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Growth Factors and Their Receptors: 
Genetic Control and Rational Application 

Structure and Function of Growth Factors and Their Receptors - I 
c 001 TRANSFORMING GROWTH FACTOR-ALPHA: STRUCTURE EXPRESSION AND BIOLOGICAL 

M.E. Winkler*, Department of Molecular Biology, Genentech, Inc., South San 
Francisco CA 90480. *Department of Protein Biochemistry. 

ACTIVITIES, Rik Derynck, Patricia B. Lindquist, Timothy S .  Bringman 

cDNA analysis has indicated that human TGF-alpha is encoded as an internal part of a 160 
amino acid precursor. This cDNA has been overexpressed in Chinese hamster ovary cells and 
the resulting proteins were analyzed by immunoprecipitation. At least two types of 
glycosylated TGF-alpha are secreted in addition to an unglycosylated 50 amino acid form. 
These different forms are derived by alternative proteolytic cleavage from a transmembrane 
precursor. The cytoplasmic segment of this precursor is palmitoylated at one or more 
cysteine residues. The function of this palmitate linkage is unclear. lrnmunofluorescent 
examination of TGF-alpha producing cells shows that TGF-alpha or related molecules are 
specifically located at the cell surface and that interaction with specific anti TGF-alpha 
antibodies can result in internalization of the ligand-antibody complex. 
The 50 amino acid form was expressed in E. cob. Purified and properly folded TGF-alpha 
was biologically active. Comparison of TGF-alpha with EGF shows that both molecules 
interact with the same receptor and exert similar effects. However, TGF-alpha appears to be 
a superagonist compared to EGF 'n several biological systems. It can be postulated that TGF- 
alpha and EGF may interact with the common receptor in a different way which could then be a 
basis for the observed differences in biological activities. 

c 002 
Charles E. Hart*$, John W. Forstrom*, James D .  Kelly*t, Robert A. Smith*, Russell Rosst, 
Mark J. Murray*, and Daniel F. Bowen-Popet, (*)ZymoGenetics, Inc., 2121 N. 35th Street, 
Seattle, WA 98103 (t) Department of Pathology (SM-30), University of Washington, Seattle, 
WA 98195. 

Platelet-derived growth factor (PDGF) is a potent mitogen for a variety of 
mesenchymal cells. In addition to its mitogenic activities, POGF has been reported to 
stimulate both early and late events following its addition to cells in culture. Previous 
studies involving PDGF have been based upon the premise that there is only a single cell- 
surface receptor that binds all three isoforms of POGF (AA, Bb and AB). We have recently 
uncovered the existence of two populations of PDGF receptor that can be distinguished by 
their ligand binding specificity. We have designatea these two classes of receptor as the 
B-receptor due to its ability to bind only BB homodimer, and the A/B-receptor, due to the 
ability of AA, 1)B and AB dimers to bind to this receptor. We have detected the two 
classes of receptor on several cell types including human dermal fibroblasts, mowe 3T3 
cells and both human and rat smooth muscle cells. The B-receptor appears to be expressed 
at 10 fold greater levels than the A/B-receptor. We have also observed that it is the 1- 
receptor which is responsible for the bulk of PDGF receptor phosphorylation. 

It should be noted that most studies or 1L5L-PUGF binding have been done with 
PUGF iodinated by procedures that specifically label tyroslne residues. Since only the A- 
chain of PDGF contains tyrosine, only AA and AB dimers would be labeled in a mixture of 
PDGF purified from platelets. Since BB homodimers would not be labeled in this mixture 
the B-receptor would go undetected. Thus, when 1251-PDGF has been used as a probe for the 
PDGF receptor it has been the A/B-receptor being monitored while it is the B-receptor that 
has been observed when using phosphorylation as a method of detection. 

It is not known whether these two receptor classes represent two distinct gene 
products, different post-translational modifications of a single gene product, or 
functional differences in a single molecule that result from different patterns of 
association with other cell-surface proteins. Tho identtficatiun of two classes of PDGF 
receptor may shed some light on why variable results have been obtained when specific 
properties of PDGF have been examined. Depending upon the composition of the POGF used, 
either one or both of the receptor classes may be stimulated. 

MULTIPLE CLASSES OF PUGF RECEPTOR RECOGNIZE DIFFERENT ISOFORMS OF PDGF 
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C 003 THE PROTEIN TYROSINE KINASE ACTIVITY OF EGF-RECEPTOR IS ESSENTIAL FOR SIGNAL 
TRANSDUCTION, Joseph Schlessinger', Anne Marie Honegger*, Tom J .  Dull, and Axel 
Ullrich, *Rorer Biotechnology, Inc., Rockville, MD 20850 and Genentech, Inc., 
South San Francisco, CA 94080 

Cultured NIH-3T3 cells devoid of endogenous EGF-receptors were transfected with cDNA 
constructs encoding either the human EGF-receptor or an EGF-receptor mutant in which 
Lys721, a key residue in the ATP binding site, was replaced with an alanine residue. The 
mutant receptor was properly processed, and it displayed both high and low affinity 
surface binding sites. Similar to the wild type receptor, phorbol ester (TPA) abolished 
the high affinity binding sites. Furthermore, the initial rate of EGF internalization was 
similar for wild type and mutant EGF-receptors. However, unlike the wild type receptor, 
the mutant receptor did not display EGF-stimulatable protein tyrosine kinase activity, and 
was unable to undergo autophosphorylation or to phosphorylate exogenous substrates. 
Surprisingly, the mutant receptors were not down-regulated, but appeared to recycle in 
transfected cells. These data suggest that degradation of normal EGF-receptors after 
endocytosis is due to the kinase activity endogenous to this receptor (1). A single amino 
acid substitution rendered a 'down-regulated" receptor into a receptor that can recycle 
from cytoplasmic compartment back to the cell surface (1). The addition of EGF to cells 
expressing wild type receptors caused the stimulation of various responses including, 
enhanced expression of proto-oncogenes c-fos and c-myc, "foci formation" and stimulation 
of DNA synthesis. However, in cells expressing mutant receptors EGF was unable to 
stimulate these responses, suggesting that the tyrosine kinase activity is essential for 
EGF-receptor signal transduction(2). 

1. Honegger. A.M., Dull, T.J., Felder. S . ,  Van-Obberghen, E., Bellot, F., Szapary, D., 
Schmidt, A., Ullrich, A., and Schlessinger, J .  (1987). Point mutant at the ATP binding 
site of EGF-receptor abolishes protein tyrosine kinase activity and alters cellular 
routing. Cell, in press. Oct issue. 
2. Honegger, A.M., Szapary, D., Schmidt, A., Lyall, R., Van-Obberghen, E., Dull, T.J., 
Ullrich, A., and Schlessinger, J .  (1987). A mutant EGF-receptor with defective protein 
tyrosine kinase is unable to stimulate proto-oncogene expression and DNA synthesis. Mol. 
Cell Biol., in press. Dec. issue. 

c 004 STRUCTURAL DETERMINANTS OF PDGF RECEPTOR FUNCTION, L.T .  Wi l l i ams ,  J.A. Escobedo, 
S.R. Coughl in,  M.T. Keat ing ,  P.L. Orchansky, W.J. F a n t l ,  and P.L. Lee, Un iv .  o f  
C a l i f .  Howard Hughes Med. I n s t . ,  San Franc isco ,  CA., 94143. 

The e x t r a c e l l u l a r  r e g i o n  o f  t he  mouse PDGF recep to r  c o n s i s t s  o f  a se r ies  o f  f i v e  
immunog lobu l in - l i ke  domains t h a t  a re  i n v o l v e d  i n  PDGF b ind ing .  
cons i s t s  o f  a t y r o s i n e  k inase  domain (TK l )  c o n t a i n i n g  the  ATP b i n d i n g  s i t e ,  a k inase  
i n s e r t  domain (K I )  t h a t  separates t y r o s i n e  k inase  domains, a second t y r o s i n e  k inase  
domain (TK2) and a carboxy te rm ina l  reg ion  (CT) o f  unknown f u n c t i o n .  A f u l l - l e n g t h  human 
cDNA c lone i s  h i g h l y  homologous t o  the  mouse sequence and has t h e  same domain 
o rgan iza t i on .  Genomic c lones show t h a t  t he  immunog lobu l in - l i ke  domain boundar ies 
co inc ide  wi th i n t r o n  and exon j u n c t i o n s .  

w i ld - type  and mutated forms i n  c e l l s  t h a t  no rma l l y  l a c k  PDGF recep to rs .  Expressed 
w i l d - t ype  recep to r  b inds  a l l  forms o f  PDGF, i n c l u d i n g  AA and BB forms produced i n  a yeas t  
express ion  system and AB heterod imer  p u r i f i e d  f rom human p l a t e l e t s .  When a c t i v a t e d  by 
PDGF, the  t r a n s f e c t e d  recep to r  mediates a d i ve rse  group o f  e a r l y  c e l l u l a r  responses as 
w e l l  as the  " l a t e "  responses o f  DNA syn thes i s  and c e l l  d i v i s i o n .  The t r a n s f e c t e d  
recep to r  a l s o  undergoes a PDGF-induced conformat iona l  change which i s  de tec ted  by a 
conformat ion-spec i f i c  an t i body  d i r e c t e d  aga ins t  cy top lasmic  sequences. We have expressed 
the  ex te rna l  domain o f  t h e  recep to r  w i t h o u t  t he  transmembrane o r  cy top lasmic  sequences. 
Th is  70 kDa recep to r  f ragment b inds  PDGF w i t h  h i g h  a f f i n i t y ,  i n d i c a t i n g  t h a t  t he  
immunog lobu l in - l i ke  domains a re  s u f f i c i e n t  f o r  h i g h  a f f i n i t y  b ind ing .  A fo rm o f  t he  
recep to r  l a c k i n g  t h e  90 amino a c i d  K I  r e g i o n  has a l s o  been expressed. Th is  K I  mutant 
mediates the  e a r l y  PDGF-induced c e l l u l a r  responses i n c l u d i n g  b ind ing ,  recep to r  
i n t e r n a l i z a t i o n ,  recep to r  t y r o s i n e  phosphory la t ion ,  phospha t idy l i nos i  t o1  tu rnove r ,  pH 
change, and inc rease  i n  calc ium, b u t  f a i l s  t o  mediate a p r o l i f e r a t i v e  response t o  PDGF. 
A fo rm o f  t h e  recep to r  t h a t  l a c k s  k inase  a c t i v i t y  because o f  a p o i n t  mu ta t i on  a t  t he  ATP 
b ind ing  s i t e ,  b inds  PDGF w i t h  h i g h  a f f i n i t y  b u t  does n o t  mediate any o f  t he  c e l l u l a r  
responses t o  PDGF i n c l u d i n g  t h e  PDGF-induced conformat iona l  change i n  the  recep to r .  Th is  
form o f  t h e  recep to r ,  however, i s  down regu la ted  i n  response t o  PDGF. Other  mutants t h a t  
have d e l e t i o n s  i n  t h e  e x t r a c e l l u l a r  o r  carboxy te rm ina l  domains o r  a l t e r a t i o n s  i n  the  
t y r o s i n e  phosphory la t i on  s i t e s  have a l s o  been cha rac te r i zed .  
s tud ies  show t h a t  t h e  PDGF recep to r  b inds  m u l t i p l e  forms o f  PDGF th rough 
immunog lobu l in - l i ke  recep to r  domains, and then undergoes a conformat iona l  change t h a t  i s  
assoc ia ted  w i t h  an i nc rease  i n  t y r o s i n e  k inase  a c t i v i t y  t h a t  i s  e s s e n t i a l  f o r  a l l  o f  t he  
c e l l u l a r  responses t o  PDGF except f o r  recep to r  i n t e r n a l i z a t i o n .  

The i n t r a c e l l u l a r  reg ion  

The cDNA sequences f o r  t he  human and mouse recep to r  have been expressed i n  t h e i r  

Taken toge the r  these 
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Structure and Function of Growth Factors and Their Receptors - I I  
C 005 POSSIBLE INVOLVEMENT OF P~F-LIKE  GROWTH^ FACTORS IN PUTOCRINE STIMU~ATION OF 

CijLLIGROWTH, C.-H. Heldin , A. Hamacher , A. Ostman , C.  Betsholtz and B. 
Westermark , Ludw g Institute for Cancer Research, Box 595, Biomedical Center, 
S-752 23 Uppsala, Dept of Pathology, University Hospital, S-751 85 Uppsala, Sweden. 1 

Platelet-derived growth factor (PDGF), is a dimer of two polypeptide 
chains, A and B. Examples have been found of A homodimers (e.g. a factor 
secreted by a human osteosarcoma cell line), B homodimers (e.g. the 
transforming product of simian sarcoma virus) and AB heterodimers (e.g. 
PDGF purified from human platelets). The frequent expressions of 
PDGF-like growth factors in normal, EIS well as transformed, cells 
suggest that such factors have roles in autocrine and paracrine 
stimulation of cell growth. For instance, out of 23 investigated human 
glioma cell lines, 23 and 16 expressed mRNA for the A chain and the B 
chain, respectively. PDGF-like factors secreted by one of these glioma 
cell lines were purified and characterized. Two different PDGF-like 
factors were resolved by HPLC reverse phase; one was identified as an A 
chain homodimer, whereas the other contcined at least one B chain. All 
dimeric forms of p%gF binds to human fibroblasts and competes, at least 
partially, with I-PDGF for binding. However, A homodimers have a 
lower mitogenic activity compared to B chain containing dimers. This 
finding, in combination with the observation that A chain homodimers 
remain preferentially cell associated suggests that different PDGF 
dimers have different functions in vivo. 

C 006 FOFCES  LED IN WDEFWL GRXH FACIDR REEPIOR BINDING,  in H. WYO, 
Departmnt of &enistry. Tenple University, Philadelphia, PA 19122 

Kriwledge of the mechanism of epidexml qnxith factor (EGF) action requires an understanding 
of the forces involved in the interaction ktween the protein homne and its cell receptor. 
After all, it is primarily the receptor binding process which triggers the cascade of 
cellular events that ultimately can lead to cell proliferation. 
experimental data fmm several sources, i.e., one-dinwsional and ' ionalproton 
nuclear magnetic resonance (-1 spectroscopy, photo-chenically induced dynamic nuclear 
polarization (CICNP) proton IW? spectroscopy, and iodine-125 labelled Ex;F receptor binding 
kinetic studies, aimd at attainkg understanding of these forces. Proton l W ?  spectro- 
scopic studies have yielded solution structure infomtion on EGF frcm thee  species, i.e., 
muse, h w  and rat. Since these three species can ccqete with eachother for cell receptor 
binding, a ammn receptor bhdiq h i n  on n;F is likely. Ccmyarison of these E F  solution 
mnforrrrations has indicated a nmhr of conserved structural regions, one of which m y  Ixt the 
receptor binding d&. 
this bindixg dcanain partly defines those forces necessary for efficient receptor asscciatjon 
and, probably, its specificity. Ihe artp1-t to these forces must arise fran the receptor 
structure and its cell surface environment. The kinetics and thermxlynamics of iodine-125 
labelled EGF receptor binding to fibroblast cells, therefore, have also heen investigated; 
these studies are used to probe the energetics of this protein-protein, i.e., Ex;F and 
receptor, interaction in a real cell situation. Photo-CIDNP studies of DZFs have 
identified protein surface exposed araratic residues which, in the presence of bipathic 
micelles, becane masked fran the polar solvent by the hydrophobic micellar core; different 
species of EGF interact with these micelles in a similar way. Interestingly, idine-125 
labelled EGF receptor binding data and these micelle interaction data seem to render 
cceopl-tary results. 
EGF receptor binding and aid in possibly designing more potent grckvth factors, prehaps by 
genetic engineering. 

This research was supprted in part by the National Institute of General Medical Sciences 
(m-34662) and by the mrth Atlantic Treaty Organization (NATO) Scientific Affairs Division 
(FG.85/0424). 

In this paper, we present 

The spatial arrang-t of surface exposed amim acid residues at 

Integration of these data may help define those forces involved in 
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c 007 STRUCTURE AND FUNCTION OF ACIDIC FIBROBLAST GROWTH FACTOR, Kenneth Thomas, 
Guillermo Gimenez-Gallego, Sagrario Ortega, Jerry DiSalvo, Denis Soderman, David 
Linemeyer, Linda Kelly and John Menke, Dept. of Biochemistry and Molecular Biology, 
Merck Research Laboratories, Rahway, New Jersey 07065. 
Acidic fibroblast growth factor (aFGF) is a protein mitogen for a wide variety of cells 
in culture, including vascular endothelial cells. In vivo the purified protein induces 
blood vessel growth and accelerates wound healing. Bovine and human aFGFs have been 
sequenced. As purified, both proteins are 140 amino acids long with only 11 
substitutions between them. Although bovine and human aFGFs have three Cys residues, 
only Cysl6 and Cysgj are common. The unique third Cys residues are at position 47 in 
bovine and 117 in human aFGFs. 
This arrangement of one disulfide and one free cysteine residue in each aFGF could 

facilitate inactivation of the mitogen either by intramolecular disulfide reshuffling 
to produce one or both incorrectly disulfide bonded forms or by generation of 
intermolecular disulfides between aFGF molecules or with other proteins. Potentiation 
of the mitogenic activity of aFGF by heparin might, therefore result from preferential 
complexation of the correctly disulfide bonded protein molecules with the sulphated 
oligosaccaride, thereby pulling the conformation equilibrium in favor of the fully 
active form. Furthermore, the equilibrium between correctly and incorrectly disulfide 
bonded forms would be expected to be influenced by the location of the free Cys 
residue. In fact, heparin activates bovine aFGF about 4-fold and human aFGF over 
100-fold in a Balb/c 3T3 mitogenesis assay. 
To test the hypothesis that incorrectly formed disulfide bonds decrease the activity 

of aFGF in the absence of heparin, each of the three Cys residues of human recombinant 
aFGF were converted by site-directed mutagenesis to Ser residues. Changing either of 
the two conserved Cys residues (16 and 83) proposed to be involved in a disulfide 
bridge in the active conformation diminishes the activity of the protein in the 
absence of heparin even more than that observed for wild-type human r-aFGF. In 
contrast, modification of Cysl17 abolished 90% of the heparin dependence of the 
wild-type form. Therefore, these data support the hypothesis that complex formation 
between heparin and aFGF minimizes formation of  incorrectly formed intra- or 
intermolecular disulfide bonds. 

Structure and Function of Growth Factors and Their Receptors - Ill 
c 008 

Genetics Institute Inc., Cambridge MA 92140, and *Medical University of South Carolina and 
VA Medical Center, Charleston, SC 29403. 

The molecular cloning of the hurran gene ercdirq interleukin-3 (IL-3) has embled us to 
pzpduce substantial quarrtities of this gmwth factor for analysis of its effects bath in 
culture and in primate models. Because of its ability to support colony formation by mny 
types of hematopoietic cells, IL-3 is also lawwn as mlti-lineage colony-stimulating 
factor. "he IL-3-rlesp3"sive w e t  cells fcund in m?mal bone mrrm overlap considerably 
with those responsive to another mlti-lineage hematopoietic grmith factor, granulocyte- 
mac@age colony-stimulating factor (Q-t-CSF) . A direct ccanparison of the ability of these 
factors to support the proliferation of primitive blast cell colonies has revealed that IL- 
3 is more effective than is G4-F in generating h- blast cell colonies. Furthermre, 
the resulting blast ell colonies fmm the IL-3supported culture can be replated with 
higher efficiency than those f m  the M-CSF cultures. 'Ihese studies inaicate that 
althourpl the pool of tarqet cells for the tm factors overlap considerably, the IL-3- 
responsive cells include a population of more primitive stem cells w i t h  a higher 
proliferative ptential than those f0JM in the p l  of CM-csF-respOnsive prcgenitom. m e  
effects of IL-3 on stimulating hmatcpiesis in mmal monkeys are consistent with the 
results of the clcasogenic culture systems. Corhi.nucms intrav- infusion of recambinant 
-3 for 7 days resulted in a dest elevation in circulating white cell count, typically 
ZJaChing a maxinun of 2-3 fold 3 days after Stopping the administration. lbe elevation was 
due to, increased numbers of neutxcphils, eminophils, m o m  an3 lymFhocytes. 
comparison, GM-CSF has been fcund to elicit a rapid leukocytosis in the same ncdel, 
typically To test the 
possibility that the IL-3 effeds m y  be more restrided to earlier progenitors, we 
pretreated the animals for 6 days With IL-3 to kcreass the prcgenitor pool size then 
administered a suboptimal dose of Q-t-CSF to fllpport the maturation of the IG3-g-ted 
innaMture cells. As expctyl! the elevation in circulating white cell count of the IL-3- 
p?Mxeated animals to the muumal dose of Gf-CSF was significantly greater to that in the 
those animals not recziving IL-3. 'Ihese studies suggest that IL-3 may not be sufficient to 

the q l e t e  develqmental program of many of the hempietic pmgenitors and that 
this insufficiency is likely to be due to the acquisition of dependency of the developing 
cells to other grcr.lth factors such as Q-t-CSF. 

CHARACTERIZATION OF THE BIOLOGIC PROPERTIES OF HUMAN INTERLEUKIN-3, Yu-Chung 
Yang, Robert G. Donahue, Allan R. Mufson, Makio Ogawa*, and Steven C. Clark, 

5 fold w i t h i n  2-3 days after the start of a 7 day infusion. 
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C 009 

Department of Microbiology E Immunology, Wake Forest University Medical Center, 
Winston-Salem, NC 27106. 
Previous studies have demonstrated that murine IL la is synthesized as a 33,000 m.w. 
precursor which is processed to the 17-19,000 m.w. forms found in the culture supernatant 
o f  activated macrophages. We have found that the murine IL la precursor lakcs a cleavable 
signal sequence and does not undergo co-translational translocation across microsomal 
membranes in vitro. 
from normal peritoneal macrophages collected within 0.5-3 hrs after stimulation contained 
the 33,000 m.w. precursor as the predominant form of IL la. 
level o f  low m.w. IL 1 increased as the secreted precursor was processed by extracellular 
and/or cell surface-associated proteolytic enzymes. The rate of IL la precursor release 
was dramatically enhanced by calcium ionophores. The rapid release of IL 1 in response to 
calcium does not appear to be due to release of a membrane bound form of the protein, nor 
is there evidence that IL 1 is packaged and released from granules. 
studies indicate that the 33,000 m.w. precursor is secreted intact from activated 
macrophages via a novel, possible calcium-dependent pathway. 

(Kd = 0.2nM) on responsive cells. 
rheumatoid synovial cells exhibits an apparent m.w. of approximately 75-85,000. Using 
crude membrane preparations from Swiss 3T3 mouse fibroblasts we have found that the binding 
of IL 1 to its receptor is quite stable. When IL 1 was bound to membranes for 1 hr at 37°C 
and the membranes were washed and returned to 37"C, little if any dissociation of the IL 1 
from its receptor was noted after 4 hrs. In whole cells, the IL 1-receptor complex is 
internalized at 37°C. The internalized receptor on T cells does not appear to re-cycle to 
the plasma membrane. IL 1 remains intact for at least 6 hrs after its internalization. 
Over this same time period, a significant portion of the internalized IL 1 accumulates in 
the nucleus. 

INTERLEUKIN 1 SYNTHESIS, SECRETION, AND ACTION, Steven 8. Mizel, Jill Suttles, 
Judith Giri, Fumihiko Shirakawa, Sho Ishikawa, Marcio Chedid, and Lucy Minnich, 

Culture supernatants of the murine macrophage cell line, P388D1, or 

Over an 18 hr period, the 

The results of our 

Following its release from cells, IL 1 specifically binds to a high-affinity receptor 
The IL 1 receptor on mouse fibroblasts or human 

Growth Factors: Intracellular Events 
c010 

Lewis Cantle?, Malcolm Whitman., David Kaplan+, Brian Schaffhausen", Leslie 
Serunian', Tracy Keller', Morris White' and Thomas M. Roberts+, 'Dept. of 
Physiology and ++Dept. of Biochemistry, Tufts University School of Medicine, Boston, 
MA 02111, 'Joslin Diabetes Clinic, Boston, MA 02115 and +Dana-Farber Cancer 
Institute, Harvard Medical School, Boston, MA 02115. 
An 85 KD phosphoprotein was found to coimmunoprecipitate with the polyoma middle 
T/~p60~-~'~ complex from cells expressing transformation competent middle T antigen 
but not from cells expressing transformation defective mutants of middle T. This 
protein could be separated from the middle T / P P ~ O ~ - ~ ~ ~  imounoprecipitate by a 
detergent and high salt extraction and reimunoprecipitated with an antibody directed 
against phosphotyrosine. An identical phosphoprotein was immunoprecipitated f r m  PDGF 
stimulated Balb 3t3 fibroblasts with the anti-phosphotryosine antibody. Phosphoamino 
acid analysis of the 85 KD protein from 3 = W 4  labeled cells revealed the presence 
of phosphotyroeine and phosphoserine. A novel phosphatidylinositol (PI) kinase 
activity coprecipitated with the 85 KD phosphoprotein from both middle T transformed 
cells and PDGF Stimulated cells. The appearance of the PI kinase activity in the 
anti-phosphotyrosine immunoprecipates correlated with the appearance of the 85 KD 
phosphoprotein, both becoming detectable within 15 seconds of P W F  addition and 
reaching a maximum after 5 minutes. The 85 KD protein copurified with the PI kinase 
activity on an anion exchange column which separated the PI kinase activity from the 
PDGF receptor. 
the major PI kinase activity observed in fibroblast membranes with respect to size, 
enzymatic properties and effects of inhibitors. In addition the phosphatidylinositol 
phosphates produced from these two enzymes are chemically distinct suggesting a novel 
pathway for PI turnover in growth factor stimulated and transformed cells. 

SPECIFIC ASSOCIATION OF AN 85 KD TYROSIW PHOSPHORYLATED PROWIN AND A NOVEL 
PHOSPHATIDYLINOSITOL KINASB WITH CERTAIN GROWTH REGULATING TYROSINB RINASES, 

The PI kinase which copurifies with the 85 KD protein is distinct from 
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c 011 TARGETS FOR SIGNAL-TANSDUCING PROTEIN KINASES. Tony Hunter, Kathy Gould, Clare 
Isacke. Peter Van der Geer. and Ellen Freed The Salk Institute, P.O. Box 85800. 
San Diego, California 92138 

Protein phosphorylation is a major mechanism whereby signals are transduced from 
external stimuli into cellular responses. Many growth factor receptors are ligand- 
stimulatable protein-tyrosine kinases (PTK). while other PTKs, such as pp60C-SrC, located on 
the inner face of the plasma membrane have also been implicated in signal transduction. 
Protein kinase C (PKC) , a phospholipid/Ca2+-dependent DAG-regulated protein-serine kinase 
also binds to the inner face of the plasma membrane where it forms a response pathway for 
external stimuli that induce the turnover of PI. Among the substrates we have identified for 
both the EGF receptor and pp60v-src is p81. an 81 kDa protein localized to the core of 
surface microvillar spikes. Together with Tony Bretscher (Cornell), we have obtained cDNA 
clones for p81. and the sequence of these clones is being used to elucidate a function for 
p81, and to assign the Tyr phosphorylation sites prior to mutagenesis. Among the PKC 
substrates we have identified is a 180 kDa surface glycoprotein against which we have raised 
several monoclonal antibodies. p180 is present in coated pits, a location suggesting that 
p180 may be a receptor. We have purified pl80 by immunoaffinity techniques and shown that is 
a substrate for PKC. which phosphorylates p180 at a single major site that is also 
phosphorylated when cells are treated with TPA. We have obtained primary sequence 
information on several p180 tryptic peptides and are now trying to obtain molecular clones 
of p180. There is a family of cell adhesion receptors that recognize the sequence 
Arg.Asp.Gly in their ligand, which includes the vitronectin and fibronectin receptors. We 
have found that the vitronectin receptor /J subunit is phosphorylated at a single Ser when 
cells are treated with TPA. Purified vitronectin receptor is phosphorylated in vitro by PKC 
at the same Ser, but we do not know if this phosphorylation is of functional consequence. 

The signal transducing protein kinases are themselves substrates for other protein 
kinases. For instance the EGF receptor and pp60c-src are both phosphorylated by PKC. PDGF 
treatment of quiescent fibroblasts induces rapid phosphorylation of 5% of pp60C-SrC on an 
unknown Tyr in its N-terminal 18K, causing a slight gel retardation, an increase in 
phosphorylation of Ser 12 of all pp60C-SrC molecule, due to activation of PKC by PDGF- 
induced PI turnover, and phosphorylation of the altered form of pp60C-SrC at 2 novel, but 
unassigned, Ser phosphorylation sites. These changes correlate with a 3-fold increase in 
pp60C-SrC kinase activity. We are presently trying to determine whether the N-terminal Tyr 
in pp60C-SrC is phosphorylated by the PDGF receptor itself, and whether this phosphorylation 
plays a role in the mitogenic response to PDGP. 

c 012 EllRLY EVENTS ELICITED BY BOMBBSIN BND 0- GROUTE FACTORS IN QUIESCENT SWISS 3T3 
CELLS, Enrique Rozengurt, Ian Zachary, James Sinnett-Smith, Eeva Nilnberg, Penella 

J.  Woll and Jonathan Xillar, Imperial Cancer Research Fund, P 0 Box 123, Lincoln's IM 
Fields, London VC2A 3PX, U.K. 
Regulatory peptides which act in an autocrine or paracrine fashion on adjacent cells are 
increasingly implicated in the control of cell proliferation. The amphibian 
tetradecapeptide bombesin and mammalian peptides structurally related to bombesin 
including gastrin-releasing peptide (GRP) are potent mitogens for Swiss 3T3 cells. These 
peptides bind to high-affinity cell-surface receptors which are distinct from those of 
other mitogens for these cells. A surface protein in Swiss 3T3 cells with apparent Mr 
75000-85000 has been identified by chemical cross-linking as a putative component for the 
bombesin/GRP receptor. The affinity labelled protein binds to wheat germ lectip- epharose 
columns from which it can be eluted by N-acetyl-D-glucosamine. Receptor bound 231-GRP is 
internalised and extensively degraded by these cells. However in contrast to other growth 
factors, peptides of the bombesin family do not cause down-regulation of their specific 
cell-surface receptors. Following binding the peptides elicit a complex array of early 
biological responses including a) phosphorylation of the 80K cellular protein, which 
reflects the activation of p5otein kinase C in intact 3T3 cells, b) phosphoinositide 
breakdown and mobilisation of Ca + from an intracel ular store?+which leads to a transient 
increase in the concentration of cytosolic Cab' and Ca efflux, c) stimulation of 
activity of the Na+/H' antiport, d) transmodulation of EGF-receptor affinity, e) 
enhancement of CAMP accumulation and f) increase in the expression of the cellular 
oncogenes c-fos and c-myc. The peptides of the bombesin family not only provide a novel 
and valuable model for the elucidation of the signal transduction pathways underlying 
cellular proliferation but also may play a role as autocrine growth factors for human 
small cell lung cancer cells. 
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Growth Factors: Modulation of Gene Expression - I 
c 013 FIBROBLAST GROWTH FACTOR REGULATION OF SKELETAL MUSCLE GROWTH AND 

DIFFERENTIATION. Steve Hauschka, Jean Buskin, Jeff Chamberlain, Chris Clegg. Cyndy 
Gartside, Jim Jaynes, Jane Johnson, Pat Noel, Brad Olwin, and Jennifer Seed. Dept of Biochemistry. 
Univ. of Washington, Seattle, WA 98195. 
Clonal analysis of the myogenic cell lineage during chick and human limb development has 
disclosed a variety of muscle colony-forming (MCF) cells. All MCF cells are FGF responsive 
although some will grow in the absence of F G F  others exhibit absolute dependence on FGF for 
either their clonal survival or their subsequent differentiation. In all cases FGF initially 
represses the onset of terminal differentiation. However, even in the continuous presence of FGF. 
differentiation eventually begins. This suggests that cell density or extracellular matrix 
components may trigger differentiation independently of FGF removal. In a model cell culture 
system using a permanent line of mouse skeletal muscle myoblasts (MM14) purified bovine acidic 
and basic FGF both stimulate proliferation and repress terminal differentiation. bFGF is about 30 
times more potent than aFGF--with half-maximal activity in clonal assays of 1 and 30pM 
respectively. Addition of low or high molecular weight heparin in the lOOng-lmg/ml range 
inhibits bFGF-mediated effects whereas heparin stimulates aFGF-mediated effects in the lng- 
luglml range, and then becomes inhibitory in the 3ug-lmg/ml range. Such differential heparin- 
FGF effects on myoblasts could serve as an alternative in viva mechanism for controlling muscle 
growth and differentiation. When FGF is removed from the medium of proliferating MM14 
myoblasts. G1-phase cells withdraw from the cell cycle and undergo an irreversible commitment 
to a post-mitotic phenotype and initiate transcription of muscle-specific genes. Within one cell 
cycle (12.5h) the entire cell population becomes post-mitotic. One aspect of the post-mitotic 
mechanism appears to be the irreversible loss of specific growth factor receptors. FGFR and EGFR 
both disappear from the cell surface within 24h of FGF removal. While this would explain how the 
myocyte post-mitotic state is maintained, a current paradox is that cell surface FGFR and EGFR 
actually increase 2-3 fold during the first 12h of FGF deprivation. Thus at a time when the entire 
cell population is already committed to a post-mitotic phenotype, cell surface growth factor 
receptors are still present. Further studies of this problem will be described. At the level of gene 
regulation, FGF represses muscle-specific gene expression independently of cellular proliferation. 
Analysis of muscle-creatine kinase expression indicates that the gene is regulated via a tissue- 
specific enhancer element that activates transcription in the absence of FGF. The intracellular 
signal pathway bctween cell surface FGFR and muscle nuclear proteins that bind specifically to 
the enhancer element is under investigation. 

cO14 THE GENOHIC RESPONSE TO GROWTH FACTORS, K .  Ryder, S .  Har tze l l .  and D .  Nathans, 
Howard Hughes Medical I n s t i t u t e  Laboratory and Department of Molecular Biology and 

Genet ics ,  Johns Hopkins Universi ty  School of Medicine, Baltimore,  M D  21205. 
Lau and Nathans (Proc.  Nat l .  Acad. S c i .  @:1182-1186, 1987. reported t h e  i d e n t i f i c a t i o n  

by cDNA cloning of 10 genes t h a t  a r e  a c t i v a t e d  r ap id ly  and t r a n s i e n t l y  fol lowing exposure of 
qu ie scen t  BALB/c 3T3 mouse c e l l s  t o  serum, p l a t e l e t -de r ived  growth f a c t o r ,  o r  f i b r o b l a s t  
growth f a c t o r .  I n h i b i t o r s  of p ro te in  syn thes i s  superinduce t h e s e  " inmediate  e a r l y "  genes by 
causing prolonged gene t r a n s c r i p t i o n  and s t a b i l i z a t i o n  of t h e  corresponding mRNAs. In 
gene ra l ,  t h i s  s e t  of genes i s  regulated coord ina te ly  w i t h  c-fos o r  c-myc. 

cDNAs derived from t h e  mRNAs of t h r e e  inmediate e a r l y  genes have been sequenced. One 
cDNA encodes a p ro te in  t h a t  i s  r i c h  i n  s e r i n e  and p ro l ine .  I t  does not  have d e t e c t a b l e  
homology t o  any p ro te in  whose sequence i s  a v a i l a b l e  f o r  comparison. A second cDNA encodes a 
p ro te in  whose amino ac id  sequence suggests  t h a t  i t  i s  a transmembrane p ro te in ,  i . e ,  i t  has a 
hydrophobic N-terminal segment typ ica l  of a s igna l  pept ide,  a segment w i t h  f o u r  p o t e n t i a l  
N-glycosylation s i t e s ,  a highly hydrophobic s t r e t c h ,  and a s h o r t  C-terminal t a i l .  I t s  
sequence i s  s i m i l a r  t o  t h a t  r ecen t ly  descr ibed f o r  human t i s s u e  f a c t o r .  ( S p i c e r  e t  a1 Proc.  
Nat l .  Acad. S c i .  8Q:5148-5152. 1987).  

The t h i r d  cDNA encodes a p ro te in  homologous t o  t h a t  encoded by t h e  avian sarcoma virus 
17 oncogene v-jun. (We r e f e r  t o  t h i s  inmediate e a r l y  gene a s  M.) Homology between t h e  

and v-jun pro te in  i s  i n  two regions:  one near  t h e  N-terminus. and t h e  o t h e r  a t  t h e  
C-terminus. The l a t t e r  was shown by Vogt e t  a l .  (Proc.  Nat l .  Acad. S c i .  8Q:3316-3319, 1987) 
t o  have regions of sequence s i m i l a r i t y  t o  t h e  DNA-binding domain of t h e  y e a s t  
t r a n s c r i p t i o n a l  r egu la to ry  p ro te in  GCN4 and t o  t h e  oncogenic p r o t e i n  fos. Southern b l o t s  of 
human.  mouse and chicken DNA i n d i c a t e  t h a t  and & a r e  d i f f e r e n t  genes,  and t h a t  
t h e r e  may be o t h e r  v e r t e b r a t e  genes r e l a t ed  t o  M and &. These f ind ings  suggest  t h a t  
t h e r e  i s  a jun family of genes encoding r e l a t e d  t r a n s c r i p t i o n a l  r egu la to ry  p ro te ins .  The 
jun-8 p r o t e i n ,  and perhaps o t h e r  members of t h e  jun family,  may play a r o l e  i n  r egu la t ing  
t h e  genomic response t o  growth f a c t o r s .  
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COl5REGULATION OF GENE EXPRESSION BY PLATELET-DERIVED GROWTH FACTOR, 
Barrett J. Rollins, Patricia Oquendo and Charles D. Stiles, 
Hanrard Medical School and the Dana-Farber Cancer Institute, 
Boston, MA 02115 

Much attention has focused upon induction of the c-E and c-fos 
proto-oncogenes by platelet-derived growth factor (PDGF) : however 
PDGF stimulates expression of between 10-30 other genes in 
appropriate target cells. The structure of these other PDGF- 
inducible genes (which we have termed "competence" genes) and their 
function in the cellular response to PDGF are largely unknown. We 
have examined the structure and regulation of the original PDGF- 
inducible competence genes isolated from Balb/c-3T3 cells. Our data 
may provide insights into function of these genes. The PDGF- 
inducible "JE" and "KC" genes encode secretory proteins with 
cytokine-like properties. In addition, PDGF induces other 
cytokine-like proteins including MCSF, EPA/TIMP and interleukin-6 
(also known as type 2 beta interferon and BSF 2 ) .  The data highlight 
another parallel between the response of T-lymphocytes to antigens 
and the response of fibroblasts to PDGF. Just as a T cells secrete a 
panel of interleukins as a component of activation, it appears that 
fibroblasts secrete a panel of cytokines in response to PDGF. 

Growth Factors: Modulation of Gene Expression - II 
cO16 REGOLATIOU OF TEE C-IFIC OUCOGENE, Kenneth B. narcu, Biochemistry Dept., S U W  at 

Stony Brook, Stony Brook, NY 11794-5215 

The murine c - e  gene is regulated at multiple levels in proliferating and differentiating 
cells. 
in fibroblastic cells. il block to transcriptional elongation within the gene's first exon 
severely dam-regulates its expression in most cell types. The transcriptional block is 
located about 150 nucleotides upstream of the exon l/intron 1 junction. Transcription 
initiation at the normal c-mm promoter appears to be essential for efficient transcrip- 
tional blockage. Serum atimulation of either confluent arrested or subconfluent serum 
deprived W B / c  A31 fibroblasts activates the initiation of E transcription but has no 
significant effect on the elongation block. 
though transient effect on expression at the post-transcriptional level. In contrast, 
BGP can activate m m  expression largely by releasing the transcriptional block. 
transcriptional block is greatly enhanced in NIH3T3 cells transformed by various strains 
of Abelson murine leukemia (A-UuLV) virus demonstrating that the contribution of this 
level of transcriptional control for regulated c-E expression can vary greatly in normal 
and transformed cells. 

F9 teratocarcinoma cells, E expression is negatively controlled solely at the post- 
transcriptional level while transcription initiation and elongation remain unaffected 
upon F9 differentiation. In mouse erythroleukemia MEL) cells induced to differentiate 
with hexamethylene bisacetamide (mum), expression is initially down-regulated by a 
dramatic enhancement Of the transcription block within 20 minutes of inducer addition 
while transcription initiation remains unaffected. 
blockage is only significant early in the nEL cell camitment period because post-trans- 
criptional mechanisms eventually become solely responsible for down-regulation in 
these cells prior to the onset of pglobin gene transcription. This post-transcriptional 
control is probably mediated within the nucleus since little change in m 3  ml(NA half-life 
is apparent. 
c-% expression in various cell types. 

At the transcriptional level, c - e  is activated by serum and defined growth factors 

Serum stimulation also has a strong positive 

The 

HJ= expression is down-regulated in most differentiating cells. In differentiating 

However, this enhanced transcriptional 

In sumtary, different levels of gene control differentially contribute to 
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CO17 C-FOS REGULATION AND FUNCTION. E- L Ziffl, M. E. Greenberg]*, L. A. 

Biochemistry and Kaplan Cancer Center and (2) Dept. of Pharmacology, New York University 
Medical Center, New York, NY 10016-6402. We have studied the mechanism of 
transcriptional acativation of the c-fos gene by growth factors by purifying proteins 
which associate with regulatory sequences of the c-fsr gene and by analyzing the 
structures of complexes of these proteins with DNA. Induction of c-fsr gene transcription 
in quiescent 3T3 cells in response to serum requires a 20bp palindromic c-fos gene 5' non 
coding region DNA sequence, the dyad symmetry element (DSE) whose complex with a protein. 
the SRE binding factor (SRF). appears to be required for c-fos transcription activation 
(see 1 )  We have purified the SRF from HeLa cell extracts by a combination of conventional 
and DNA affinity column chromatography steps. This factor has an apparent Mr of 64kDa 
on denaturing SDS-PAGE and a similar (55-70kDa) as a native protein in solution when 
fractionated by FPLC superose-12 chromatography. In contrast, the complex of SRF with a 
synthetic 30bp DSE oligonucleotide fractionates on the superose column with apparent Mr 
sf 250kDa These data together with the results of DSE mutation (1) suggest that 
the SRF can exist in solution as a monomer yet forms a multimeric structure in its 
associaion with the DSE. 

When the model PC12 pheochromocytoma cell line is stimulated with nerve growth 
factor, c-fos transcription is induced within 10 min. After 24-48 hr the cells begin to 
assume a neuronal phenotype. To place the induction of c-fos within the context of PC12 
differentiation we have identified additional genes regulated in PC12 by NGF. We discuss 
this program of gene regulation with respect to possible functions of c-fes and the 
functions of the induced genes in differentiated PC12 cells and in the adult rat nervous 
system. 

1, Greenberg & d., (1987) Mol. Cell. Biol. 7:1217-25. 
( )Present address: Dept. of Microbiology and Molecular Genetics, Harvard Medical 
School, Boston, MA 02115. 

Greenez. D. G. B. Leonardl, R. Metzl, and 2. Siegfriedl. (1) Dept. of 

50kDa. 

Growth Factors and Growth Inhibitors in Neoplasia 
c 018 THE HUMAN trk LOCUS: A NOVEL TRANSMEMBRANE RECEPTOR, M. Barbacid, D. Martin-Zanca, 

R. Oskam, F. Coulier, and G. Mitra, BRI-Basic Research Program, Frederick Cancer 
Research Facility, Frederick, MD 21701 

trk is a new member of the tyrosine protein kinase family of hormone receptors. Nucleo- 
tidesequence analysis of trk cDNA clones revealed the three classical domains of growth 
factor receptors. The extracellular domain contains a putative signal peptide, 13 consensus 
N-glycosylation sites and 1 1  unclustered cysteines. The transmembrane region consists of a 
stretch of 26 hydrophobic amino acids. Finally, the 266-amino acid long kinase catalytic 
domain is followed by a short carboxy-terminal tail of 15 amino acids which includes a 
single tyrosine residue. The trk locus was first identified as part of an oncogene acti- 
vated in a human colon carcinoma biopsy by a somatic rearrangement that fused a non-muscle 
tropomyosin gene with the transmembrane and catalytic domains of the trk proto-oncogene. 

The primary translational product of the r proto-oncogene is a glycoprotein of 110 kd 

g p l l o h  have in vitro autophosphorylating activity specific for tyrosine residues. The trk 
o n c f p p  codes for a 70 kd molecule which also has an associated tyrosine kinase activity. 
p70-, unlike g p 1 4 0 m ,  does not appear to be associated with cellular membranes. Thus, 
suggesting that its transforming properties might be exerted by a mechanism involving 
phosphorylation of non-physiological substrates. To examine the role of tropomyosin 
sequences in the malignant activation of the trk oncogene. We have replaced them by other 
cytoskeletal (p-actin) or unrelated (p-globin) genes. The resulting chimeras completely 
failed to transform NIH3T3 cells in spite of directing the synthesis of proteins that 
retained tyrosine protein kinase activity. These results suggest that tr omyosin may 
contribute to the transforming properties of the trk oncogene by allowing p 7 0 a  to interact 
with a specific subset of cytoplasmic substrates. 

Finally, we have observed that trk proto-oncogene sequences can efficiently recombine 
vitro to yield novel transforming genes. We have identified thirteen new trk oncogenes by 
transfecting NIH3T3 cells with nontransforming plasmids carrying either the tyrosine kinase 
domain or the entire coding sequences of the  proto-oncogene. Each of these oncogenes 
expressed a novel trk-related protein of aberrant size with tyrosine protein kinase acti- 
vity. Biochemical characterization of these proteins indicates that whereas some are 
located in the cytoplasm others are transmembrane proteins. These results raise the 
possibility that the trk proto-oncogene may serve as a marker to identify multiple sub- 
strates whose unscheduled phosphorylation may contribute to malignant transformation. 

with a polypep i e backbone of 79 kd. gp110- M is further glycosylated to yield the ature 
produ t g p 1 4 0 L  Pi which becomes anchored across the plasma membrane. Both g p 1 4 0 A  and 
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c 019 GROWTH, DIFFERENTIATION, AND NEOPLASTIC TRANSFORMATION OF HUMAN BRONCHIAL 
EPITHELIAL CELLS.  Curt is  C.  Harr is ,  Brenda Gerwin, Ke Yang, George Mark, 

Tohru Masui, Andrea Pfe i fe r ,  Roger Reddel, and John F. Lechner, Laboratory o f  Human 
Carcinogenesis, National Cancer I n s t i t u t e ,  Bethesda, MO 20892 

We are  invest igat ing the molecular and c e l l u l a r  mechanisms control l ing growth and 
d i f fe ren t ia t ion  of human bronchial e p i t h e l i a l  c e l l s  and the dysregulation of these 
controls  during the  multistage process of carcinogenesis. 
others  are  cons is ten t  w i t h  the  hypothesis t h a t  the preneoplast ic  and neoplast ic  
bronchial e p i t h e l i a l  c e l l s  have a se lec t ive  clonal expansion advantage because of 
diminished responsiveness t o  negative growth fac tors  and/or autocr ine production of 
posi t ive growth fac tors .  
t o  terminal squamous d i f fe ren t ia t ion  o f  the  bronchial ep i the l ia l  c e l l s  a re  a l so  
observed. The ro le  of act ivated proto-oncogenes in control l ing pro l i fe ra t ion  and 
squamous d i f f e r e n t i a t i o n  i s  being studied by t ransfect ion of expression vectors 
containing m, and raf in the sense or  ant isense or ientat ion s ingly or in 
combination in to  normal, SV-40 immortalized o r  neoplast ic  bronchial e p i t h e l i a l  c e l l s .  
Activated ras and a proto-oncogenes cause abnormalities i n  growth and squamous 
d i f fe ren t ia t ion  pathways of human bronchial e p i t h e l i a l  c e l l s .  

Our  r e s u l t s  and those of 

Aberrations i n  regulat ion of the multistage pathway leading 

c 020 REGULATION OF CELL PROLIFERATION BY TRANSFORMING GROWTH FACTORS, 
Harold L. Moses, Vanderbilt University School of Medicine, Nashville, TN 37232. 

Two types of transforming growth factors (TGF) have been purified and well characterized, 
TGFa and TGFR. TGFa is a 5.6 kD single chain EGF-related molecule that binds to the EGF 
receptor and has biological effects very similar to those of EGF; it is mitogenic for most cell 
types including normal epithelial cells. TGFB is a 25 kD homodimer of 12 kD subunits that 
has its own specific cell surface receptors. While growth stimulatory for selected 
mesenchymal cells, TGFB inhibits proliferation of most cell types including normal epithelial 
cells. Using cultured skin keratinocytes as a model system for normal epithelial cells, the 
production of and response to TGFa and TGFB has been examined along with potential 
mechanisms of growth inhibition by TGFB. The keratinocytes are stimulated to proliferate by 
EGF and TGFa. TGFa is produced by adult and neonatal skin keratinocytes, and this 
production is autoregulated. TGFB, on the other hand, is a potent inhibitor of keratinocyte 
proliferation. The mechanism of growth inhibition by TGFB appears to involve selective 
inhibition of expression of growth factor inducible genes necessary for cell proliferation. The 
keratinocytes also synthesize and release TGFR, but in a latent form; the major regulatory 
step in TGFR action may be at the level of activation of the latent form. Normal autocrine 
stimulation by TGFa and autocrine inhibition by TGFR is implied and changes in this autocrine 
regulation may be important in neoplastic transformation of epithelial cells. Both increased 
autocrine stimulation by endogenous TGFa or decreased inhibition by TGFR could lead to an 
increased proliferative potential and thereby contribute to the neoplastic phenotype. 
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c02i CSF-1 AND ITS RECEPTOR (THE c-fms PROTO-ONCOGENE PRODUCT) IN CELL TRANSFORMATION, 
Charles J. Sherr, Martine F. Roussel, Carl W. Retterunier, Esther F. Wheeler, and 

Jean Michel Heard, Department of Tumor Cell Biology, St. Jude Children’s Research Hospital, 
Memphis, TN 38105. 

The macrophage colony stimulating factor, CSF-1 or M-CSF, is a homodimeric glycoprotein 
that stimulates the proliferation, differentiation, and survival of cells of the mononuclear 
phagocyte lineage. A human 1.6 kb CSF-1 cDNA specifies a polypeptide that includes an N-ter- 
minal signal peptide (residues -32 to -l), a biologically active moiety (residues 1 - ca. 
165). a transmembrane spanning segment (residues 166-188) and a short C-terminal tail (resi- 
dues 189-224). The precursor is dimerized through interchain disulfide bonds, and external- 
ized on the plasma membrane as a 68 kd homodimer which is proteolyzed to yield a soluble 44 
kd growth factor. Truncation of the precursor after residue 158 results in the production of 
a soluble, biologically active growth factor that is rapidly secreted. A 4 kb CSF-1 cDNA en- 
codes a 554 amino acid polypeptide containing 298 additional amino acids interposed aminoter- 
minal to the transmembrane segment. Intracellular proteolysis of the larger precursor within 
its unique domain results in the rapid secretion of a 86 kd homodimer. Cotransfection of the 
human c-fms gene together with these CSF-1 cDNAs into mouse NIH-3T3 cells induces morphologic 
transformation and tumorigenicity in nude mice. By contrast, introduction of the 1.6 kb 
CSF-1 cDNA into a CSF-1 dependent mouse macrophage cell line abrogates its factor dependence 
but does not induce tumorigenicity, suggesting that mature macrophages are relatively refrac- 
tory to persistent autocrine signals which can transform fibroblasts. 

The v-fms oncogene product differs from the normal CSF-1 receptor by scattered point 
mutations and by a truncation of its distal carboxylterminus that removes a presumed negative 
regulatory site of tyrosine phosphorylation. The altered receptor functions constitutively 
rls a CSF-1 independent tyrosine kinase that is refractory to down modulation by CSF-1 and 
phorbol esters. Introduction of the v-fms gene into CSF-1 dependent macrophage or IL-3 de- 
pendent myeloid cell lines renders them factor independent and tumorigenic without affecting 
the synthesis, affinity, or turnover of normal CSF-1 or IL-3 receptors. To determine if the 
v-fms gene can directly initiate hematopoietic malignancies in animals, murine bone marrow 
cells infected with a v-fms-containing retroviral vector were used to reconstitute lethally 
irradiated mice. The majority of recipients contained dominant provirus-positive clones in 
their spleens which repopulated secondary lethally irradiated animals, giving rise to both 
erythroleukemias and B cell lymphomas. Thus, the v-fms gene can transform cells of several 
hematopoietic lineages both in vitro and in vivo, including those that do not normally ex- 
press CSF-1 receptors. 

Growth Factor Function In Vivo 
c 022 
NEOVASCULAR RESPONSE Andrew Baird, Pedro Cuevas, Am Gonzalez, Naoya Emoto, Jean-Jacques 
Feige and Patricia kralicke*, Laboratories f o r  Neumendocrinology, Salk  Insti tute,  La Jolla 
CA and *Department of NeUr06CienCe6, University of California, San Diego, CA 

The acidic (a) and basic (b) fibroblast growth factors (FGF) are characterized by 
their wide distribution in tissues, their high affinity for heparin and their capacity to 
modulate the cell growth and function of a wide number of cell types. Of these biological 
activities, it is their capacity to stimulate neovascularization that has gained the most 
attention. In all experimental models of angiogenesis. bFGF is capable of eliciting a sig- 
nificant neovascular response suggesting that it may be an invaluable tool in the therapeu- 
tic application of growth factors. As an example, the administration of bFGF t o  the proxi- 
mal stump of a severed sciatic nerve promotes the survival, growth and remyelination of the 
nerve possibly by increased vascularization to the tissue. Wken bFGF is administered in a 
similar paradigm to both the distal and proximal ends of the severed nerve, regenerating 
axons connect and the retrograde transport of horseradish peroxidase (HRP) t o  neurons in 
the lumbar spinal cord can be demonstrated suggesting successful regeneration of the tis- 
sue. Although similar effects can be seen in the absence of exogenous FGF, the rate of 
recovery is enhanced by the administration of the growth factor. Other examples of the in 
v i v o  applications of bFGF include regeneration of the optic nerve, vascularization of the 
vasa vasorum and angiogenesis in the CNS and under the kidney capsule. In each instance 
however, these procedures rely on the addition of exogenous growth factor to elicit a 
response. Little, if anything is known ahout procedures which might regulate the bioavail- 
ability of endogenous bFGF or aFGF even though they are present in the target tissues. To 
this end, the extracellular matrix (ECM) produced by endothelial cells has been used to 
examine the role that heparan sulfate and other related glycosaminoglycans (GAG) might play 
in regulating the secretion (crino-) and adhesion (-pexy) of FGF to the basement mem- 
brane. Results obtained with this model suggest that the binding of soluble factors in the 
ECM can be modulated by enzymatic degradation thus offering at least one mechanism to regu- 
late the bioavailability of FGFs. Possible alternative mechanisms for accessing biologic- 
ally active FGFs from the ECM include modifying the number of high affinity receptors on 
target cells and stimulating the formation of post translational modifications that might 
alter the affinity of FGFs €or GAGS. Each of these mechanisms will be discussed. 

FIBROBLAST GROKlg FACTORS, THB BxTaACELLIJLAR MATRIX AND THE REGOLATION OF THE 
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Institute for Cancer Research Melbourne Tumour Biology Branch), PO Royal Melbourne 

Royal Melbourne Hospital, Vic. 3050, Australia. 
Eemopoietic growth factors (HGF's) induce the production of blood cells both in vitro and 
in vivo. Although it is easier to assess the relevant biological effects of the EGF 
in vitro, where so many of the variables can still be controlled and/or measured, the EGF's 
stimulate the target cells to both proliferate and differentiate so that the 
interpretation of even the simplest experiments can be complicated. For example, many 
laboratories have observed that cells of the murine myelomonocytic leukemia WEEBI3B(D+) 
produce colonies containing differentiated monocytes and neutrophils when these cells are 
incubated with granulocyte-colony stimulating factor (G-CSF). Furthermore, when WEEI3B(D+) 
cells are treated with actinomycin D differentiated monocytes are produced. Analysis of 
the kinetics of WEEI3B(D+) proliferation and differentiation at low cell densities (<lo5 
cells/ml) indicated that G-CSF did not change the rate of proliferation nor were any 
differentiated cells produced. In contrast, actinomycin D (6.6 ng/ml) caused the 
WEHI3B(D+) cells to: stop proliferating, initiate maturation along the monocyte pathway 
and subsequently die. The addition of G-CSF 20 h after the beginning of the actinomycin 
treatment delayed cell death for up to 3 days and resulted in an accumulation of mature 
monocytes. G-CSF does not appear to induce the differentiation of WHI3B(D+) cells 
directly, but rather permits the survival of mature monocytes produced as a result of 
autocrine stimulation when the cells are cultured at high density (e.g. in an agar 
colony). 
The effects of growth factors in vivo will be even more difficult to interpret. 
Consequently, a numerical model of hemopoiesis based on growth factor stimulation of bone 
marrow has been developed. This model attempts to simulate cell production and growth 
factor synthesis, receptor binding and degradation in tissues at a wide range of cell 
concentrations (lo4 to 1O1O cells/ml). This model is used to investigate the influence of 
Gtl-CSF and G-CSF on the cell trafficking between the bone marrow, blood and tissue pools 
as well as its influence on the life span of mature cells. The properties of the model are 
evaluated by comparing the simulations with the actual effects of the two EGF's on 
hemopoietic regeneration in mice and humans. 

GROVTU FACTORS: CELL PRODUCTION, DIFFERENTIATION M U  DEATH, Antony Bur essl, 
Ralph BOhmerl, Robert Maxwell1, Gregory Johnson2 and George Morstyn 5 . lLudwig 

Eospital, Vic. 3050, Australia; '2 Walter 6 Eliza Hall Institute of Medical Research, PO 

C024 GROWTH FACTORS AND WOUND REPAIR, Katherine H. Sprugel, David G. 

University of Washington, Seattle, WA 98195. 
Repair of soft tissue injury is a complex sequential process involving cell 
migration, cell proliferation, cell differentiation, angiogenesis, and 
connective tissue deposition and remodeling. In considering the actions of 
growth factors in wound repair, two major questions arise. First, what role 
do endogenous growth factors play in the coordination of wound repair? 
Second, will growth factors, as pharmacologic agents, be useful in the 
clinical treatment of wounds? The reagents necessary to answer the first 
question are only just becoming available. However, recent successes in 
cloning and expressing a variety of growth factors on a large scale make it 
possible to consider therapeutic uses of these proteins and to address the 
second question. 

proliferation, extracellular matrix synthesis and destruction, and immune 
cell function, growth factors can potentially affect tissue repair at many 
levels. A number of practical issues complicate the evaluation of the 
effectiveness of growth-factors in promoting wound healing. The choice of 
wound type (e.g., incision, burn, or ulcer) and animal model can affect the 
ability to generalize results. Which growth factor(s) to apply, when to 
apply them, and in what vehicle are also significant variables. 
Complications arise when considering the effects of growth factor treatment 
in individuals with compromised wound repair. Finally, the question of 
adverse effects, local or systemic, immediate and long term, must be 
addressed. Experiences with PDGF will be used to illustrate strategies for 
assessing growth factor actions in wound repair. 

Greenhalgh* and Russell Ross. Departments of Pathology and Surgery*, 

By virtue of their effects in vitro on cell migration, cell 
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Program, F reder i ck  Cancer Research f a c i l i t y ,  F reder i ck  MD 21701. 

I n t e r l e u k i n  3 ( I L 3 )  suppor ts  t h e  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  o f  e a r l y  hematopo ie t i c  
stem c e l l s  and c e l l s  committed t o  severa l  mye lo id  l ineages.  I L3  a l s o  suppor ts  the  i n  v i t r o  
g rowth  o f  a v a r i e t y  o f  c e l l  l i n e s  es tab l i shed  f rom long  te rm bone marrow c u l t u r e s  o r  f rom 
pr imary ,  r e t r o v i r u s  induced mye lo id  leukemias. A l l  t he  I L 3  dependent l i n e s  examined express 
a s i n g l e  c l a s s  o f  h i g h  a f f i n i t y  receptors .  By c r o s s - l i n k i n g  and immunoprec ip i ta t ion  
exper iments,  t h e  p r imary  I L 3  b i n d i n g  p r o t e i n  has an apparent s i z e  o f  65 kd which i s  sma l le r  
t han  most g rowth  f a c t o r  recep to rs .  A l though t h e  I L 3  b i n d i n g  p r o t e i n  d i f f e r s  i n  s i z e  f rom t h e  
t y p i c a l  t y r o s i n e  p r o t e i n  k inase c o n t a i n i n g  growth  f a c t o r  recep to rs ,  a r o l e  f o r  t y r o s i n e  
p r o t e i n  phosphory la t i on  i n  I L 3  s igna l  t ransduc t ion  has been hypothesized. Th is  was i n i t i a l l y  
based on t h e  a b i l i t y  o f  a v a r i e t y  o f  oncogenes encoding t y r o s i n e  p r o t e i n  k inases t o  abrogate  
t h e  requ i rements  o f  t h e  c e l l s  f o r  IL3 .  I n  support  o f  a r o l e  f o r  t y r o s i n e  phosphory la t ion ,  
s t i m u l a t i o n  o f  f a c t o r  dependent c e l l s  w i t h  I L 3  r e s u l t s  i n  t h e  r a p i d  and s p e c i f i c  t y r o s i n e  
phosphory la t i on  o f  a number o f  p r o t e i n s  d e t e c t a b l e  by i s o l a t i o n  w i t h  monoclonal an t i bod ies  
aga ins t  phospho- ty ros ine .  The most r a p i d l y  phosphorylated p r o t e i n  i s  a membrane assoc ia ted  
g l y c o p r o t e i n  o f  140 kd. Subsequent ly a s e r i e s  o f  cy top lasmic  p r o t e i n s  become phosphoryl  ated. 
I n  c e l l s  made IL3  independent by  t rans fo rma t ion  w i t h  t h e  t y r o s i n e  p r o t e i n  k inase c o n t a i n i n g  
oncogenes &l, spc, fms and u, s i m i l a r  cy top lasmic  subs t ra tes  were c o n s t i t u t i v e l y  
phosphorylated. I n  a d d i t i o n  c e l l s  t rans formed w i t h  &J o r  spc had h ighe r  l e v e l s  o f  
phosphory la t i on  and a d d i t i o n a l  subs t ra tes  were phosphorylated. I n  f a c t o r  dependent c e l l s  I L 3  
r e g u l a t e s  t h e  l e v e l s  o f  t r a n s c r i p t s  o f  t h e  c - w  gene and o f  t h e  7 T c e l l  r ecep to r  genes. 
Abrogat ion  o f  I L 3  dependence by a, spc, fms and trk oncogenes r e s u l t e d  i n  t h e  c o n s t i t u t i v e  
express ion  o f  c - a .  I n  c o n t r a s t  o n l y  i n  &J and =transformed c e l l s  were the  7 T c e l l  
r ecep to r  genes c o n s t i t u t i v e l y  expressed. The r e s u l t s  suggest t h a t  t y r o s i n e  phosphory la t ion  
i s  i n v o l v e d  i n  I L 3  s igna l  t ransduc t ion  and t h a t  d i f f e r e n t  pathways o f  phosphory la t ion  may be 
i nvo l ved  i n  t h e  r e g u l a t i o n  o f  7 T c e l l  r ecep to r  and c-% t r a n s c r i p t s .  

Th i s  research  was supported by t h e  Na t iona l  Cancer I n s t i t u t e  under c o n t r a c t  N01-CO-23909 
w i t h  B i o n e t i c s  Research, I n c .  

MECHANISMS IN  INTERLEUKIN 3 MEDIATED GROWTH REGULATION OF EARLY MYELOID CELLS, 
James N. I h l e ,  Robert  I s f o r t ,  John L .  Cleveland and Yacob Weinstein,  Bas ic  Research 

c 026 REGULATION OF MYELOID AND LYMPHOID CELLULAR PROLIFERATION: DIFFERENTIAL EFFECTS 
OF TRANSFORMING GROWTH FACTOR 61 ON NORMAL AND LEUKEMIC CELLS. Franc is  Ruscet t i  , 

Garwin h ing ,  Sandra R u s c e t t i ,  La r ry  E l l i ngwor th ,  and Jonathan K e l l e r ,  Lab. o f  Mol. Immuno- 
r e g u l a t i o n  and Program Resources, Inc., BRMP., NCI-FCRF, Freder ick ,  MD, Lab. o f  Genet ics,  
Bethesda MD dnd Co l lagen Corp., Pa lo  A l to ,  CA. 
Transforming growth f a c t o r s  a re  po l ypep t ides  t h a t  can r e v e r s i b l y  induce c e r t a i n  non-neo- 
p l a s t i c  c e l l s  t o  undergo anchorage-independent growth. One o f  these, TGF 61, i s  a 25  Kd 
homodimeric p r o t e i n  w i th  bo th  growth-enhancing and g r o w t h - i n h i b i t o r y  p roper t i es .  
over,  i t  ac ts  as an impor tan t  immunomodulatory p r o t e i n  f o r  c e l l s  o f  t h e  immune system, 
i n h i b i t i n g  p r o l i f e r a t i o n  and immunoglobul in sec re t i on  o f  s t imu la ted  B c e l l s ,  i n t e r l e u k i n - 2 -  
dependent T c e l l  p r o l i f e r a t i o n  as w e l l  as NK c y t o t o x i c i t y .  We r e c e n t l y  examined t h e  
a f f e c t s  o f  TGF 61 on the  growth and d i f f e r e n t i a t i o n  o f  hematopo ie t i c  c e l l s .  
o f  f r e s h  un f rac t i ona ted  murine bone marrow by IL -3  and human marrow by GM-CSF was i n h i b i t e d  
by TGF 61 bu t  s t i m u l a t i o n  by G-CSF was n o t  a f fec ted .  Mouse and human hematopo ie t i c  co lony  
fo rma t ion  was d i f f e r e n t i a l l y  a f f e c t e d  by TGF 61.  CFUGEMM, t h e  most immature co lon ies  were 
i n h i b i t e d  by TGF 5 1  b u t  CFUG, CFUM and CFUE, t h e  more d i f f e r e n t i a t e d  un ipo ten t  g ranu locy te ,  
macrophage and e r y t h r o i d  p rogen i to rs  were n o t  a f fec ted .  I n  a d d i t i o n ,  t h e  a b i l i t y  o f  CSF-1 
t o  s t i m u l a t e  d i f f e r e n t i a t e d  macrophage and e r y t h r o p o i e t i n  t o  s t i m u l a t e  red  c e l l  ma tu ra t i on  
were n o t  a f f e c t e d  by TGF 51, even though e a r l y  events i n  hematopoiesis i n  which these 
molecules a re  co - fac to rs  were i n h i b i t e d .  TGF 61 was found t o  i n h i b i t  I L -3  induced growth 
w i t h i n  24  hours  i n  murine leukemic c e l l  l i n e s .  A f t e r  24  hours ,  t he  c e l l s  were s t i l l  v i ab le .  
Subsequent removal o f  t h e  TGF 51 r e s u l t s  i n  t h e  resumption o f  normal growth. I n  t h e  case o f  
NFS-60, a c e l l  l i n e  t h a t  responds t o  IL-3,  GM-CSF, G-CSF, CSF-1 and I L - 4  ( i n t e r l e u k i n - 4 ) .  
TGF 61 i n h i b i t e d  NFS-60 growth regard less  o f  t h e  growth f a c t o r  used. F r a c t i o n a t i o n  o f  
mouse marrow by monoclonal an t i bod ies  i n t o  the  most immature c e l l s  t h a t  s t i l l  respond t o  
I L - 3  showed t h a t  t h e  m u l t i p o t e n t  c e l l  development b u t  n o t  un ipo ten t  c e l l  development was 
i n h i b i t e d  by TGF 61.  Thus, t h e  a b i l i t y  o f  TGF 5 1  t o  b lock  hematopo ie t i c  p r o g e n i t o r  c e l l  
growth and d i f f e r e n t i a t i o n  depends on the  d i f f e r e n t i a t e d  s t a t e  o f  t h e  c e l l  and suggests 
t h a t  TGF 51 may be an impor tan t  r e g u l a t o r  o f  hematopo ie t i c  c e l l  growth. Studies on t h e  
e f f e c t  o f  TGF 51 on the  growth o f  f r e s h  human leukemic c e l l s  and leukemic c e l l  l i n e s  
revea led  t h a t  mye lo id  leukemias were i n h i b i t e d  bu t  t h a t  e r y t h r o i d  leukemias were n o t  
s e n s i t i v e  t o  TGF 61. I n  c o n t r a s t ,  lymphoid leukemias, whose normal c e l l u l a r  coun te rpa r t s  
were markedly i n h i b i t e d  by TGF 61 ,  were i n s e n s i t i v e  t o  TGF 5 1 .  
t h a t ,  a t  l e a s t  i n  t h e  case o f  lymphoid neop las ias ,  escape from t h e  nega t i ve  r e g u l a t i o n  o f  
TGF 61 may p lay  a r o l e  i n  pathogenesis o f  these diseases. 

More- 

S t i m u l a t i o n  

These r e s u l t s  suggest 
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Michael B. spom and Anita B. Raberts, Laboratory of Chemqmention, National 

Cancer I n s t i t u t e ,  Bethesda, Maryland 20892 
W e  have pmiaxsly suggested that peptide growth factors have a critical role in 

the pathogenesis ctf many proliferative and inflammatory diseases, including cancer, 
atherosclerosis, rheumatoid a r thr i t i s ,  psoriasis, id iopa th ic  pulmonary f i b r o s i s ,  
scleroderma, and cirrflosis of the liver. Recent studies on t h e  cellular and molecular 
m e c h a n i s m  of a& of transforming growth factor-beta (TGF-beta) now indicate t h a t  
this particular peptide may have an important role in many of these diseases. It is now 
knwn that TGF-beta can act as both a positive and negative autocrine o r  paracrine 
regulator for  the growth of many types of cells. TGF-beta is synthesized by a t  least 

types of inflammatory cells (platelets, macrophages, and lymphocytes), and may 
regulate the growth and differentiation of these very same cells, as in t h e  case of 
lymphocytes. It is also the m e  potent known c h e m o t a c t i c  agent for macrophages, being 
active at femtomolar concentratro ns. TGF-beta controls the growth and differentiation 
of both fibroblasts and endothelial cells, which often compose t h e  bulk of many 
proliferative lesions. Particularly important is t h e  ability of TGF-beta t o  regulate 
collagen gene expression, which is now known t o  be mediated by a functional binding 
site for the transcription protein, nuclear factor 1, on the collagen gene promoter. In 
collaboration with several clinical groups ( B e r t  Glaser & al., Johns Hopkins; Ronald 
Wilder & a& NIH),  w e  have b€yun to investigate the rale of TGF-beta in proliferative 
and inflammatory diseases of t h e  eye and joints, and preliminary r e s u l t s  of these 
s t u d i e s  w i l l  b e  presented.  

1. M .  B. Sporn and E. D. H a r r i s ,  Jr., Am. J- Med. 70, 1231-1236, 1981. 
2. M .  B. Sporn and A. B. Roberts, 2. u. I n v e s t .  78, 329-332, 1986. 
3. M. B. Sporn, A. 8. Roberts, L. M. Wakefield, and B. d e  Crombrugqhe, 

'IRPSJSFCiU4ING GF53hT-I FACrDR-BETA: ROLES I N  INFLAMMATION, REPAIR AND CANCER, 

- J. -- C e l l  Biol. 105, 1039-1045, 1987. 
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cO28 EXPRESSION OF A HEMOPOIETIC GROWTH FACPOR GENE I N  TRANSGENIC MICE, Richard A. 

Langl, Donald Metcalf2, R. Andrew Cuthbertson3, Ian Lyons3, Ed Stanley1, Anne 
Kelso2, George Kannourakis2, D. James Williamson2, Gordon K. Klintworth4, Thomas J .  Gondal 
and Ashle R. Dunnl. lLudwig Institute for Cancer Research (Melbourne Tumour Biology 
Branch), p'o Royal Melbourne Hospital, Vic. 3050, Australia; %alter & Eliza Hall Institute 
of Medical Research, PO Royal Melbourne Hospital, Vic. 3050, Australia; 3Howard Florey 
Institute for  Experimental Physiology, Parkville, Vic. 3052, Australia; 4Duke University 
Eye Center, Durham, NC 27710. 
Transgenic mice have been established that carry the murine granulocyte-macrophage colony 
stimulating factor (GM-CSF) gene expressed from the Mo-MLV promoter. Transgenic mice 
exhibit elevated levels of GM-CSF in serum, urine, peritoneal cavity and eye. The eyes of 
transgenic mice are opaque at birth, contain accumulations of macrophages and develop 
retinal damage. Similar accumulations of macrophages are evident in the peritoneal and 
pleural cavities. Peripheral blood and bone marrow white cell counts of apparently healthy 
transgenic mice are similar to those of littermate control mice. Moreover, transgenic mice 
exhibit a normal frequency of granulocyte macrophage progenitors which display a normal 
responsiveness t o  stimulation by various hemopoietic growth factors. 
After 6 weeks of age transgenic mice begin to die prematurely following a period of 
progressive weight loss and weakness in the hind limbs. At autopsy extensive cellular 
infiltration of striated muscle tissue is evident and is probably repsonsible for the 
premature death of these animals. Northern blot and hybridisation histochemical analysis 
of tissues from transgenic mice suggest that the macrophages themselves express the 
transgene. We are presently attempting to determine whether local tissue damage occurs by 
direct interaction with macrophages o r ,  indirectly, by the production of certain 
biologically active molecules by constitutively activated macrophages. 
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C029 PFF: MACROPHAGES AND CELL PROLIFERATION, Russell Ross, Elaine W. 
Raines, David K. Madtes, Christopher D. Renz, University of 

Washington, Department of Pathology, Seattle, WA 98195 
Both resident tissue macrophages and blood-borne monocytes can be activated 
to form several growth factors, including both chains of PDGF, TGF-alpha, 
FGF, IL-1, CSF-1, TGF-beta, and TNF. Induction of transcription and protein 
secretion occur to varying degrees and at different time intervals, depending 
upon the mode of activation. 
inflammatory responses and probably plays the key role in generation of these 
different growth factors dependent upon specific stimulation. The 
monocyte/macrophage is "activated" by lymphokines such as gamma-interferon. 
In addition, monocytes can become lipid-laden foam cells by incorporating 
lipid from diverse sources. It is not yet clear, however, whether foam cell 
formation represents monocyte activation. The growth factors released by 
activated macarophages can modulate proliferation and connective tissue 
formation by the local connective tissue cells and may be important in 
responses as diverse as wound repair, atherosclerosis, rheumatoid arthritis, 
and pulmonary fibrosis. 

The messages for two of these growth factors, PDGF and TGF-alpha, are 
not expressed in circulating monocytes unless activated by agents such as 
endotoxin or Con A. Transcriptional activation and induction of secretion in 
cultured monocytes in response to activation by these agents appears to be 
transient. Modulation of PDGF and TGF-alpha gene expression and secretion 
of these mitogens by monocytes treated with gamma-interferon, CSF-1, 
thrombin, or after conversion to foam cells will be presented. These 
represent probable local mediators released by other activated cells during 
wound repair and various disease processes. 

Monocyte infiltration is ubiquitous in all 

Late Additions 
c 030 EFFEerS OF ~ T O P O I E T I C  GFUWTH FAcMlRs I N  Vnro, D.G. Nathan, The Children's 

Primate recombinant I L  3 has multi-colony-stimulating activity i n  vitro and is a mre 
potent stimulus of erythroid burst forming units than granulocyte macrophage colony 
stimulating factor ( W C S F ) .  
in vim, we wished t o  determine the mesenchyml cell sources of the human hormone. 
In blood mnonuclear cells I L  3 messenger FNA (mRwL) was identified as early as s ix  
hours after activation with phytohemgglutinin (PHA) and p h o b l  rnyristate acetate 
(Pm) and continued t o  be expressed for up t o  5 days. 
confirmd by an IL  3 specific bioassay of the PHWPWI mnonuclear cell conditioned 
media on CML blast cells. 
remaining cell fraction consisting of T and NK lynphocytes was identified as the 
source of I L  3 mRNA. 
cel l  clone. Using conditions that are known t o  inhce W S F  mRNA expression, we 
were unable t o  detect I L  3 i n  mnoqtes, fibroblasts and endothelial cells. 
demonstrate that activated T lynphocytes appear t o  be the sole source of I L  3 
production m n g  the mnonuclear mesenchyml cells in blood and bone marrow. To 
study the role of different activation signals for IL  3 mFwA expression, we  examined 
the stimuli  necessary t o  induce the high I L  3 mRNA levels expressed in the gibbon T 
cell line MIA 144. 
kinase C activation. 

Hospital, Boston, W. 

In view of its potential hpx-tance as a hematopietin 

Production of IL  3 protein was 

After sequential depletion of mnocytes and B cells, the 

In addition, the mRNA was expressed by a proliferating helper T 

The data 

This expression seems t o  be largely d a t e d  through protein 
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c 031 EPIDEFM& GRCWI'H FACTOR: STRUCPURE AND FUNCTION, Antony Burgess, Christopher 
Lloyd, Louis Fabri, Wuard Stanley, Sandra Smith and Edouard N i c e .  Ludwig 

Ins t i tu te  fo r  Cancer Research (&lbourne Tumour Biology Branch), PO Royal Melbourne 
Hospital, V i c .  3050, Australia. 
Derivatives of the murine epidermal growth factor (EGF), a 53-amino acid protein, have 
been produced by enzymic digestion, si te-specific chemical reactions, and by bacteria. 
After trypsin digestion t h e  FGF derivatives FGF1-48 (called EGF-T) and EGF1-45 (called 
FXT-Tz) were separated from the  residual FGF and the  C-terminal pentapeptide by reversed 
phase high performance liquid chromalrography. 
with the  same efficiency as FGF. 
ac t iv i ty  even a t  100 nM. 
cells were indistinguishable. 
derivatives FGF-T-(des-argq8) and FGF-T-des(leu47-arg48). 
diminution in the binding efficiency and mitogenic potency for  EGF-T-deS-argq8. 
there was a considerable decrease i n  the binding efficiency and mitogenic ac t iv i ty  of FGF- 
T-des(leu47-ary48). 
the  formation of the ligand receptor complex. 
indicated that the C-terminus of EGF was susceptible t o  enzymic digestion, however, the N- 
telminus appears t o  be folded in to  a conformation which prevents proteolytic digestion. 
Truncation of the N-terminus was achieved by preparing an FLF-T analogue by using a 
bacterial  beta-galactosidase expression vector. 1251-labeled FGF lysgl(4-48) bound t o  the 
FXT receptor with high a f f in i ty  (Kd-4 pM) and had the  same potency as EGF i n  the  Balb/c 
3T3 mitogenic assay. Although the  ly s  for met substi tution a t  position 21 did not affect  
the ac t iv i ty  of EQ?, disruption of t he  central anti-parallel-beta-shet structure a t  met21 
by t rea t ing  EQ? w i t h  cyanogen bromide reduced both the  binding efficiency and mitogenic 
ac t iv i ty  of FGF more than 1,000-fold. 

FGF-T competes for  binding t o  FGF receptors 
The EGF-T2 derivative had no detectable receptor binding 

The i n  v i t ro  mitogenic potencies of EGF and FGF-T fo r  Balb/c 3T3 
Treatment of EGF-T with ca rbxypp t idase  Y yieldedtwo 

There was only a 3- t o  4-fold 
However, 

These resu l t s  indicated that leu47 is an important determinant for 
Studies with a series of proteases 
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C 100 INCREASED LEVELS OF A BOMBESIN-LIKE PEPTIDE I N  THE BRONCHOALVEDLAR LAVAGE FLUID OF 
SMOKERS. S. Aguayo, FI. Karie, T. Kiiiy, 14. Schwarz, L. Grauer and Y .  M i i l e r ,  Denver V A  

Medical Center, National Jewish Hospi ta l  and UCHSC, Denver, CO aiid t lybri tech, San Oiego, CA. 
Abnormal c e l l  p r o l i f e r a t i o l ,  o f  the bronchia l  ep i the l ium i s  a ha1 loark o f  tobacco-associated 
luny diseases. The wchan isn  by which t h i s  abriormal c e l l  p r o l i f e r a t i o n  occurs i s  c u r r e n t l y  
unclear b u t  deregulat ion i n  product ion o f  growth f a c t o r s  could be impl icated.  We have 
examined bronchoalveolar lavage (BAL) f l u i d  from smokers and non-smokers, usin9 both h i y h  
perforhiance l i q u i d  chromatography (HPLC) and itiiniunological techniques. BAL f l u i d  frorii 
smokers f requen t l y  contains a v a r i e t y  o f  peptides no t  seen i n  non-smokers. Ite have 
i d e n t i f i e d  one such peptide as bei i iy inniuriological ly r e l a t e d  t o  bonibesin and i t s  niarcmal-iari 
counterpart,  g a s t r i n  re leas ing  pept ide (GRP). The concentrat io i i  o f  t h i s  bombesin-like 
pept ide (BLP) i n  the BAL f l u i d  o f  smokers (talean 194.8 ny/hii) i s  s i g i i i f i c a n t l y  higher than 
the l e v e l s  o f  BLP i n  the BAL f l u i d  o f  non-smokers (olean 49.1 i ig/ml) ,  as determined by our 
ELISA (p<O.OOl, Studerit 's t - t e s t ) .  A pept ide t h a t  e lu tes  iiear the standard r e t e n t i o n  
times f o r  bombesin and GRP 14-27 i n  reverse phase HPLC i s  responsible f o r  a l l  the 
bombesin-like immunoreactivi ty contaitied i n  the BAL f l u i d ,  The leve ls  o f  BLP i n  the BAL 
f l u i d  are no t  r e l a t e d  t o  the amount o f  p r o t e i n  o r  c e l l u l a r  components i n  the BAL f l u i d .  
Thus, tobacco smoking causes a s p e c i f i c  increase o f  BLP i n  the l ove r  resp i ra to ry  t r a c t  o f  
humans. Since bombesin i s  a growth f a c t o r  f o r  normal hurliari bronchia l  e p i t h e l i a l  c e l l s ,  
it i s  poss ib le  t h a t  the BLP detected by our irntiiunoassay leads t o  increased p r o l i f e r a t i o n  o f  
the bronchia l  ep i the l ium i n  v ivo.  

c101 THE EGF SYSTEM AS PREDICTORS FOR PROGNOSIS OF GYNECOLOGIC CARCINOMAS, 
Thomas Bauknecht ,  Universitats-Frauenklinik, 78 F r e i b u r g ,  Hugstet ters t r .  55, 
FRG. 

Studies on the express ion of  EGF receptors  (EGF-R) a n d  EGF l i k e  factors  (EGF-F) in 
o v a r i a n  a n d  b reas t  carcinomas i n d i c a t e  a n  associat ion w i t h  the aggress ive behav iou r  
of these carcinomas. I n  t h i s  s tudy we ana lyzed  the express ion o f  EGF-R a n d  EGF-F in 
o v a r i a n ,  endometr ia l ,  b reas t ,  c e r v i c a l  a n d  v u l v a r  carc inomas a n d  we co r re la ted  the 
express ion w i t h  r e l e v a n t  c l i n i c a l  prognost ic  c r i t e r i a s .  The EGF-R were measured b y  
EGF two p o i n t  binding assay, the EZF-F were ana lyzed  b y  EGF radioreceptor  assay 
(EGF R R A ) ,  EGF R ia  a n d  TGF4 Ria. 
Fo l l ow ing  co r re la t i ons  were found: increased binding s i tes o f  EGF-R in  poor l y  d i f f e ren -  
t i a t e d  squamous c e l l  carcinomas; i nve rse  r e l a t i o n  of  s te ro id  hormone a n d  EGF receptor  
s ta tus  in  breast ,  endometr ia l  and o v a r i a n  carcinomas; a high number of  l y m p h  node 
nega t i ve ,  EGF-13- s te ro id  hormone receptor+ :!Teast carcinomas; high responserate on 
chemotherapy of  EGF-R o v a r i a n  carcinomas. The co r re la t i on  of  EGF-F leve ls  w i t h  pa-  
t i e n t s  prognosis  showed a n  associat ion of EGF-F leve ls  over  6 ng/mg w i t h  poor progno-  
s is .  The use of EGF RRA, EGF- a n d  TGFd - Hia demonstrated t h a t  EGF-F consis t  o f  
TGFoc a n d  components. From these resu l t s  can  be concluded t h a t  t he  parameters of  
the EGF system can  be t a k e n  as i n d i c a t o r s  for prognosis .  We assume t h a t  the g rowth  
p a t t e r n s  o f  some tumors a r e  regu la ted  i n  a p a r a -  or  au toc r ine  fashion of  the EGF 
system. 

c 102 

Mail Code L-940. P .O.  Box 1539 King o f  Prussfa, PA 19406-0939. The proton NMR resonances 
o f  human Transforming Growth Factor alpha (TFG- ) have been competely assigned and 
secondary structural  elements were ident i f i ed .  Three dimensional structures generated 
using distance geometry algorithms w i l l  be compared t o  the reported structures of murine 
( 1 )  and human ( 2 )  epidermal growth fac tors .  These growth fac tors  are  reported t o  bind t o  
the same receptor in-vivo, though they share only 30% sequence s imi lar i ty  ( 3 ) .  Potential  
in terac t ions  with t h i s  receptor w i l l  be discussed.  

I )  C . T .  Montelione et a l . ,  Proc. Natl .  Acd. Sc i  USA 84: 5226-5230 (1987).  
2 )  R . M .  Cooke et a l . ,  Nature 327: 339-341 (1987).  
3 )  J .  Massague, J.  Biol. Chem 258: 13614-13620 (1983).  

SOLUTION STRUCTURE OF TRANSFORMING GROWTH FACTOR- 
Brown, Luciano Mueller and Peter J e f f e s ,  Smith Kline 6 French Laboratories,  

BY NMR METHODS, Stephen C. 
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C.L. C a s t i g l i a ,  M. Revel, M. F i r p o ,  J.L. G a b r i l o v e .  L. Souza and M.A.S. Moore, 
S loan-Ket te r ing  I n s t i t u t e ,  N Y ,  N Y  10021 and Amgen Corp . ,  Thousand Oaks,  CA 91320. 
The s i n g l e  and combined e f f e c t s  of rhG-CSF and r h  be ta -1  i n t e r f e r o n  (B-1 IFN) upon human 
leukemic c e l l  models h a s  been s t u d i e d  a t  t h e  c e l l u l a r  and m o l e c u l a r  l e v e l s .  Although G-CSF 
d o e s  n o t  produce o v e r t  morphologica l  change i n  monomyelocytic U937 cells  (perhaps  as a 
r e s u l t  of t h e i r  c o m i t t m e n t  t o  monocytic d i f f e r e n t i a t i o n ) ,  6 d a y s  e x p o s u r e  t o  10,000 U / m l  
G-CSF does  i n h i b i t  p r o l i f e r a t i o n  t o  72-78% t h a t  of  c o n t r o l  c u l t u r e s  w i t h  v i a b i l i t y  
main ta ined  a t  g r e a t e r  t h a n  95%. 
U937 p r o l i f e r a t i o n  ( t o  42-46% t h a t  of c o n t r o l ) ,  b u t  r e d u c e s  v i a b i l i t y  t o  80-90% by day 6. 
When U937 c e l l s  a r e  t r e a t e d  w i t h  a combina t ion  of t h e s e  two r e a g e n t s  f o r  6 d a y s ,  
p r o l i f e r a t i o n  d r o p s  t o  26-28% of c o n t r o l ,  and v i a b i l i t y  d e c l i n e s  t o  66-78%. 
p r e - i n c u b a t i o n  w i t h  500 U / m l  B-1 IFN fo l lowed by e x p o s u r e  t o  10,000 U / m l  G-CSF i n  the 
cont inued  p r e s e n c e  of B-1 IFN f u r t h e r  r e d u c e s  p r o l i f e r a t i o n ,  t o  13% o f  c o n t r o l  w i t h  75% 
v i a b i l i t y ,  whereas d i s c o n t i n u a t i o n  of B-1 IFN a l l o w s  t o  t h e  c e l l s  t o  r e c o v e r  t o  40% of 
c o n t r o l  growth w i t h  94% v i a b i l i t y  w i t h i n  6 days .  The e f f e c t s  of  these m a n i p u l a t i o n s  on t h e  

THE EFFECTS OF RECOMBINANT HUMAN G-CSF AND BETA-1 INTERFERON I N  LEUKEMIA 

B-1 IFN, a t  a c o n c e n t r a t i o n  of 500 U / m l ,  l i k e w i s e  i n h i b i t s  

A two day 

e x p r e s s i o n  o f  c-myc, c - f p s ,  c-fms and + are c u r r e n t l y  under  examinat ion  u s i n g  Nor thern  
a n a l y s i s  and i n  s i t u  h y b r i d i z a t i o n .  

B-1 IFN w a s  i n e f f e c t i v e  i n  i n h i b i t i n g  p r o l i f e r a t i o n  of t h e  promyelocyt ic  HL-60 
leukemic c e l l  l i n e .  
IFN-induced 2’5’ o l igo(A)  s y n t h e t a s e  i n  a l l  HL-60 c e l l s  t e s t e d .  

We b e l i e v e  t h i s  may i n  p a r t  b e  due  t o  c o n s t i t u t i v e  e x p r e s s i o n  of t h e  

C 104 EVIDENCE FOR E6F INDUCED RECEPTOR DIHERIZATION IN LIVIffi CELLS USIW A CHEMICAL 
COVALENT CROSS-LINKIffi AGENT. 
C. Cochet , 0. Kasheles’, E.M. Chambaz*, I. Borrello’, C.R. King’ and 
3. Schl essi nger’, 
Centre d‘Etudes Nucleaires, 85X, 38041 Grenoble cBdex. France. ’ Rorer Biotechnology Inc., 4 Research Court, Rockville, MD 20850, USA. 

Laboratoire de Biochimie des Regulations Cellulaires Endocrines, LBIO, DRF, 

The receptor for epidermal growth factor is a transmembrane protein composed of an 
EGF-binding domain and a cytoplasmic kinase domain connected by a single hydrophobic 
stretch. We have used the soluble covalent cross-linking agent (EDAC) to show that EGF 
stimulates the dimerization of purified EGF-receptor, of EGF-receptor in membrane 
preparations and in intact A-431 cells. Three independent approaches including 
biosynthetic labeling, surface iodination and imnunoblotting experiments were utilized to 
follow EGF-receptor dimerization in living A-431 cells. They provided consistent results 
indicating that EGF induced rapid dimerization of EGF receptor in living cells, 
suggesting that this process may play a role in transmembrane signalling mediated by EGF. 

c 105 INTERCONVERSION OF cAMP AND TPA-RESPONSIVE DNA ELEMENTS, Paul J. Deutsch, 

General Hospital, Boston, MA 021 14. 
Many genes which a re  transcriptionally regulated by the tumor promoter TPA via the protein kinase 
C pathway share a short  7 bp  sequence in their  5’-flank similar to  S’TGA (C or G )  TCA3’. A 
closely related 8 bp  sequence, S’TGACGTCAY, is found in many genes inducible by CAMP. Inasmuch 
as elevation of cAMP versus the activation of protein kinase C by growth factors can have similar 
or  contrasting consequences, we sought to evaluate the degree of cross-talk between the  two 
pathways a t  the level of gene activation. O u r  model system involved C A T  constructs containing the 
alpha gonadotropin promoter transfectcd into JEG-3 choriocarcinoma cells. This  promoter-cell pair 
is extremely receptive to CAMP-responsive enhancers. Constructs containing the  above 8 bp 
sequence alone or i n  the context of the  surrounding 10 bases present in the alpha, VIP or somato- 
statin (CAMP-responsive) genes, inserted 5’ to  the alpha promoter were stimulated 30-fold by cAMP 
analogues. T h e  identical  octamer, when surrounded by other short  sequences, including those 
present in CAMP-unresponsive genes which contain the identical  octamer, could not confer CAMP- 
responsiveness. Insertion of a single G into a minimally-sized TPA-responsive element containing 
the heptamer S’TGACTCA3’ was sufficient to  entirely eradicate the 8-fold TPA-stimulatibility as 
well as confer 30-fold CAMP-responsiveness. T h e  abil i ty to actually interconvert  TPA and CAMP- 
responsive sequences by the addition or subtraction of one base and  comparisons of their prefer- 
ences for certain contextual sequences over others has considerable physiologic and  mechanistic 
implications. 

James P. Hoeffler,  Lar ry  Jameson, Julia C. Lin, and  Joel F. Habener, Massachusetts 
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Laminin a mul t i func t iona l  g lycopro te in  present  i n  a l l  basement membranes a c t s  a s  a 
mediator  between c e l l s  and o t h e r  components o f  t h e  e x t r a c e l l u l a r  matr ix  and is d i scussed  
t o  be recognized by one o r  more r ecep to r s  and t o  be of  major importance i n  development and 
maintenance o f  c e l l u l a r  o rgan i sa t ion .  The cys t e in - r i ch  mot i f s  of t h e  sequence of one o f  
t h e  t h r e e  polypept ide cha ins  o f  laminin show remote r e l a t i o n  t o  epidermal  growth f a c t o r  
(EGF). Th i s  prompted u s  t o  sea rch  f o r  growth f a c t o r - l i k e  a c t i v i t i e s  of laminin and 
fragments der ived from it, as we l l  as f o r  poss ib l e  i n t e r a c t i o n s  wi th  t h e  EGF-receptor. 
Fragment 1 comprises rod-l ike r eg ions  of t h e  t h r e e  s h o r t  arms and is composed of about  15  
cys t e ine - r i ch  domains which show the  resemblance t o  EGF. A l a r g e r  fragement 1-4 comprises 
a l l  t h r e e  s h o r t  arms, but l a c k s  t h e  long arm, which i n  t u r n  inc ludes  fragments 3 and 8. 
Mitogenic a c t i v i t y  comparable t o  t h a t  observed f o r  EGF was indeed observed f o r  laminin and 
those  fragments o f  laminin which con ta in  EGF-like domains (fragments 1-4 and 1) but n o t  
fo r  fragments comprising o t h e r  r eg ions  of t h e  molecule (fragments 3 and 8). Thymidine 
inco rpora t ion  was s t imu la t ed  f o r  Swiss 3T3 c e l l s  but no t  f o r  a v a r i a n t  c e l l  l i n e  NR6 which 
l acks  t h e  EGF-receptor. Direct  i n t e r a c t i o n  o f  laminin and i t s  a c t i v e  fragments w i th  EGF- 
r ecep to r  was demonstrated by equ i l ib r ium chromatography and o t h e r  techniques.  The 
expres s ion  of a l o c a l i z e d  growth f a c t o r  a c t i v i t y  on laminin i s  considered t o  be of 
importance i n  t h e  formation of e p i t h e l i a l  c e l l  l a y e r s  and i n  t i s s u e  r e p a i r .  

GROWTH FACTOR LIKE DOMAINS I N  LAMININ, P. End and J. Engel,  i n  c o l l a b o r a t i o n  wi th  
G. Panayotou, MRC, London and R. T i m p l ,  Max-Planck-Insti tut  f u r  Biochemie. 

c 107 STKUCTURE/FLNCTION STUDIES OF HUMAN EPIDERMAL GROWTH FACTOR BY SITE-DIRECTED 
MUTAGENESIS, David A. Engler ,  Rise  K. Matsunami, Stephen R, Campion, Audrey Stevens 
and S a l i l  K. Niyogi, The Univ. of Tenn. Oak Ridge Graduate School of Biomedical 
Sciences and The P r o t e i n  Engineering Program, Biology Div i s ion ,  Oak Ridge Nat ional  
Laboratory,  Oak Ridge, TN 37831. 

A s y n t h e t i c  chimeric  gene, con ta in ing  the  DNA coding f o r  t he  human epidermal growth f a c t o r  
(EGF) and t h a t  f o r  t he  s i g n a l  pep t ide  o f  E.  c o l i  a l k a l i n e  phosphatase,  was cloned i n t o  
E .  c o l i  under the t r a n s c r i p t i o n a l  c o n t r o l  of t h e  t r p - l a c  ( t a c )  promoter. Following 
induc t ion  wi th  isopropylthiogalactoside, the  s e c r e t i o n  of EGF i n t o  the  E.  c o l i  pe r ip l a smic  
space was confirmed by i t s  s p e c i f i c  binding t o  t h e  EGF r e c e p t o r  and s t i m u l a t i o n  of t he  EGF 
r e c e p t o r  t y r o s i n e  kinase a c t i v i t y .  Following p u r i f i c a t i o n  t o  homogeneity, t h e  primary 
sequence of the  recombinant p r o t e i n  was determined and found t o  be i d e n t i c a l  t o  t h a t  of 
a u t h e n t i c  human EGF a s  r epor t ed  by Gregory and P res ton  ( I n t .  J. Pept ide P r o t e i n  Res, 9: 
107-118, 1977). S tud ie s  of s t ruc tu re - func t ion  r e l a t i o n s h i p s  by s p e c i f i c  a l t e r a t i o n s  of 
t a rge ted  amino a c i d  r e s idues  i n  the EGF molecule by o l igonuc leo t ide -d i r ec t ed  mutagenesis 
w i l l  be r epor t ed .  Resul ts  show t h a t  changes of s e v e r a l  amino a c i d  r e s idues  s i g n i f i c a n t l y  
a l t e r  r e c e p t o r  binding a c t i v i t y .  (Operated by Mart in  Mar i e t t a  Energy Systems, Inc. ,  w i th  
the  U.S. Dept. of Energy. DAE and RKM a r e  supported by N C I  and NIGMS predoc to ra l  and SRC 
by N C I  pos tdoc to ra l  t r a i n i n g  g r a n t s  t o  Univ. of Tenn. Oak Ridge Graduate School of 
Biomedical Sciences) .  

-- 

C 108 DISULFIDE DELETION STUDIES OF RECOMBINANT HUMAN TRANSFORMING GROWTH FACTOR ALPHA, 
Richard N. Harkins and John W. Brandis, T r i t o n  Biosciences Inc., Alameda, CA 94501. 

Mutants o f  human Transforming Growth Factor-Alpha (hTGF-a) have been generated i n  which each 
o f  the three p a i r s  o f  cyste ine residues invo lved i n  d i s u l f i d e  bonds have been subs t i t u ted  t o  
serine residues by s i t e  d i rec ted  mutagenesis. S ing le base changes were made (TGC t o  TCC) i n  
the DNA sequence f o r  hTGF-a a t  amino ac id  coding pos i t i ons  Cys 8 and Cys 21, Cys 16 and Cys 
32, and Cys 34 and Cys 43 by o l i gonuc leo t i de  synthesis o f  DNA fragments con ta in ing  the 
desired cyste ine t o  ser ine changes. 
minus (Cys 8 SerlCys 21 Ser), B minus (Cys 16 Ser/Cys 32 Ser), and Ser), and C minus (Cys 34 
SerlCys 43 Ser) were i n d i v i d u a l l y  cloned and expressed i n  E. c o l i  as fus ion  p ro te ins  
conta in ing 15 add i t i ona l  residues a t  the TGF-Q NH, terminus. mutant TGF-Q fus ion  
prote ins were p u r i f i e d  by reverse phase HPLC, t rea ted  w i t h  cyanogen bromide t o  remove the 
NH,-terminal extension and t o  generate mature TGF-Q, and re fo lded  by a i r  ox idat ion.  The 
d i s u l f i d e  arrangement o f  each refo lded mutant was determined by i s o l a t i n g  and cha rac te r i z ing  
the d i s u l f i d e  peptides generated by thermolys in  d iges t i on  and HPLC pept ide mapping. Each o f  
the mutants was tes ted  f o r  b i o l o g i c a l  a c t i v i t y  by compet i t ion f o r  epidermal growth f a c t o r  
(EGF) receptors on A431 c e l l s .  The re fo lded  B minus and C minus TGF-Q mutants were 
completely unable t o  d isp lace 125I-EGF b ind ing  a t  concentrat ions o f  up t o  18.0 and 26.3 pg 
per  m l  respect ive ly .  
TGF-a i n  competing f o r  b ind ing  t o  the EGF receptor. 

The th ree  mutant DNA coding sequences, designated A 

The re fo lded  A minus p r o t e i n  was 0.4% as a c t i v e  as n a t i v e  re fo lded  

81 



Growth Factors and Their Receptors: 
Genetic Control and Rational Application 

C 109 AUTOCRINE STIMULATION OF INTRACELLULAR PLATELET-DERIVED GROWTH FACTOR RECEPTORS 
I N  V-=-TRANSFORMED CELLS, Mark T. Kea t ing  and Lewis T .  Wil l iams,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  Department o f  Medicine, Card iovascu la r  Research I n s t i t u t e .  Howard 
Hughes Medical  I n s t i t u t e ,  San Franc isco ,  CA.. 94143. 

Autocr ine  a c t i v a t i o n  o f  p l a t e l e t - d e r i v e d  growth f a c t o r  (PDGF) recep to rs  i s  t h e  mechanism 
o f  t rans fo rma t ion  by  t h e  v - h  oncogene. 
normal c e l l s ,  a u t o c r i n e  mechanisms may i n v o l v e  unique pathways o f  r e c e p t o r  a c t i v a t i o n .  
Using a n t i  recep to r  and an t iphosphoty ros ine  an t i bod ies  i n  me tabo l i c  l a b e l i n g  exper iments,  
we have i d e n t i f i e d  precursor ,  mature and a c t i v a t e d  forms o f  t h e  recep to r  i n  
v---transformed c e l l s .  
w i t h  3%-methionine i n  these c e l l s  and was r e s i s t e n t  t o  t r y p s i n .  
a c t i v a t i o n  occur red  b e f o r e  the  recep to r  cou ld  reach t h e  c e l l  sur face .  
t h e  recep to r  was immedia te ly  d i v e r t e d  t o  a ch lo roqu ine  and ammonium c h l o r i d e  s e n s i t i v e  
degradat ion  pathway. 
shor ten ing  o f  recep to r  h a l f  l i f e  (10 min) compared t o  recep to r  h a l f  l i f e  i n  normal c e l l s  
( 3  hours).  
mechanisms can p l a y  a r o l e  i n  c e l l  t r ans fo rma t ion .  

S ince  the  a d d i t i o n  o f  PDGF does n o t  t rans fo rm 

A c t i v a t e d  recep to r  was de tec ted  30 min a f t e r  p u l s e  l a b e l i n g  
Thus, recep to r  

A f t e r  a c t i v a t i o n  

Th is  pathway i n  v-SiS t rans formed c e l l s  caused a dramat ic  

These f i n d i n g s  show t h a t  i n t r a c e l l u l a r  a c t i v a t i o n  o f  recep to rs  by au toc r ine  

c 110 INTERACTION OF THE EGF KECEPTOR AND p185, Yasuo Kokai, Kunio Dobashi, Jeffrey A. 

The neu oncogene encodes a cell surface glycoprotein, p185, with tyrosine kinase activity 
that appears to be a growth factor receptor. p185 is homologous to the epidermal growth 
factor receptor (EGFR) but is the product of a distinct gene. The normal and oncogenic 
neu proteins differ by a single Val to Glu substitution in the transmembrane domain. The 
tissue and stage-specific expression of p185 in rat development share some features with 
EGFR. Using cell lines expressing EGFR and either oncogenic p185(p185T) or proto- 
oncogenic p185(p185N), we confirmed that the EGFR and p185 are distinct. EGF did not bind 
to immunoprecipitated p185; p185 specific monoclonal antibodies did not bind to 
immuoprecipitated EGFK. EGF and the phorbol ester, TPA, stimulated the phosphorylation of 
p185N in vivo but reduced the phosphorylation of p185T in a dose dependent manner. 
Incubation of cells with EGF did not affect the level of expression of p185T or p185N. In 
contrast, TPA treatment increased surface expression of p185T. 
that the expression of function of p185 may be regulated via interaction with EGFR and the 
protein kinase C system, and that the transforming point mutation of p185 may alter these 
interact ions. 

Cohen and Mark I. Greene, University of Pennsylvania, Philadelphia. PA 19104. 

These findings suggest 
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c 112 R:LATlONSHIP BETWEEN CELL G R O W T H .  NUCLEAR ONCOGENE E X P R E S S i O N  AN0 O I F F E R E N T I U T I O N  I N  MURINE ERYTHROLEU- 
KAEMIA CELLS, J e a n - J a c q u e s  LAWRENCE. S a a d i  KHOCHBIN, E t i e n n e  PRINCIPAUO, B r u n o  FRANZETTI. Agnes 

CHABANAS. L a b o r a t o i r e  d e  B i o l o g i e  M o l e c u l a i r e  du C y c l e  C e l l u l a i r e ,  INSERM U 309. 85 X 38041 GRENOBLE CEDEX. FRANCE. 
M u r i n e  E r y t h r o l e u k a e n i a  c e l l s  a r e  d e r i v e d  f r o m  e r y t h r o i d  p r e c u r s o r  a f t e r  t r a n s f o r m a t i o n  b y  t h e  F r i e n d l s  

v i r a l  c o n p l e x e .  They can r e s u m e  a d i f f e r e n t i a t i o n  p r o g r a m  u n d e r  t h e  a c t i o n  o f  HMBA. We h a v e  s t u d i e d  t h e  v a r i a t i o n s  
i n  t h e  c e l l  c y c l e  p a r a m e t e r s ,  H i s k o n e  H I Q  c o n t e n t  and t h e  e x p r e s s i o n  o f  c-myc. c-myb, p 5 3 ,  i n  o r d e r  t o  b e t t e r  
u n d e r s t a n d  t h e  m o l e c u l a r  e v e n t s  u i c h  o c c u r  b e f o r e  commitment  t o  d i f f e r e n t i a t i o n .  C e l l  g r o w t h  u n d e r u e n t  i m p o r t a n t  
m o d i f i c a t i o n s  d u r i n g  t h e  e a r l y  t i m e s  o f  i n d u c t i o n  o f  d i f f e r e n t i a t i o n .  A t r a n s i e n t  l e n t h e n i n g  of  b o t h  G I  and G 2 / M  
was o b s e r v e d ,  a f t e r  w h i c h  c e l l s  resumed a n o r m a l  c e l l  c y c l e ,  as compared t o  t h e  u n i n d u c e d  p o p u l a t i o n .  H i s t o n e  H1° 
was f o u n d  t o  a c c u m u l a t e  d u r i n g  t h i s  t i m e ,  and d e c r e a s e d  a g a i n  a s  t h e  c e l l s  r e e n t e r e d  a n o r m a l  p r o l i f e r a t i o n  c y c l e .  

The t h r e e  o n c o g e n e s  t e s t e d  s h o u e d  a d r a s t i c  f a l l  i n  t h e  a c c u m u l a t i o n  O f  t h e i r  m R N A ' s .  a s  e a r l y  as 1 / 2  
h o u r  a f t e r  t h e  i n p u t  o f  t h e  i n d u c e r .  We s t u d i e d  t h e  c o n t r o l  l e v e l  o f  such r e g u l a t i o n s  : c - n y c  and c-nyb mRNA's w e r e  
b o t h  f o u n d  r e g u l a t e d  a t  a t r a n s c r i p t i o n n a l  l e v e l ,  n i t h o u t  t h e  p r e r e q u i s i t e  O f  d e  n o v o  p r o t e i n  s y n t h e s i s ,  ( a s  s e e n  
i n  c y c l o h e x i m i d e  e x p e r i m e n t s ) .  A f t e r  1 0  h o u r s  o f  i n d u c t i o n  c-myb RRNA r e m a i n e d  a t  s t a t i o n a r y  l o w  l e v e l ,  b u t  c-myc 
mRNA s t a r t e d  t o  a c c u m u l a t e  a g a i n  and r e a c h e d  a s t e a d y  s t a t e  l e v e l  o f  a b o u t  50 % o f  t h e  o r i g i n a l  v a l u e .  p53 b e h a v e d  
d i f f e r e n t l y  i n  t h a t  t h e  c o n t r o l  l e v e l  o f  t h e  doun r e g u l a t i o n  Mas p o s t - t r a n s c r i p t i o n n a l  and i n v o l v e d  t h e  s y n t h e s i s  
o f  a R N A  c o m p o n e n t  w h i c h  i s  p r o b a b l y  p a r t  o f  t h e  d e g r a d a t i o n  p r o c e s s  s p e c i f i c  f o r  p 5 3  m R N A .  The s t u d y  of  t h e  
p r o t e i n  a c c u n u l a t i o n  was p o s s i b l e  f o r  t h i s  oncogene.  and was p e r f o r m e d  a s  a f u n c t i o n  o f  t h e  t i m e  of  i n d u c t i o n  and 
c e l l  c y c l e  p r o l i f e r a t i o n .  Y e  f o u r d  t h a t ,  d e s p i t e  t h e  f a c t  t h a t  t h e  c e l l s  r e e n t e r e d  t h e  S phase.  t h e  p r o t e i n  
r e n a i n d e d  a t  a l o u  l e v e l ,  r u l i n g  o u t  a d i r e c t  r o l e  i n  t h e  c e l l  p r o l i f e r a t i o n  c o n t r o l .  The r e s u l t s  w i l l  be d i s c u s s e d  
i n  tepms o f  a p o s s i b l e  i n v o l v i n e o t  o f  t h e s e  n u c l e a r  p r o t e i n s  i n  t h e  m o d u l a t i o n  o f  s t r u c t u r a l  s t a t e s  o f  c h r o m a t i n  
a l l o w i n g  an o v e r a l l  c o n t r o l  on gene e x p r e s s i o n .  

c 113 ORGANIZATION OF THE MOUSE PDGF RECEPTOR GENE, Pauline L. Lee, Jaime A. Escobedo 
and Lewis T. Will iams, U n i v e r s i t y  o f  C a l i f o r n i a ,  Department o f  Medicine, Howard 
Hughes Medical I n s t i t u t e .  San Francisco, CA 94143. 

The PDGF receptor  (PDGFr) i s  comprised o f  d i sc ree t  s t r u c t u r a l  and func t i ona l  domains. A t  
the N-terminus, there i s  a s ignal  sequence o f  31 amino acids. The remainder of the 
e x t r a c e l l u l a r  region, the l i gand  b ind ing region, has been shown by computer-assisted 
s t r u c t u r a l  analyses t o  be arranged i n  f i v e  domains, each homologous t o  an immunoglobulin 
domain. The i n t r a c e l l u l a r  p o r t i o n  o f  the PDGFr contains a k inase domain s p l i t  by an 
i n s e r t i o n  o f  107 amino ac ids.  The C-terminus reg ion o f  the PDGFr contains several 
poss ib le  autophosporylat ion s i t es .  

To compare the organizat ion o f  the receptor  p r o t e i n  and the organizat ion o f  the 
gene, we are c u r r e n t l y  examining the genomic sequence o f  the PDGFr. A mouse genomic 
l i b r a r y  was screened w i t h  a 0.6 kb fragment o f  the PDGFr cDNA and 20 p o s i t i v e  clones 
were i so la ted .  Sequencing of a 13.5 kb c lone t h a t  inc ludes external  domain coding 
sequences has shown t h a t ,  f o r  a t  l e a s t  one o f  the immunoglobulin-l ike domains, the 
intron-exon junc t i ons  occur a t  the boundaries o f  the IgG- l ike domain. Fur ther  sequencing 
of the external  domain and upstream regions i s  i n  progress. 

c 11 4 INSULIN-ACTIVATED SERINE PHOSPHORYLATION OF AN AFFINIPI-PURIFIED INSULIN RECEPTOR PREPARATION IN 
VITRO, Robert E. Lewis, G. Perry Wu. Richard G. MacDonald and Michael P. Czech. University of Massachusetts Medical 

School, Worcester, MA 01655. 
Previous studies of insulin receptor phosphorylation in vivo demonstrated insulin-sensitive phosphate incorporation into tyrosine, 
threonine. and serine, whereas insulin receptor phosphorylated in vitm exhibits an insulindependent increase in phosphotyrosine alone. 
In the present studies the insulin receptor was sequentially purified on wheat germ agglutinin and insulin affinity resins followed by dialysis 
in 50% glycerol for 2-14h. Phosphorylation of the purified receptor in the prescence of 5mM [$2P]ATP, 1mM DTT. 3mM [Mn2+]. lOmM 
[Mg2+], and lOOnM insulin, followed by electrophoresis and autoradiography resulted in insulin-stimulated insulin receptor f3 subunit 
phosphorylation. Subsequent phosphoamino acid analysis by thin layer electrophoresis indicated insulin-stimulated inmrporation of [32P] 
into phosphotyrosine and phosphoserine. Densilometric scanning of the autoradiographs from phosphoamino acid analysis indicated that 
after 2h of phosphorylation in the presence of insulin, I3'P] can be incorporated into serine residues in the B subunit at a level equal to 
25% of the amount of [32P] incorporated into tyrosine. The appearance of phosphoserine may be dependent on prior tyrosine 
phosphorylation because addition of 5mM angiotensin I I  to the phosphorylation reaction prevented all measurable phosphorylation of the $ 
subunit. Tryptic phosphopeptides of the labeled insulin receptor f3 subunit were separated on reverse-phase HPLC yielding 7-10 
radioactive peaks. Labeled phosphoserine was found in the fourth peak. which appeared to contain additional peptides phosphorylated on 
tyrosine as well. In vitro serine phosphorylation of the purified insulin receptor is not affected by 1mM pa2+ ]  andlor 25 mglml 
phosphatidylserine. Under the mndilions of our assay. a preparation of protein kinase C from bovine retinal rods did not phosphorylate 
the purified insulin receptor on serine above control levels. In conclusion. we have identilied an insulin receptor-associated serine kinase 
activity in vitro which provides the opportunity to explore I s  identity and the mechanism by which it catalyzes phosphorylation of the 
insulin receptor tyrosine kinase in an insulindependent manner. 
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C 115 EXPRESSION OF HUMAN EPIDERMAL GROWTH FACTOR PRECURSOR CNDA IN 
TRANSFECTED MOUSE NIH3T3 CELLS, Barbara Mroczkowski, Martha Reich, 

Jonathan Whittaker, Graeme I. Bell and Stanley Cohen, Vanderbilt University 
School Medicine, Nashville, TN 37232 and Howard Hughes Medical Institute and 
Department of Biochemistry and Molecular Biology, University of Chicago, Chicago, 
IL 60637. 
Stable ce l l  l ines  expressing the human EGF precursor have been prepared by 
transfection of mouse NIH3T3 c e l l s  with a bovine papilloma virus-based vector in 
which the human kidney EGF precursor cONA has been placed under the control of the 
inducible mouse metallothionein I promoter. Synthesis of the EGF precursor can be 
induced by culturing the c e l l s  in 5 mM butyric acid or 100 uM ZnCl The EGF 
precursor synthesized by these c e l l s  appears t o  be membrane associatgb; none i s  
detectable in the cytoplasm. The s i z e  of the EGF precursor expressed by these 
c e l l s  i s  about 150-180,000 daltons which i s  larger than expected from i t s  amino 
acid sequence suggesting t h a t  i t  i s  post-translationally modified, presumably by 
glycosylation. The EGF precursor was a lso  detected in the conditioned media from 
these c e l l s  indicating that some fraction of the EGF precursor synthesized by 
these transfected c e l l s  i s  secreted. Prel\ypary data suggest that t h i s  soluble 
form of the EGF precursor may compete with I-labeled EGF for binding t o  the EGF 
receptor. These ce l l  l i n e s  should be useful f o r  studying the processing of the 
EGF precursor t o  EGF as well as determining the properties and possible functions 
o f  the EGF precursor i t s e l f .  

C 116 STUDIES OF RESTRICTION FRAGMENT LENGTH POLYMORPHISMS FOR EGF, ECFR, TGFA, GRL, 
FGFA, FGFB, IL2, TGFB, AND ILZR, JEFFREY C. MURRAY, H.A. ARDINGER AND R. SHIANG, 

UNIVERSITY OF IOWA, IOWA CITY, IOWA, 52242 

Using a panel of 4-10 normal Caucasians and 60 different restriction enzymes, we have 
made a search for RFLPs for a variety of growth iactors and their receptors. We have 
identified the following RFLPs: 

EGF-HincII/SacI FGFA-Bcl I 
TGFA-BamHI/RsaI FGFB-BglI 

XbaI/MboI GRL-BclI 
EGFR-HindIII/HaeIII/PstI IL2-KpnI 

These polymorphic markers have been used in linkage studies on the long arm of 
chromosome 4 (EGF, IL2, and FGFB) and as candidate genes in linkage analyses of Reiger 
syndrome, neurofibromatosis and Van der Woude syndrome. Preliminary results suggest 
linkage of EGF and IL2 and FCFB in a family with Reiger syndrome. All polymorphic 
markers listed were excluded as candidate genes in neurofibromatosis. EGF, TGFA, GRL 
and FGFB were excluded as candidate genes in Van der Woude syndrome. EGFR shows linkage 
to Van der Woude syndrome with a lod score of 1.2 and a theta of 0. Additional studies 
are now underway t o  expand these linkage studies. RFLPs for growth factors provide 
useful candidate gene markers in studies of genetic and developmental disorders. 

c 117 HTLV-11-INFECTED T-CELLS RELEASE GROWTH PROMOTING ACTIVITY FOR KAPOSI'S SARCOMA- 
DERIVED ENDOTHELIAL CELLS, Shuji Nakamura, Syed 7.. Salahuddin, Barbara Ensoli, 

Peter Biberfeld, Phillip D. Markham, Flossie Wong-Staal, Lena Larsson and Robert C. Gallo, 
National Cancer Institute,+Bethesda, MD. 20892, Karolinska Institute. Stockholm, Sweden. 
Conditioned medium from T 
derived endothelial (KS-El cells. These cultured cells are suggested to be 
lymphoendothelial in origin (Salahuddin et. al). This activity also stimulated the normal 
vascular endothelial (NE) cells. Some KS cell lines, although slow growing, have been 
cultured with help of this factor(s) for one year, and in large quantities. This has made 
it possible to compare to NE cells. Well known growth factors, including endothelial cell 
growth supplement (ECGS), acidic and basic fibroblast growth factors (FGF), epidermal 
growth factor (EGF), interleukin-1 (IL-l), tumor necrosis factor (TNF ) and gamma 
interferon (IFNy) were also tested for their growth promoting effects? IL-1 and TNF, 
stimulated the growth of KS-E cells, although their dose response was different from HTLV- 
11-factor(s) and they plateaued at lower cell dencity. 
not stimulate the growth of KS-cells. These well known factor(s) also had little or no 
effect on the growth of NE cells, with the exception of the strong effect of ECGS and EGF. 
HTLV-11-factor(s) had non or weak heparin binding activity and its molecular size was 
larger than IL-1 and TNF,. This factor(s) is different from FGF, IL-1 and TNFa, but 
whether it differes from other well known cytokines is under investigation. 
we developed an in vitro system for the study of KS. 
have a different growth factor dependency than normal vascular endothelial cells. 
system should provide further clues to our understanding of pathogenesis of KS. 

cell lines (HTLV-11-CM) stimulated the growth of 6 of 6 KS- 

ECGS, IFNy and other factors did 

In summary, 
Our results show that KS-E cells 

This 
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c $18 EPIDERMAL GROWTH FACTOR INCREASES INOSITOL PHOSPHATE FORMATION IN DENSITY- 
ARRESTED BALB/c- 3T3 CELLS PRETREATED WITH CHOLERA TOXIN AND 

ISOBUTY~ETHYLXANTHINE. N.E. Olashaw and W.J. Pledger, Vanderbilt University, 
Nashville, TN. 
Epidermal growth factor (EGF) does not promote the proliferation of or stimulate 
phosphatidylinositol (PI) hydrolysis in density-arrested BALB/c-3T3 cells. Because 
increases in cellular cyclic AMP content render BALB/c-3T3 cells mitogenically 
responsive to EGF, we examined the effect of EGF and cyclic AMP elevating agents on PI 
turnover in these cells. We found that EGF stimulates the formation of inositol 
phosphates (IP) in cells pretreated with cholera toxin, an activator of adenyl cyclase, 
and isobutylmethylxanthine (IBMX), a phosphodiesterase inhibitor. Concomitant addition 
of EGF, cholera toxin and IBMX to cells did not increase IP levels, and pretreatment 
with both agents was required. Pre-exposure of cells to cholera toxin and IBMX also 
enhanced platelet-derived growth factor (PDGF)-stimulated IP formation; TGF R ,  IGF 
I, TPA and the calcium ionophore, A23187, did not induce IP production in either 
pretreated or control cells. Pre-incubation of cells with cholera toxin and IBMX in the 
presence of cycloheximide or DRB (an inhibitor of mRNA synthesis) abrogated the 
permissive effect of these agents on EGF- and PDGF-stimulated IP production: these 
inhibitors did not affect EGF binding or the ability of PDGF to stimulate IP formation. 
Thus, EGF is capable of stimulating PI breakdown in BALB/c-3T3 cells if cells are 
pretreated with agents that increase cyclic AMP levels. 

C 119 MECHANISM OF TUMOURIGENESIS BY POXVIRUSES: EXPRESSION OF A N  EPIDERMAL GROWTH FACTOR- 
LIKE PEPTIDE BY MOLLUSCUM CONTAGIOSUM VIRUS. Colin 0. Porter ,  Neil W. Blake and Len 
C .  Archard, Biochemistry Department, Charing Cross and Westminster Medical School, 
London, W6 8RF, U . K .  

Molluscum contagiosum virus (MCV) is  a poxvirus of man which induces epidermal basal c e l l  
p ro l i fe ra t ion  generating a benign skin tumour. 
character ised genomic DNA by r e s t r i c t i o n  mapping and demonstrated two major subtypes of MCV. 
In order  t o  address the  question of the p o s s i b i l i t y  of c e l l  transformation mediated by a 
v i ra l  gene product having functional homology t o  epidermal growth f a c t o r  ( E G F ) ,  we synthe- 
s ized an ol igonucleot ide probe representing the conserved receptor-binding region of EGF- 
l i k e  peptides. 
potent ia l  t o  encode such a domain a t  equivalent  genet ic  l o c i .  However, there  i s  no cross-  
hybridsation of the human EGF gene o r  the vaccinia growth fac tor ,  gene w i t h  MCV D N A .  
Restr ic t ion fragments spanning these loci  were cloned and sequence analysis  indicates  t h a t  
MCV encodes a peptide s t r u c t u r a l l y  homologous t o  EGF. We propose t h a t  expression of this 
gene i s  responsible f o r  MCV-induced tumourigenesis and wi l l  report  the  e f f e c t s  of i t s  
expression in  cul tured c e l l s .  

We have purif ied virus from s ingle  les ions ,  

Hybridisations w i t h  this probe demonstrated t h a t  both MCV subtypes have the 

c 120 

Spies’, Gail Flaggs3, E. Balenteinl, and Rik Derynck3, V.A. Medical Center and Emory 
University, Atlanta, GA’30033, Peptide Biology Laboratory, Salk Institute, La Jolla, CA2 
92138, Department of Molecular Biology, Cenentech, South San Francisco, CA3 94084. 

Melanoma growth stimulatory activity (MGSA) is a novel growth regulatory peptide originally 
isolated from conditioned medium from the Hs294T human melanoma cell line. Though MGSA was 
originally described as an autocrine growth factor for human melanoma cells, immunoreactive 
MGSA has recently been demonstrated to be present in a number of non-melanocyte tissues 
exhibiting proliferative disorders. 
heparin sepharose chromatography and reverse phase chromatography, MGSA was subjected to 
gas phase sequencing and the amino acid sequence of 34 residues from the amino terminus was 
determined. 
probe cDNA libraries from melanoma and placenta and the nucleotide sequence for the mRNA 
was determined. From these data the sequence of the MGSA precursor and the MGSA protein 
have been deduced. 
data demonstrate that MGSA represents a separate class of growth regulatory peptides with 
approximately 40% homology to a platelet factor involved in the inflammatory response. 

DETERMINATION OF AMINO ACID SEQUENCE AND NUCLEOTIDE SEQUENCE OF cDNA CLONES FOR 
A NOVEL GROWTH REGULATORY FACTOR:MGSA, Ann Richmondl, H.Greg Thomas1, Joachim 

After purification to homogeneity by gel filtration, 

Oligonucleotide probes based on this NH2-terminal sequence data were used to 

The amino terminal amino acid sequence data and nucleotide sequence 
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C121 STRUCTURAL CHARACERIZATION OF T H E  H U M A N  PLATELET-DERIVED G R O W T H  
2 

FACTOR A-CHAIN cDNA A N D  G E N E ,  F r e d r i k  R o r s m a n t  T i m o t h y  J .  K n o t t ,  

J ames  S c o t t  and  C h r i s t e r  B e t s h o l t z !  

H o s p i t a l ,  U p p s a l a ,  Sweden ,  ' M o l e c u l a r  M e d i c i n e  R e s e a r c h  G r o u p ,  M R C  
C l i n i c a l  R e s e a r c h  C e n t r e ,  H a r r o w ,  M i d d l e s e x  H A 1  3UJ ,  U K .  

The human PDGF A - c h a i n  l o c u s  h a s  b e e n  c h a r a c t e r i z e d  by r e s t r i c t i o n  e n d o -  

n u c l e a s e  a n a l y s i s  a n d  t h e  n u c l e o t i d e  s e q u e n c e  o f  i t s  e x o n s  d e t e r m i n e d .  S e v e n  

e x o n s  h a v e  b e e n  i d e n t i f i e d  s p a n n i n g  a p p r o x i m a t e l y  2 2  kb o f  g e n o m i c  D N A .  
A l t e r n a t i v e  exon  u s a g e ,  i d e n t i f i e d  by cDNA c l o n i n g ,  o c c u r s  i n  a human g l i o -  

b l a s t o m a  c e l l  l i n e  and  may g i v e  r i s e  t o  two t y p e s  o f  A - c h a i n  p r e c u r s o r s  w i t h  

d i f f e r e n t  C - t e r m i n a l s .  The e x o n - i n t r o n  a r r a n g e m e n t  i s  s i m i l a r  t o  t h a t  o f  t h e  

' D G F  B - c h a i n / S I S  l o c u s  and  seems  t o  d i v i d e  t h e  p r e c u r s o r  p r o t e i n s  i n t o  

- . u n c t i o n a l  d o m a i n s .  S o u t h e r n  b l o t  a n a l y s i s  o f  g e n o m i c  D N A  shows  t h a t  a 

Z i n g l e  PDGF A - c h a i n  gene  i s  p r e s e n t  i n  t h e  human genome .  

2 ' D e p t .  o f  P a t h o l o g y ,  U n i v e r s i t y  

c 122 DIRECT IDENTIFICATION AND CHARACTERIZATION OF THE p75 SUBUNIT 

Horacio Saragovi and Thomas R. Malek, University of Miami School of Medicine, Miami, FL. 33101. 
The interleukin-2 (IL-2) receptor was initially defined in biochemical and cDNA cloning studies as a 
glycoprotein of Mr of 55,000 (p55). However, recent chemical cross-linking studies of radiolabeled IL-2 
to IL-2 receptors have suggested that functional high affinity IL-2 receptors, which generally represent 
a small fraction (-5%) of total cell surface IL-2 receptors, may contain an IL-2 binding subunit of 
75,000 daltons (p75). In the present investigation, we have studied the proteins closely associated with 
p55 in several cell populations that varied in their capacity to express high affinity IL-2 receptors. 
Cell surface proteins were radiolabeled by lactoperoxidase catalyzed iodination and treated with the 
reversible homobifunctional cross-linker dithiobis(succinimidy1 propionate) (DSP). The proteins cross- 
linked to p55 were then precipitated with antibodies specific for p55 and analyzed on SDS-PAGE. A 
glycoprotein of Mr 75,000 (p75) was cross-linked to p55 from cells that bore high affinity IL-2 
receptors. Three other proteins of apparent Mr of 100,000 (~100).  135.000 (p135), and 180,000 ( ~ 1 8 0 )  
were also cross-linked to p55. In contrast, analysis of the p55 cross-linked proteins from the cell 
populations that expressed only low affinity IL-2 receptors revealed p100, p135, and p180, but not p75. 
Biochemical characterization of p75 showed that it is a cell surface glycoprotein modified by the 
addition of -20,000 daltons of N-linked glycans, with a PI of 4.3 to 5.0. These results provide direct 
biochemical evidence for a close association of p55 and p75 in the formation of functional high affinity 
IL-2 receptors. The cross-linking of p100, p135 and pi80 to p55 raise the possibility of a more complex 
IL-2 receptor subunit structure, although the detection of these three proteins on all cell populations 
indicates that in the absence of p75 they do not play a role in ligand binding affinity. 

OF THE HIGH AFFINITY INTERLEUKIN-2 RECEPTOR. 

C 123 NUCLEAR PROTEINS INTERACTING WITH THE PROMOTER REGION OF THE HUMAN 
GRANULOCYTE/MACROPHAGAGE COLONY STIMULATING FACTOR GENE (DNA-BINDING PROTEINS/ 

GENE EXPRESSION/TISSUE SPECIFICITY/GROWTH FACTORS/BEMOPOESIS, Mathew A. Vadas, J e n n i f e r  R. 
Gamble and M. Frances Shannon, Division of Human Immunology, I n s t i t u t e  of Medical and 
Veter inary Science,  Frome Road, Adelaide,  South A u s t r a l i a ,  5000. 
i n  a t issue s p e c i f i c  as well a s  act ivat ion-dependent  manner. The interaction of nuclear 
proteins w i t h  the promoter region of the GM-CSF gene t h a t  are l ikely t o  be r e spons ib l e  for 
t h i s  pattern of GM-CSF expression was inves t iga t ed .  We show t h a t  nuc lea r  p r o t e i n s  interact 
w i t h  DNA fragments from the GM-CSF promoter i n  a cell s p e c i f i c  manner. A region spanning 
two cytokine specific-sequences, cytokine-1 (5 'GAGATTCCAC3' )  and cytokine-2 (5ITCAGGTA3') 
bound two nuclear  proteins (nuc lea r  f a c t o r  (NF)-GMa and NF-GMb) from GM-CSF expressing 
c e l l s  i n  gel r e t a r d a t i o n  assays.  NF-GMb was induc ib le  w i t h  phorbol myr i s t a t e  a c e t a t e  and 
accompanied induc t ion  of GM-CSF message. NF-GMb was absent  i n  cell l i n e s  not producing 
GM-CSF some of w h i c h  had other d i s t i n c t  binding proteins. NF-GMa and NF-GMb e l u t e d  from a 
heparin sepharose column a t  0.3 and 0.6M KC1 r e spec t ive ly .  We hypothesize t h a t  the 
sequences CK-1 and CK-2 b i n d  s p e c i f i c  proteins and r e g u l a t e  GM-CSF t r a n s c r i p t i o n .  
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C124 EXPRESSION OF THE IL-2 RECEPTOR ON T M A N  BLOOD BASOPEILS, 
P e t e r  V a l e n t ,  * H a n n e s  S t o c k i n g e r  , C h r i s t o p h  S t a i n ,  K l a u s  

L e c h n e r ,  W a l t e r  K n a p p  *and P e t e r  B e t t e l h e i m ,  l S t M e d i c a l  Dept .  a n d  
I n s t i t u t e  o f  I m m u n o l o g y  , U n i v e r s i t y  o f  V i e n n a ,  L a z a r e t t g . 1 4 ,  A - 1 0 9 0  
V i e n n a ,  A u s t r i a .  
U s i n g  a c o m b i n e d  toluidine/immunofluorescence s t a i n i n g  p r o c e d u r e  w e  w e r e  
a b l e  t o  e s t a b l i s h  t h e  s u r f a c e  m a r k e r  p h e n o t y p e  o f  h u m a n  b a s o p h i l s .  A t  
l e a s t  t h r e e  a c t i v a t i o n  l i n k e d  s t r u c t u r e s  w e r e  d e t e c t e d  by moabs 
c l u s t e r e d  a s  CD9, CD38 a n d  CD25 ( a n t i - I L - 2  r e c e p t o r )  o n  n o r m a l  a n d  CML 
b a s o p h i l s .  I m m u n o p r e z i p i t a t i o n  u s i n g  t h e  a n t i - T a c  a n t i b o d y  w a s  
p e r f o r m e d  o n  h i g h l y  e n r i c h e d  CML b a s o p h i l s  ( c o m p l e m e n t  l y s i s )  r e v e a l i n g  
a 5 5  kd  s u r f a c e  p r o t e i n  e q u i v a l e n t  t o  t h e  T a c  p e p t i d e  o f  t h e  I L - 2  
r e c e p t o r  o n  h u m a n  T c e l l s .  Q u a n t i t a t i v e  b i n d i n g  a s s a y s  u s i n g  
r a d i o l a b e l l e d  I L - 2  i n d i c a t e d  a m a j o r i t y  o f  l o w - a f f i n i t y  I L - 2  b i n d i n g  
s i t e s  a n d  a b o u t  f i f t y  h i g h - a f f i n i t y  I L - 2  b i n d i n g  s i t - e s .  F u r t h e r m o r e  
u s i n g  N o r t - h e r n  b l o t  a n a l y s i s  t w o  m R N A  b a n d s  o f  3.5 a n d  1.5 k b  w e r e  f o u n d  
t.o h y b r i d i z e  t o  a r a d i o l a b e l l e d  c D N A  c o d i n g  f o r  t h e  T a c  p e p t i d e .  T h u s  
IL-2 r e c e p t o r s  a r e  a c t i v e l y  s y n t h e s i z e d  by human b a s o p h i l s .  P r e l i m i n a r y  
r e s u l t s  o f  t h e  f u n c t i o n a l  s i g n i f i c a n c e  s u g g e s t  a possible  role of IL-2 
i n  t h e  m e d i a t o r  release f r o m  human b l o o d  b a s o p h i l s .  

C125 S T R U C T U R A L  A N D  F U N C T I O N A L  A N A L Y S I S  O F  p58 .  A P R O T E I N  P R O D U C T  
RELATED TO THE TYROSINE KINASE ~ ~ 5 6 ~ ~ ' .  Andre Veiilettel, Ivan Horakl. 

Anne Burkhardtl. Neal Rosen?. and Joseph B. Bolenl. Laboratory of Tumor Virus Blology1 and 
Medlcal Breast  Cancer Section?, Natlonal Cancer Inst i tute .  Bethesda. M D  20892. 

The tyrosine klnase gene && Is expressed in  lymphold cells and t i s sues  as well as cer ta in  
types of non-lymphoid human solld tumors such as colon carclnoma and  small cell  carcinoma of 
the  lung. I t  appears  t o  play a role in  differentlated lymphold funct ions and  potent ia l ly  in  
transformation as well as tumor progresslon. I t  prlmarily encodes a 56 kDa membrane asso- 
ciated product demonstrating tyrosine speclflc protein kinase act ivl ty .  Using a speclflc an t l -  
- Ick ant iserum (recognizlng a peptlde sequence not  conserved between t h e  dlfferent  members of 
t he  =-related tyrosine kinase famlly). we have found t h a t  most human cells expressing th i s  
tyrosine kinase also possess in  additlon to  pp56 another  re la ted membrane associated proteln 
migrating a t  68 kDa on SDS-polyacrylamlde gels. I t s  detect ion by lmmunoprecipltatlon Is 
blocked by prelncubation of t h e  antlserum wlth t h e  peptide.  Peptlde mapping revealed 
tha t  p58 differs from ~ ~ 5 6 ~ ~ '  in t h e  amino-terminal half of t he  molecule and ou r  d a t a  suggests  
t h a t  t h i s  a l terat ion I s  re la ted t o  p56 hyperphosphorylatlon and can be fu r the r  Increased in  T- 
lymphocytes by t reatment  wlth phorbol e s t e r s .  Interestingly p58 Is phosphorylated In v l v ~  on 
ser ine and tyrosine residues but lacks demonstrable y & ~  phosphorylation In Immune 
complex klnase assays.  This suggests  t h a t  p58 has  reduced enzymatic ac t iv i ty  compared t o  
pp561=*. The potent ia l  regulatory function of t h i s  a l terat ion and i t s  role In lymphoid s ignal  
transductlon a r e  current ly  being evaluated.  

c 126 ISOLATION OF HIGH AFFINITY MONOCLONAL ANTIBODIES TO BIOACTIVE HUMAN ERYTHROPOIETIN 
AND A COMPARISON OF THEIR USE TO OUANTITATE EP LEVELS BY SENSITIVE RADIO-AND 
ENZYME IMMUNOASSAYS, Albertus  Wognum, Pe te r  M. Lansdorp, Connie J. Eaves and Gerry 
Krys t a l ,  Terry Fox Laboratory,  B.C. Cancer Research Centre ,  Vancouver, Canada. 

We have developed s e v e r a l  monoclonal an t ibod ie s  to  human e ry th ropo ie t in  (Ep) us ing  a 
bioimmunoabsorbentassay (BISA). I n  t h i s  a s say ,  mouse an t ibod ie s  are immobilized i n  
m i c r o t i t r e  wells previously coated with goat anti-mouse I g  an t ibod ie s ,  t he  wells are then 
incubated with human E , washed and Ep tha t  has s p e c i f i c a l l y  bound t o  the  a n t i b o d i e s  is 
de tec t ed  by measuring &-thymidine incorporat ion of Ep-dependent sp l een  c e l l s  i n  these  
we l l s .  The BISA is supe r io r  t o  convent ional  binding a s says  as R I A  and ELISA, s i n c e  5 
monoclonal a n t i b o d i e s  i s o l a t e d  with these  l a t t e r  screening assays were not r e a c t i v e  t o  
n a t i v e  Ep and 2 of 3 an t ibod ie s  t h a t  were i s o l a t e d  with the  BISA, and thus r e a c t i v e  to  
n a t i v e  Ep, could not be de t ec t ed  with ELISA. A l l  3 BISA-reactive an t ibod ie s  were capable  
of n e u t r a l i z i n g  Ep b i o a c t i v i t y  i n  v i t r o  and were a b l e  to  bind to  u r ina ry  as w e l l  as 
recombinant Ep on immunoblots. Tes t ing  of t he  an t ibod ie s  i n  radioimmunoprecipitation 
experiments y i e lded  d i s s o c i a t i o n  cons t an t s  of 0.7 nM, 8 nM and 240 nM f o r  t he  3 a n t i -  
bodies ,  r e spec t ive ly .  The two an t ibod ie s  with h ighes t  a f f i n i t y  f o r  Ep were used i n  a two- 
s ided  or sandwich radioimmunoassay (Ep-RIA) and i n  an enzyme immuno-assay (Ep-EIA) f o r  Ep. 
The Ep-RIA has  a s e n s i t i v i t y  of 10 mU whereas the  Ep-EIA can d e t e c t  1 m u ,  comparable t o  
the  d e t e c t i o n  l imi t  of t he  i n  v i t r o  bioassay.  The Ep-EIA provides  a s e n s i t i v e ,  r a p i d  and 
nonrad ioac t ive  method f o r  t he  measurement of Ep and should prove of cons ide rab le  va lue  i n  
a v a r i e t y  of c l i n i c a l  and l abora to ry  app l i ca t ions .  
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c 127 EXPRESSION OF INSULIN-LIKE GROWTH FACTOR (IGP) mRNAs IN HUMAN BREAST CANCER. 

Veillette3, Francine Fossl, Susan Bates1. Roberto Favonil, Marc Lippman' and Neal Rosen'. 
Medical Breast Cancer Section1 and Laboratory of Tumor Virus Biology3. National Cancer 
Institute, Bethesda, MD. and Department of Pathologyz, George Washington University 
Medical Center, Washington, D.C. 20037 
IGF-I and IGF-I1 are mediators of normal fetal and childhood growth and development. They 
have been reported to be expressed in some malignancies and we have shown that breast 
cancer cell lines produce immunoreactive IGF-I-like material. We have examined the mRNA 
expression of IGF-I and IGF-I1 in human breast cancer tissue and breast cancer cell lines. 
Northern analysis of polyAt mRNA from breast cancer cell lines show multiple hybridizing 
species of mRNA. However using an IGF-IA probe in a sensitive RNAse protection assay, none 
of the cell lines express authentic IGF-I. This suggests the immunoreactive IGF-I-like 
material produced by these cell lines is a closely related IGF species. In contrast, RNA 
extracted from tumor tissues, fibroadenomas and surrounding normal breast have easily 
detectable IGF-I in an RNAse protection assay. In the breast cancer lines T47D and HBL100, 
IGF-I1 mRNA has been found to be expressed using Northern analysis and RNAse protection 
assay. In T47D the level of mRNA is increased by estrogens and decreased by antiestrogens. 
RNA extracted from tumor tissues shows that virtually all cancers tested express some IGF- 
I1 mRNA. In addition fibroadenoma and surrounding normal breast tissues also express IGF- 
11. These data suggest that IGF-I and IGF-I1 may act ns paracrine or autocrine growth 
factors in proliferative breast disease. 

Douglas Yeel, Kevin J. Cullenl, Soomyoung Paikl, Arnold Schwartz', And& 

C 128 

G .  W i l d i n g  E Va lve r ius  S Bates R .  Dickson and F Kern, Rreast Cancer Sec t ion ,  
Med ic ine  Branch, N C I ,  N I H .  Bethesda, MD 2089?. 
Estrogen (E2) t rea tment  o f  MCF-7 c e l l s  r e s u l t s  i n  an i nc rease  i n  t h e  amount o f  TGF alpha 
mRNA and an i nc rease  i n  t h e  s e c r e t i o n  o f  a 30kd TGF a l p h a - l i k e  p r o t e i n .  
t i o n  o f  bo th  i n  v i t r o  growth and t u m o r i g e n i c i t y  may be r e l a t e d  t o  an a i i t oc r i ne  l oop  i n v o l v -  
i n g  the  produtT icn  -df t h i s  growth f a c t o r .  To exp lo re  t h i s  p o s s i b i l i t y ,  we have t rans fec ted  
MCF-7 c e l l s  w i t h  p lasmids  t h a t  con ta in  t h e  TGF a lpha p recu rso r  pep t ide  cod ing  sequences 
l i n k e d  t o  e i t h e r  t h e  human m e t a l l o t h i o n e i n  o r  t h e  adenovirus major l a t e  promoter. 
t rans formants  express ing  t h e  TGF a lpha sequences were i s o l a t e d .  
c o n s t i t u i t i v e l y  express e leva ted  l e v e l s  o f  the a p p r o p r i a t e l y  s i z e d  mRNA as determined by 
Nor thern  b l o t t i n g  and sec re te  e leva ted  l e v e l s  o f  a h i o l o g i c a l l y  a c t i v e  TGF a lpha p r o t e i n  
as determined by an EGF rad io recep to r  compe t i t i on  b i n d i n g  assay and NRK s o f t  agar colony 
fo rmat ion  assay. However t rans formants  express es t rogen recep to r  l e v e l s  equivalent,  t o  
nontransformed c e l l s  and respond t o  €7  by inc reased c e l l  p r o l i f e r a t i o n  i n  v i t r o .  Pre- 
l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  t rans formed c e l l s  do n o t  form p r o g r e s s i v e l y i n g  tumors 
i n  nude mice i n  t h e  absence o f  €2. These r e s u l t s  suggest t h a t  TGF a lpha a lone i s  no t  
s u f f i c i e n t  t o  f u l l y  induce the  hormone-independent phenotype i n  hormone-dependent VCF-7 
c e l l s .  

MCF-7  BREAST CARCINOMA CELLS EXPRESSIYG TRANSFECTED TGF ALPHA SEQUENCES CONTINUE TO 
REQUIRE ESTROGEN FOR GROWTH AND TUCORIGENICITY. R.  Clarke. M .  Lippman, P. Glanz, 

Thus, E2 s t imu la -  

S tab le  
These t rans formants  

lntracellular Signals 
c 129THE IDENTIFICATION OF A REGION ON THE PAS MOLECULE SPECIFICALLY RECOGNIZED BY A 

GTPase ACTIVATING PROTEIN (GAP), B .  Adari", D. ~ o w y ~ ,  B. Willurnsen', c. Der', 
and F. MCCOrmiCk , *cetus Corporation, Emeryville, CA; T N ~ ~ ,  Bethesda, Maryland; 
"University Micr~biology Institute, Copenhagen, Denmark; and *La Jolla Cancer Research 
Foundation, La Jolla, CA. 
Previous work in our lab has shown that extracts made from various mammalian cells 
contain a soluble protein (GAP) that interacts specifically with the N-ras proto-oncogene 
to greatly enhance its intrinsic GTPase activity. We have since observed that the GTPase 
activity of C-H-ras can also be stimulated by GAP, making it unlikely that GAP interacts 
with the variable C-terminal region of the ras protein (~21). We have examined various 
point- and deletion-mutants of H-ras for their sensitivity to GAP action in an attempt to 
identify the site of interaction between GAP and p21. The results indicate that the 
oncogenic mutations at positions 12, 59 and 61 cause a complete loss of sensitivity to 
GAP. These residues are thought to participate in the phosphoryl binding loop within the 
GTP binding site. Other mutations in the GTP binding site (in the purine ring binding 
region) do not seem to affect GAP recognition. Similarly, the non-transforming mutations 
at position 65, 74-77, 123-130 and 165-184, are still susceptible to GAP action. The 
partial loss of sensitivity to GAP observed with deletion mutants 96-i04 and 101-109, is 
believed to be due to structural constraints and not to a partial loss of the GAP target 
site. In summary, our results so far Suggest that GAP specifically recognizes the 
phosphoryl binding loop of p21. We are currently testing mutants in the putative 
effector binding region of p21 to determine whether GAP functions as the ras effector 
protein. 
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c 130 CHARACTERIZATION OF HIGH MOLECULAR WEIGHT PROTEIN RECOGNIZED BY PDGF- 
ANTISERA, Dana T. Graves and Har ry  N. Antonlades, Boston Univers i ty  Medical 
Center and Harvard School of Public Health, Boston, MA 02115. 

We have demonstrated prev ious ly  that a h igh  molecular weight glycoprotein could be 
immunoprecipitated from metabolically labelled human o s t e o s a r m a  (U-2 0s) cel ls with anti- 
PDGF serum and that it appears to be der ived from a d l f ferent  precursor  than the  30 k d  
PDGF-like mitogen produced b y  these cells. The identi f icat ion of h igh  molecular weight 
prote ins w i t h  anti-PDGF antlbodies has been noted b y  other  investigators. These f i nd ings  
were unexpected since the  h igh  molecular weight prote ins are too la rge t o  be encoded b y  
the  PDGF s t ruc tu ra l  genes. In  experiments w i t h  metabolically-labelled U-2 0s human 
osteosarcoma and nontransformed NRK cel ls we now repor t  that a 185 k d  prote in  
immunoprecipltated w i t h  anti-PDGF serum from these cel ls has the  fol lowing characterist ics: 
1) It is a PDGF bind ing prote in  that is unrelated t o  alpha 2 macroglobulin. 2) It i s  a 
phosphoprotein. 3) It i s  phosphorylated in response t o  PDGF stimulation. 4) It is 
lmmunoprecipitated by both anti-phosphotyroslne and anti-PDGF antlbodies. 5 )  It is not  a 
general subst rate o f  growth factor Induced tyros ine kinase act iv l ty .  6)  It i s  most l ike ly  
a membrane or membrane associated protein. 7) I ts presence In nontransformed cells i s  
dependent on  the  addit lons of exogenous PDGF. 

c 131 INTERFERON REGULATION OF GENE EXPRESSION AT POST-TRANSCRIPTIONAL SITES, 

The ability of alpha-Interferon (alpha-lfn) to selectively stimulate the release of nuclear 
mRNA of interferon-regulated genes to the cytoplasm was investigated. An in vivo assay 
designed to study the nucleocytoplasmic active mRNk transport under conditions which do 
not allow transcription was utilized for these studies. tiuclei were isolated from HL-60 
human promyelocytic leukemia cells and suspended in a standard mRNA transport buffer at 
37O, which contained either no alpha-lfn or 100 lU alpha-lfn, for 30 rnin. The supernatent 
was then isolated and divided into 3 aliquots which were subjected to analysis using standard 
Northern blot procedures. The efflux of 3 mRNA were determined: cMyc oncogene, 
dihydrofolate reductase (DHFR), and the alpha-lfn regulated 56-K. Alpha-lfn was found to 
selectively stimulate the efflux of the 56-K mRNA from the HL-60 nuclei, with efflux 
increased by 118% compared to control. .The efflux of cMyc and DHFR from alpha-lfn 
treated nuclei was only slightly altered, exhibiting increases of 35% and 18% respectively 
fiom control. These results demonstrate that alpha-lfn can selectively alter the post- 
transcriptional processing and transport of mRNA for specific genes, and this may serve as a 
key receptor site for interferons. 

R. Douglas Armstrong, La Jolla Cancer Research Foundation, La Jolla, CA 92037. 

C 132 EGF-STIMULATED DNA SYNTHESIS IS DEPENDENT UPON AN INFLUX OF EXTRACELLULAR 
CALCIUM, Alton L. Boynton, Timothy D. Hill, and Henrick Kindmark, Cancer 

Research Center of Hawaii, University of Hawaii, Honolulu, HI. 
Mitogenic stimulation of proliferatively quiescent cells is known to be inhibited by 
the removal of extracellular Ca2+. 
by determining the effect of a plasma membrane Ca2+ channel blocker on intracellular 
Ca?+ levels and DNA synthesis induced by EGF. 
on glass coverslips and loaded with Fura-2 responded with elevated intracellular 
Ca2+ dose-dependently to EGF (5-50 ng/ml). 
completely the EGF-induced rise in intracellular Ca2+. 
the plasma membrane as evidenced by a lack of change in the Fura-2 signal. Ca2+ 
mobilization from the ER pool stimulated by thrombin was unaffected by La3+ 
treatment. Confluent and proliferatively quiescent T51B cells treated for 24 hr 
with EGI: (10 ng/ml) in 99% BME:l% BCS (1.8 mM Ca2+) incorporated 3H-thymidine into 
>75% of cell nuclei. 
to be radiolabeled. These results izdicate clearly that the EGF-induced influx of 
extracellular Ca2+ and subsequent DNA syn.thesis are abolished by plasma membrane 
channel blockage with La3+. 
prerequisite for EGF mitogenic activity. Supported by NIH/NCI CA42942. 

This Ca2+ requirement was further investigated 

T51B rat liver epithelial cell grown 

Pretreatment with La3+ (50 pM) blocked 
La3+ was unable to penetrate 

In the presence of La3+ (50 pM) <5% of cell nuclei were found 

Therefore, a rise in intracellular Ca2+ appears to be a 
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c133 THREE SIGNAL TRANSDUCTION PATHWAYS REGULATED BY EGF IN THE RAT 
HEPATOCYTE, Patricia A. Connelly and James C. Garrison, Department of Pharmacology, 
University of Virginla Medical School, Charlottesvilie, VA 22908 

Phosphorylation studies in 32P-iabeled rat hepatocytes have demonstrated that EGF treatment of 
these cells activates a tyrosine protein kinase, most likely to be the intrinsic EGF receptor tyrosine 
kinase, in addition to the activation of protein kinase C and Ca2+/caimodulin-dependent protein 
kinases. Activation of all three kinases appears to involve only a single receptor type since 
phosphorylation of each class of substrate has a similar sensitivity to the concentration of EGF. 
Although the reversal of protein kinase C and Ca2+-stimulated phosphorylation occurs rapidly, 
tyrosine phosphoryiation of a cytosolic substrate, hpp 36, unique to EGF treatment, but apparently 
distinct from the iipocortins (calpactins), is stable for up to 30 rnin following stimulation and thus has 
the potential to be involved in regulation of gene expression by EGF. 

c 134 HUMAN GI-CSF: RECEPTOR BINDING AND TRANSHEHERANE SIGNALLING; J. DiPersio. P. 

Hematology-Oncology. UCLA School of Medicine, Los Angeles, CA; and *Unite de Recherche, 
Centre Hospitalier de l'Universite, Lava1 Quebec, Canada. 

Human granulocyte-macrophage colony-stimulating factor (GH-CSF) binds to high 
affinity receptors (Kd 30-50 pM) on all responsive hematopoietic cells, and is most 
highly expressed on mature neutrophils and eosinophils. The molecular weight of human 
GH-CSF receptor by cross-linking is 64 Kd. GM-CSF has multiple direct and indirect 
effects on neutrophils, but the mechanism of action remains elusive. Although GM-CSF 
does not directly induce changes in intracellular pH or Ca-. pre-incubation of GM-CSF 
dramatically increases the intracellular acidification and levels of intracellular 
Caw after stimulation with FHLP. LT64, and PAF. In addition, pre-incubation of 
neutrophils with GM-CSF resulted in a profound depression of cellular alkalinization 
induced by chemotactic factors and phorbol esters. which was riot due t o  a direct 
inhibitory effect on the Na/H+ antiport. GH-CSF, a weak inducer of neutrophil 
arachidonic acid release, was found to prime neutrophils for increased arachidonic acid 
release in response to A23187, FHLP. LTB4, PAF, and C5a. This priming effect was 
maximal after a 45-mlnute incubation at 23' with concentrations of GM-CSF >lo0 pM. and 
was not inhibited by pre-incubation of neutrophils with cycloheximide or indomethicin. 
The products of  GM-CSF-primed neutrophil arachidonic acid release were found by 
radioinunoassay and HPLC t o  be products o f  the 5-lipoxygenase system; specifically, 
LTE4. its epimers; and the 20 omgga metabolites of LT64. 

Billing, S. Kaufman, P. Naccache*. P. Eorgeat*. and J. Gasson; Division of 

C 135 p2iras INDUCED RESPONSIVENESS OF PHOSPHATIDYL INOSITOL TURNOVER TO 
BRADYKININ IS A RECEPTOR NUMBER EFFECT, Julian Downward, Jean de 

Gunzberg and Robert weinberg, Whitehead Institute for Biomedical Research, 
9 Cambridge Center, Cambridge, MA 02142. 
Proteins encoded by ras genes have recently been reported to couple certain 
growth factor receptors to phospholipase C, the enzyme catalyzing phosphatidyl 
inositol breakdown. To investigate this hypothesis, the normal Harvey-= gene 
was transfected into Rat-1 fibroblasts under the control of the SV40 early 
promoter. Several cell lines were selected that expressed very high levels of 
p21ras. Phosphatidyl inositol (PI) turnover was measured in these cells in response 
to a wide variety of peptide factors; bradykinin was found to have a greatly 
enhanced effect on the p21ras overexpressors relative to the parental and control 
cells. Bradykinin receptor numbers were measured in these lines and found to be 
up to forty fold higher in the p21ras overexpressors than in the parental cells. 
Receptor numbers correlated well with the bradykinin dependent PI response. In a 
sub-cellular system, phospholipase C activities maximally stimulated by a non- 
hydrolyzable analogue of GTP were not significantly different between membranes 
from parental and transfected cells. These data indicate that the effects of p21ras 
on cellular responses to brad kinin are due to changes in receptor number rather 
than direct coupling by p21rag between the receptor and phospholipase C. 
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C136 SIGNAL TRANSDUCTION IN PROLIFERATING ENDOTHELIAL CELLS: ROLE OF 

AA metabolites are potent biological mediators of the action of growth 
factors. The proliferation of endothelial cells is controlled by stimulatory 
and inhibitory factors, basic Fibroblast Growth Factor (bFGF) and 
Transforming Growth Factor-beta (TGFb) being the best known. Since the mode 
of action of bFGF or of TGFb is unclear, we asked whether AA metabolites are 
involved in mediating their effect. In a proliferative test assay, bovine 
aortic endothelial cells were treated with inhibitors of AA metabolism . Both 
nordihydroguaiaretic acid, a lipoxygenase inhibitor, or eicosatetraynoic 
acid, a blocker of AA metabolism, impaired the mitogenic effect of bFGF but 
indomethacin, a cyclooxygenase inhibitor, was ineffective. The inhibitory 
effect of TGFb, in the presence or absence of bFGF, was not modified by AA 
metabolism inhibitors. Within minutes, bFGF stimulated the release of AA from 
cells prelabeled with (3H)AA, but TGFb did not prevent this effect. These 
results indicates that AA metabolites, possibly lipoxygenase metabolites, are 
involved in bFGF-induced endothelial cell proliferation and that TGFB does 
not interfere in this early mitogenic event.( V.Fafeur is recipient of a 
grant from SANOFI). 

ARACHIDONIC ACID ( A A )  METABOLITES. V.Fafeur, F.Dray* and P.Bohlen, 
Universitat ZGrich, Switzerland. * Institut Pasteur, Paris, France 

c 137 PHOSPHORYLATION OF BASIC FGF: A NEW SUBSTRATE FOR PROTEIN KINASE C 
J.J. Feige and A. Ba i rd .  Salk I n s t i t u t e  Neuroendocr inology Labs, La J o l l a ,  CA 92037 

Bas ic  f i b r o b l a s t  growth f a c t o r  (bFGF) can be phosphory la ted  i n  v i t r o  by  p u r i f i e d  pro- 
t e i n  k inase C (PKC). The r e a c t i o n  i s  phosphol ip id-dependent and - e x t i c  parameters o f  
t he  r e a c t i o n  (km=1.4 pM, Vtax=1.5 pmol/min) i n d i c a t e  t h a t  FGF i s  a good subs t ra te .  Human 
and bov ine  bFGF as w e l l  a5 ov ine  a c i d i c  FGF cou ld  be phosphory la ted  by PYC and, t o  a l e s -  
ser ex ten t ,  by CAMP-dependent p r o t e i n  k inase. Only se r ine  was found t o  be the  amino a c i d  
t a r g e t t e d  by the  phosphory la t i on  o f  human bFGF by PKC. Al though an a n a l y s i s  o f  the  pro-  
t e i n  sequence i n d i c a t e d  th ree  p o t e n t i a l  phosphory la t ion  s i t e s  f o r  p r o t e i n  k inase C (-Ser/  
Thr-X-Arg/Lys), exper iments us ing  pep t ide  f ragments o f  bFGF i d e n t i f i e d  Ser 108 a s  the  
major s i t e  o f  phosphory la t ion  i n  v i t r o .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  Ser 108 i s  con- 
served i n  the  sequences o f  i n t 7  a n d h s t ,  two FGF-related oncogene produc ts .  The phos- 
pho ry la ted  form o f  bFGF by PKC d i d  n o t  mod i fy  the  b i n d i n g  o f  bFGF t o  heparin-Sepharose 
even though Ser 108 i s  l o c a t e d  w i th in  the  hepar in  b i n d i n g  s i t e  o f  the  molecule.  I n  v i v o  

32P- labe l ing  o f  bov ine  e n d o t h e l i a l  c e l l s  a l lowed us t o  i s o l a t e  a 16kO p r o t e i n  whose phos- 
p h o r y l a t i o n  i s  inc reased by TPA t rea tment  and which may rep resen t  an i n t r a c e l l u l a r  phos- 
p h o r y l a t i o n  o f  bFGF. A comparat ive analyses o f  t he  s i t e s  o f  i n  v i t r o  and i n  v i v o  phos- 
p h o r y l a t i o n  o f  bFGF w i l l  be presented. The p o s s i b i l i t y  t h a t  s o m e t h e  b i o % g m  a c t i -  
v i t i e s  o f  bFGF may be regu la ted  by phosphory la t ion  i s  c u r r e n t l y  under i n v e s t i g a t i o n .  

C 138 PCGF AND CAMP APPEhR 'ID INUJCE c-mc RNA BY DIFERENC MECHWJISMS, Kevin K. 
Rick and olarles D. Sche, University of F'ennsylvania Schml of Medicine, 
Philadelphia, PA 19104 

The human c6teqenic sacam cell line MG-63 responds to P A  or PIXF tredht with an 
hrease in c-zc RNA levels. In order to determine if other signal transduction 
pathways would also -e in c-wc induction in these cells, the ability of MG63 cells 
to respond to an increase in intracellular CAMP was examined. Agents which stimulate 
adenylate cyclase (forskolin, cholera toxin), inhibit phosphodiesterase (IBMX), and 
CAMP analcques (dibu-1 CAMP) all caused an irxsreaSe in c-mc RNA. The addition of 
manganous chloride (MnC12) (1 nM) also caused both an increase in cellular CAMP and an 
increase in c-xc RNA. Both c-EC RNA induction and CAMp levels in cells treated with 
forskolin increased in a dosedement fashion, indicating that these two factors are 
directly related. The maximum increase in cellular CAMP was only 2 to 3 fold over the 
resting level, susgestirg that mll changes in [CAMP] are sufficient for c-xc RNA 
induction. When the kinetics of CAMP levels after forskolin addition were studied, it 
was found that the increase in [CAMP] peaked at approximately 15 min after agonist 
addition, then returned to near the basal level within 60 min. In contrast, PDCF 
cawel a slower increase in CAMP levels, with values either raxirral or still increasirq 
after 60 m i n .  The kinetics of CAMP induction by PCGF inply that this second 
messenger is probably not the prime instnurent in c-xc induction by PDCF. 
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C 139 SERUM-INDUCED ACTIVATION OF SODIUM/PROTON EXCHANGE DOES NOT INVOLVE KINASE c 
R J  G i l l i e s  and R Martinez,  Colo. S t .  Univ., F t .  Co l l in s  80521 

One of t he  e a r l i e s t  even t s  t o  occur upon t h e  a d d i t i o n  of serum t o  quiescent  c e l l s  is an 
a c t i v a t i o n  of sodiumlproton exchange. I n  t h e  absence o f  b i ca rbona te ,  o r  a t  low e x t e r n a l  
pH, t h i s  a c t i v a t i o n  w i l l  l e ad  t o  an inc rease  i n  i n t r a c e l l u l a r  pH (pHin). In some 
systems, a d d i t i o n  of k inase  C a c t i v a t o r s ,  such a s  phorbol e s t e r s  o r  di-octanoyl  g lyce ro l ,  
w i l l  cause pHin t o  r i s e  ( 1 ) .  This  has  prompted some reaea rche r s  t o  hypothesize t h a t  
sodium/proton exchange i s  phys io log ica l ly  a c t i v a t e d  through phosphorylat ion by serum 
induct ion of k inase  C. We have examined t h i s  ques t ion  by measuring t h e  pHin of both 
primary human f i b r o b l a s t  (BoGi), BALB/c-3T3, Swiss-3T3 and N I H  3T3 c e l l s  u s ing  t h e  
f luorescence of pyranine (2 ) .  
i n  BoGi c e l l s ,  y e t  have no e f f e c t  on t h e  pHin of 3T3 c e l l s .  
reported t o  i n h i b i t  k inase  C both in v i t r o  (3) and i n  v ivo  ( 4 ) .  
sphingosine i n h i b i t s  bo th  c e l l  growth (3T3 and BoGi c e l l s )  and t h e  phorbol-induced 
a l k a l i n i z a t i o n  (BoGi c e l l s ) .  However, i t  has  no e f f e c t  on t h e  serum-induced pHin change 
i n  e i t h e r  3T3 or BoGi c e l l s .  We conclude t h a t  t h e  serum-induced a c t i v a t i o n  of 
sodium/proton exchange is independent of k inase  C ,  and t h a t  phorbol-induced 
a l k a l i n i z a t i o n  is t h e  r e s u l t  o f  promiscuous phosphorylat ion of t he  sodium/proton 
exchanger by k inase  C. 
(1)  Reviewed in Moolenaar (1986) Ann. Rev. Physiol .  48, 363 (2 )  Giul iano and G i l l i e s  
(1987) Analyt.  Biochem. ( i n  p r e s s )  ( 3 )  Hannun e t  a l .  (1986) J. Biol .  Chem. 261,12604 ( 4 )  
M e r r i l l  e t  a1 (1986) and Wilson e t  a 1  (I9861 J. Biol .  Chem. 261, 12610 and 1616 

Phorbol e s t e r s  o r  DOG induce i n t r a c e l l u l a r  a l k a l i n i z a t i o n  
Sphingosine has  been 

I n  our system, 

c 140 cDNA SEQUENCE OF HUMAN ENDONEXIN 11: HOMOLOGY WITH LIPOCORTIN, 
CALPACTIN, AND PROTEIN 11, Harry T. Haigler., David D. Schlaepfer*, Michael Jaye', 
and Ruth Kaplan#, 'University California, Irvine, CA 92717, and 'Rorer Biotechnologies, 
Inc., Springfield, VA 22151. 

Endonexin I1 is a member of the family of Ca2+-dependent phospholipid-binding proteins known as 
annexins. We isolated and sequenced a cDNA clone for human endonexin I1 and showed that it 
contained a 960 nucleotide open reading frame. The deduced 320 amino acid sequence was in 
agreement with the previously determined partial amino acid sequence of the isolated protein. The 
partial sequence of bovine endonexin I could be aligned with the sequence of endonexin I1 to give 
63% sequence identity. Endonexin I1 contained 58, 46, and 43% sequence identity to protein 11, 
calpactin 1 (p36, protein I), and lipocortin I (p35), respectively. Like these other proteins of known 
sequence, endonexin I1 had a 4-fold internal repeat of approximately 70 residues preceded by an 
amino terminal domain that lacks homology with the repeated region. Comparing the amino terminal 
domains of these four proteins revealed that, in general, they have only limited homology; endonexin 
I1 had the greatest sequence identity (29%) with protein I1 in this region. Despite structural diversity 
in this domain, lipocortin I, calpactin I, and protein I1 are all phosphorylated at  an analogous site by 
protein kinase C. Endonexin I1 was not a substrate for this enzyme even though it contained 
threonine at  the analogous position. It is proposed that a lysine residue that is present in the three 
substrate proteins, but missing in endonexin 11, is a part of the recognition site for protein kinase C. 

C 141 CONSTITUTIVE TYROSINE-PHOSPHORYLKTION IN CHRONIC MYELOGENOUS LEUKEMIA CELLS 
OF A 56kDa PROTEIN THAT IS ORDINARILY RELATED TO HEMOPOIETIC GROWTH FACTOR 

SrIMbUTION. Richard D. Huhn. and A. Raymond Rackelton. Jr., Roger Wllliams General Hospital, Brown 
University. Providence. RI 02908. 

Chronic: myelogenous leukemia (CML) cells express an abnormal constitutively active protein-tyrosine 
kimse (P210b-d1)  as a result of the fusion of the h a n d  abl genes in the Philadelphia chromosome (Phl). 
Phl-positive CML cell lines and peripheral blood mononuclear leukocytes have been shown to possess a 
characteristic spectrum of tyrosine-phosphorylated proteins by affinity chromatography on  a monoclonal 
sn!ibody to phosphotyrosine. These proteins may be substrates of the P210bm-d1 kinase and may be growth- 
or diffcrentiation-related signal transducing proteins. In order to further characterize these proteins. we 
have examined proteins phosphorylated on tyrosine by stimulation of non-CML cell lines with specific 
hematopoietic growth factors. Colony-stimulating factor 1 (CSF-1. M-CSF) supports the growth and 
maturation of monocyte and macrophage cells i n  culture. Its receptor, the product of the c-Jms proto- 
oncogene, is  a ligand-stimulated protein-tyrosine kinase. Cells of the human chorlocarcinoma cell line, 
BeWo. known to express the CSF-1 receptor, were metabolically labelled with 32Pi and stimulated with 
recombinant human CSF- 1 ,  resulting in the specific phosphorylation of a 56kDa protein. Phosphopeptide 
mapping of this protein by staphylococcal V8 protease gave a n  identical pattern to that  of the 56kDa 
phosphoprotein of CML cells. indicating that they are  the same protein. Thus, the phosphorylation of a 
56kDa protein ordinarily resulting from growth factor stimulation is seen to occur constitutively in CML 
cells. Further characterization of this protein and i ts  possible relation to members of the protein-tyrosine 
kinase family will be presented. 
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C 142 NOVEL GENE INDUCTION IN RESPONSE TO DEFINED MITOGENIC SIGNALS, Steven G. Irving, 
Peter F. Zipfel, Kathy Kelly and Uli Siebenlist, NCI and NIAID, National Institutes 

of Health, Bethesda, MD 20892 

A cDNA library, highly enriched for genes induced in the initial stages of mitogenic 
stimulation of human peripheral blood T cells, was constructed by subtractive cloning 
techniques. PHA and PMA were used to stimulate the cells which served as the RNA source 
for the cloning procedure; this combination of mitogens stimulates virtually all the cells 
in a given population of peripheral blood T cells. 
induced genes to mitogenic monoclonal antibodies specific for defined cell-surface 
structures was examined in order to: 1) define regulatory groups of coordinately expressed 
genes, and 2)  correlate or uncouple gene expression with mitogenesis. 

was examined by northern blot analysis. Monoclonal antibodies which are known to bind to 
different surface structures (OKT3, o(-T cell receptor, d-T-11, 9 . 3 1 ,  the mitogenic lectin, 
PHA, and chemicals which have mitogenic activity (PMA, Ionomycin) were used. Analysis of 
the expression of the genes assayed (either with OK without the inclusion of  PMA as a 
comitogen) enabled the subdivision of the genes into subgroups based on their responses to 
the various mitogens. Furthermore, groups of mitogenic stimuli could be discriminated, 
based on whether similar genes were induced by the agents used and on the presence or 
absence of a PMA (comitogenic) effect on the induction of the genes examined. 

Therefore, the response of PHA/PMA 

The expression of ten novel induced genes, in response to various T cell mitogens, 

c 143 INTERLEUKIN 2 SIGNAL / RESPONSE COUPLING: SEARCH FOR SECOND MESSENGERS. S.J. LeGrue. 
The University of Texas M. D. Anderson Hospital. Houston. TX. 77030. 

This study tested the hypothesis that the coupling of interleukin 2 (IL 2) binding to its specific memb:ane recen!or with 
CellUlar proliteration is mediated by the generation of intracellular second messengers. The IL 2-dependant murine 7 cell !in? 
CTLL-2 was stimulated with recombinant human IL 2 (rhlL 2), and subsequent changes in intracellular Ca2+ ([Can+]i), 
intracellular pH (pHi), and membrane potential were assessed using fluorescent indicators. No increase in [CaZ+]i was 
observed in IL 2-stimulated CTLL-2 cells using Fura-2. Similarly, no evidence was obtained to implicate either the Na+/H+ 
antiporter or the Na+/K+ ATPase in delivery of the proliferative stimulus, because no changes were detected in either pHi or 
membrane potential subsequent to rhlL 2 stimulation. These lluorometric studies were confirmed by the failure of either 
amiloride (250 pM) or oubain (< 200pM) to significantly block growth. The role of protein kinase C (PKC) in IL 2 signaling 
was examined by pretreating the cells with high concentrations of phorbol ester (TPA) lor 8 h prior to IL 2 stimulation to 
down-regulate intracellular PKC. Preincubation of CTLL-2 cells with 400 nM TPA had no effect on either baseline or 
stimulated thymidine incorporation, consistant with the static [Ca2+]i following rhlL 2 binding. Finally, we evaluated the 
contribution of G-proteins to IL 2 signaling by pretreatment with pertussis toxin or cholera toxin (CT) lo modulate Gi or Gs, 
respectively. Pertussis toxin (100 ng/ml) had no effect on IL 2-driven proliferation. Cholera toxin showed a time and dose 
dependent reduction in the absolute proliferative response (ICso = 0.7 ng/ml at 4h), although the kinetics of the IL 2 
response were unanected. The effect of 1 to 10 ng/ml CT was maximal when added 6 halter rhlL 2, and was reversible if the 
CT as removed within the first 2 h after addition of rhlL 2. Together, these data suggest that the unique proliferalive stimulus 
provided by IL 2 does not use the same types of intracellular second messengers generated subsequent to the binding of 
antigen or mitogen by T cells. ( Supported by The University of Texas Cancer Foundation. ) 

c 144 

Circumstantial evidence suggests that internalized insulin may play some role in the 
overall mechanism of hormone action. Determining whether intracellular insulin does 
modulate metabolism requires experiments in which the hormone can be introduced into a 
cell with minimal disruption and in which metabolic effects are measured in the same cell; 
for most cells, small size makes such experiments technically difficult. I have found 
that Stage IV oocytes from Xenopus laevis (-800 um diameter) provide a test system in 
which to study the mechanism of insulin action. Like insulin-responsive somatic cells, 
these oocytes increased rates of RNA, protein and glycogen synthesis when exposed to 
nanomolar extracellular insulin. When oocy es were maintained under paraffin oil and 
insulin microinjected into the cytoplasm, 'H-GTP incorporation into RNA increased. Doses 
as low as 15 fmoles/cell stimulated significantly and -50 fmoles doubled incorporation 
(maximal effect). When oocytes were first exposed to external insulin (in Ringer's), then 
transferred to oil and microinjected with 19 fmoles insulin, the stimulatory effects of 
external and intracellular insulin were at least additive, suggesting separate sites 
and/or mechanisms of action. Finally, when oocyte nuclei were isolated under oil and dosed 
directly with insulin, GTP incorporation into nuclear RNA increased. The cell micro- 
injection data provide the first direct demonstration that intracellular insulin affects 
any metabolic process in an intact cell. The experiments with isolated nuclei suggest a 
nuclear site of action, which operates in the absence of plasma membrane or cytoplasm. 

MICROINJECTED, INTRACELLULAR INSULIN STIMULATES RNA SYNTHESIS IN AN INTACT CELL, 
David S. Hiller, Lab of Pharmacol, NIH-NIEHS, Research Triangle Pk, NC 27709. 
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C 145 HEMATOPOIETIC GROWTH FACTOR-SPECIFIC ACTIVATION OF PROTEIN TYROSINE PHOSPHORYLATION 
I N  INTERLEUKIN-3 DEPENDENT MURINE CELL LINES, Alex 0. Morla, Jolanda Schreurs, 

Atsushi Miyajima and Jean Y . J .  Wang, Universi ty  of Ca l i fo rn ia ,  San Diego, La J o l l a ,  CA 
92093, and DNAX Research I n s t i t u t e ,  Palo Alto,  CA 94304. 
The mult i - l ineage hematopoietic colony s t imu la t ing  f a c t o r ,  inter leukin-3 (IL-3), is  shown 
t o  s t imu la t e  the  ty ros ine  phosphorylation of s p e c i f i c  p r o t e i n s  i n  IL-3 dependent myeloid 
and mast c e l l  l i n e s .  Pu r i f i ed  murine IL-3 a c t i v a t e s  t h e  ty ros ine  phosphorylation of pro- 
t e i n s  of molecular mass 95, 90, 70 and 55 Kda i n  a l l  fou r  c e l l  l i n e s  and an a d d i t i o n a l  
160 Kda p r o t e i n  i s  s t imulated i n  the  two mast c e l l  l i n e s .  The ha l f  maximal concentrat ion 
of IL-3 required f o r  t he  s t imu la t ion  of p r o t e i n  ty ros ine  phosphorylation c o r r e l a t e s  c lose ly  
with the  apparent Kd of IL-3 r ecep to r s  i n  these  c e l l s .  The IL-3 induced ty ros ine  phosphory- 
l a t i o n  i s  a r ap id  and t r a n s i e n t  event ,  reaching a maximum l e v e l  within 5-10 minutes. The 
s p e c i f i c i t y  of t y ros ine  phosphorylation of t hese  p r o t e i n s  t o  IL-3 i s  shown by s t imu la t ion  
experiments with o the r  growth f a c t o r s .  IL-2 had no e f f e c t  on t y ros ine  phoshorylat ion in 
these c e l l  l i n e s ,  while granulocyte-macrophage colony s t imu la t ing  f a c t o r  s t imu la t ion  
r e s u l t e d  i n  only a small i nc rease  i n  ty ros ine  phosphorylation i f  any. On t h e  o the r  hand, 
IL-4 s t imulated 
170 Kda, and 110 Kda i n  a l l  c e l l  l i n e s  t e s t e d .  The s t imu la t ion  of t y ros ine  phosphorylation 
by IL-3 and IL-4 was not  mediated by the  a c t i v a t i o n  of p r o t e i n  kinase C .  The f ind ing  t h a t  
IL-3 s t imu la t e s  t y ros ine  phosphorylation he lps  t o  exp la in  t h e  non-autocrine abrogat ion 
of IL-3 dependence caused by ty ros ine  k inase  oncogenes. 

an inc rease  i n  ty ros ine  phosphorylation of p ro t e ins  of molecular mass 

C 146 ROLES OF CALMODULIN AND PROTEIN KINASE C IN REGULATION OF GENE EXPRESSION I N  
MITOGEN-ACTIVATED T LYMPHOCYTES, D.R. Morris, Department of Biochemistry, 

Universi ty  of Washington, S e a t t l e .  The c e l l u l a r  l e v e l s  of t h e  mRNA coding f o r  c-F and 
o r n i t h i n e  decarboxylase (ODC) a r e  r ap id ly  e l eva ted  a f t e r  a c t i v a t i o n  of bovine T-cells v i t h  
t h e  mitogenic l e c t i n  concanavalin A (ConA). The r egu la t ion  of  t he  c - m m  gene i s  l a rge ly  
a t  t h e  t r a n s c r i p t i o n a l  l e v e l ,  while  t h a t  of ODC is pos t - t r ansc r ip t iona l  [Mol. C e l l .  Biol. 
- 7, 3004 (1987)j. Act ivat ion of  p r o t e i n  k inase  C (PK-C) i s  both necessary and s u f f i c i e n t  
f o r  t h e  pos t - t r ansc r ip t iona l  e l e v a t i o n  of ODC mRNA. Thus, ODC is induced by phorbol 
e s t e r s  and i t s  induct ion by ConA is blocked by H-7, but not W-7. The s i g n a l i n g  pathways 
t h a t  r e s u l t s  i n  s t imu la t ion  of c - m m  t r a n s c r i p t i o n  a r e  more complex and seem t o  involve a 
calmodulin-dependent r eac t ion  p r i o r  t o  a s t e p  dependent on a c t i v p i o n  of PK-C. Induct ion 
of c-myc by ConA is s p e c i f i c a l l y  inh ib i t ed  by W-7 and a l s o  by Cd +. 
themselves do not a c t i v a t e  t r a n s c r i p t i o n  o f  c-mm, but i nduc t ion  of t h i s  gene by ConA i s  
i n h i b i t e d  by H-7. 
precede the  a c t i v a t i o n  of  a t r a n s c r i p t i o n  f a c t o r  by a pathway involving PK-C. 
conclusion, d i f f e r e n t  genes induced e a r l y  i n  t h e  process  of mitogenic a c t i v a t i o n  a r e  
regulated a t  d i f f e r e n t  l e v e l s  and a r e  coupled t o  d i f f e r e n t  transmembrane s i g n a l i n g  
pathways involving calmodulin and PK-C. 

Phorbol e s t e r s  by 

We suggest  t h a t  a calmodulin-induced change i n  chromatin s t r u c t u r e  must 
In 

c147 SUPEROXIDE AS AN INDUCER OF INCREASE I N  INTRACELLULAR pH, DNA 
SYNTHESIS AND EXPRESSION OF ONCOGENES, K i y o s h i  Nose, Motoko Sh ibanuma  

a n d  T o s h i o  K u r o k i ,  D e p a r t m e n t  o f  C a n c e r  C e l l  R e s e a r c h ,  I n s t i t u t e  o f  M e d i c a l  
S c i e n c e ,  U n i v e r s i t y  o f  Tokyo ,  S h i r o k a n e d a i ,  M i n a t o - k u ,  Tokyo  1 0 8 ,  J a p a n .  
P o l y p e p t i d e  g r o w t h  fac tors  a n d  t u m o r  p r o m o t i n g  p h o r b o l  esters s t i m u l a t e  
q u i e s c e n t  cel ls  t o  u n d e r g o  p r o g r e s s i o n  t h r o u g h  ce l l  c y c l e ,  a n d  t h e  e a r l i e s t  
r e s p o n s e s  a f t e r  t h e  s t i m u l a t i o n  i n c l u d e  i n c r e a s e  i n  i n t r a c e l l u l a r  pH ( p H i )  
a n d  p r o d u c t i o n  of s u p e r o x i d e .  W e  e x a m i n e d  t h e  e f f e c t  o f  s u p e r o x i d e  
g e n e r a t e d  by x a n t h i n e / x a n t h i n e  o x i d a s e  ( X / X O D )  o n  pHi  of U937 ce l l s  a n d  on  
DNA s y n t h e s i s  i n  r e s t i n g  BALB/3T3 c e l l s .  
(1) 4R-Phorbo l  d i b u t y r a t e  i n c r e a s e d  pHi  i n  U937 ce l l s  a n d  t h i s  i n c r e a s e  w a s  
i n h i b i t e d  b y  s u p e r o x i d e  d i s m u t a s e .  X/XOD i n c r e a s e d  p H i  i n  U937 c e l l s  
c o m p a r a b l e  t o  t h a t  b y  t h e  p h o r b o l  ester.  ( 2 )  When 3T3 ce l l s  i n  q u i e s c e n t  
s t a t e  w e r e  t r e a t e d  w i t h  s u i t a b l e  c o n c e n t r a t i o n s  of X/XOD, DNA s y n t h e s i s  was 
i n d u c e d  1 2  t o  24 h r  a f t e r  t h e  t r e a t m e n t  t o  a s i m i l a r  e x t e n t  i n d u c e d  b y  
s e r u m .  L a b e l i n g  i n d e x  was a l s o  i n c r e a s e d ,  and  t h e s e  responses were 
i n h i b i t e d  by a s p e c i f i c  i n h i b i o r  f o r  XOD ( a l l o p u r i n o l ) .  A c c u m u l a t i o n  o f  
p r o t o - o n c o g e n e  c-myc a n d  c - f o s  mRNA was i n d u c e d  6 0  min a f t e r  a d d i t i o n  of 
X/XOD. T h e s e  results s u g g e s t  p o s s i b l e  i n v o l v e m e n t  o f  s u p e r o x i d e  i n  t h e  
m i t o g e n i c  s t i m u l i .  
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c 1 4 8  TRANSFORMING GROWTH FACTOR-R (TGFR) AND BASIC FIBROBLAST G R O W  FACTOR (FGF) REGULATION OF 
ENDOTHELIAL CELL ORNlTHlNE DECARBOXYLASE (ODC), Jack W. Olson, Bernhard Hennig and Mark N. 
Gillespie. University of Kentucky, College of Pharmacy, Lexington, KY 4053 

Endothelial cells (ECs) have a major role in a number of responses such as angiogenesis, atherogenesis. inflammation and 
wound healing. A number of these EC functions are known to be regulated by a variety of growth factors including TGFR 
and FGF. Since cellular synthesis of proteins, RNA and DNA requires polyamines, we evaluated the significance of several 
intracellular signaling pathways in mediating FGF and TGFR activation of ODC, the rate limiting enzyme in polyamine bio- 
synthesis. Four hours of exposure of cultured quiescent porcine pulmonary vascular ECs to either FGF or TGFR signifi- 
cantly increased ODC activity in a dose-response fashion, with maximum stimulation Observed at 25 nglml (157f-10 vs 
2013f62 vs 475+25 pmoles CO2160 midmg protein: control vs FGF vs TGFR). Interestingly, 5 nglml of TGFR added 
2 hours prior to a 4 hour incubation with 25 nglml FGF significantly incresed ODC activity in super additive fashion, but 
this response was not observed when TGFR was added at the same time as FGF. Since phorbol 12-myristate 13-acetate 
(PMA) or sn-12-dioctanoylglycerol significantly elevated ODC activity. the effect of the protein kinase C (pkC) inhibitor 
H-7 was examined. ODC stimulation by 25 nglml FGF was inhibited in a dose-related manor, with 10 pM H-7 producing a 
72% inhibition. In contrast 10 pM H-7 had no influence on TGFR stimulated ODC activity. Down regulation of pkC. 
accomplished by a 16 hour PMA pretreatment. completely prevented the stimulation of ODC activity by either 3 pM PMA 
or 25 nglml FGF, but 5nglml TGFR significantly increased ODC activity. Thus further implicating FGF actions on ODC as 
pkC-dependent and TGFR as pkC-independent. Pretreatment with pertusis toxin did not alter control or FGF-stimulated 
ODC activity, but significantly inhibited TGFR-stimulated ODC activity by 25% suggesting partial involvement of a G pro- 
tein in transducing the TGFR signal. The calmodulin antagonist w-7  signifcantly inhibited ODC activation by both FGF and 
TGFR. These data suggest that there are at least two different signal transduction mechanisms for ODC activation in ECs. 
Supported in part byPHS grant HL36404. 

c 149 BIOCHEMICAL CHARACTERIZATION OF NOVEL trk ONCOGENE PRODUCTS AN0 THEIR PUTATIVE 
SUBSTRATES, Ralph Oskam*, Sylvia Giordanoq, Francois Coulier*, Paolo Comogliol, 

and Mariano Barbacid*. * BRI-Basic Research Program, Frederick Cancer Research Facility, 
Frederick, MD 21701, and "ept. of Biomedical Sciences and Oncology, University of Turin 
Medical School, 10126 Turin, Italy. 

We have recently identified thirteen new trk oncogenes generated during the course of gene 
transfer assays with normal trk proto-oncogene cDNA sequences. Each of these trk oncogenes 
code for proteins that retain and exhibited an intact carboxy terminus. Biochemical 
characterization of these novel trk oncogene proteins revealed two substantially different 
subsets of molecules. Whereas the products of trk V and trk IX were transmembrane glycopro- 
teins, the remaining trk oncogene products appeared to be soluble cytoplasmic proteins. 
These findigns raised the possibility that the products of those in vitro generated trk 
oncogenes may interact with different substrates depending upon the nature of their NH2- 
terminal activating sequences. To identify such substrates, we have studied the pattern of 
phosphotyrosine (P-Tyr)-containing proteins in normal and w - t r a n s f o r m e d  NIH3T3 cells using 
anti-P-Tyr antibodies. As control, we used cells expressing a non-transforming p-actin w 
chimera which codes for a 70 kd protein that retains tyrosine kinase activity. At least 
five different substrates were found to be specifically phosphorylated in all trk-trans- 
formed cells. Three additional P-Tyr-containing proteins were identified in cells expres- 
sing transmembrane trk gene products independently of whether they were transformed (trk V 
oncogene) or not (trJ proto-oncogene). Finally, only the transforming trk proteins were 
recognized by anti-P-Tyr antibodies suggesting that oncogenic activation of these molecules 
requires their phosphorylation in tyrosine residues. 

C 150 

of Pennsylvania, &ladelphia, PA 19104. 
The platelet-derived growth factor (PCGF) and other agents inducing competence including 
pituitary fibroblast qrcwth factor (FGF) have previously been sham to stimulate density 
arrested BAzB/c-3T3 cells to rapidly (within one hr) and selectively synthesize a 29 kD 
nuclear protein termed PI. Synthesis was inhibited by actin-cin D. "he 29 kD protein 
appears to be a degradation prduct of a 31 kD PEF dulated protein. 'Ihe 31 kD PI is not 
solubilized from isolated nuclei by treatment with mi-1 nuclease or 2 M salt: 
solubilization requires the use of detergents or organic solvents sqgesting that PI is an 
integral membrane protein. We have fugher characterized PI using reverse phase 
chrmatcgraphy. Nuclei of PCGF-treat& S-mthionine labeled BAzB/c-3T3 cells were 
sonicated, extracted with 2 M salt and solubilized in formic acid/Z-propml. PI was 
purified by reverse phase HPIC on a Boxlapack C18 column using a 5-40% propano1 gradient in 
60% formic acid. PI from P E F  (or FGF) treated cells eluted at a 20-21% propno1 
concentration demonstrating a high degree of hydrophobicity. Little PI was found in this 
fraction when cells were treated with platelet-poor plasma, damnshating grcwth fador 
specificity. Treatment of cells with sodium m i t e  induced the selective synthesis of a 
similar protein suggesting an overlapping pathway of growth factor and heavy metal related 
processes. C18 purified PI was idinated and found to be abut 20% pure using SIX-PAGE. 
Reverse phase chromatography on a C4 column yielded a prcduct estimated to be 95% pure. 

CHAWLCTERIZATION AND R~RIFICATION OF PI, A PEF MODUIATED NUCLEAR PROTEIN, suhas 
Disa and Char l e s  D. Scher, !Ihe Children's Hospital of Philadelphia, University 
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Research, University Hospital, Basel, Switzerland. 
Multiple phosphorylation of S6 by a cytosolic kinase ( S  
site for the activation of protein synthesis associated6with the transition of cells from 
a quiescent to a proliferative state of growth. S 
activation, via phosphorylation, as a consequence60f growth factor (EGF, IGF, PDGF inter 
alia) interactions with membrane receptors. Purified human platelet thrombospondin (TS) 
was shown to activate S kinase in vascular smooth muscle cells in a dose- (1-9 vg/ml) and 
time-dependent manner. Bow, regulation of EGF and IGF receptors by prior treatment of 
cells with the growth factors did not reduce this effect. Kinase activation by TS was only 
marginally reduced in the presence of PDGF specific antibody at levels that totally 
inhibited PDGF (5 ng/ml) induced activation. Additionally, TS elicits a rapid dose-depend- 
ent phosphoinositide turnover response analogous to that of PDGF, EGF and IGF. Prior 
treatment of cells with TPA for 48 hrs in serum free culture medium resulted in a small 
enhancement of S 
complete loss in'the ability of TPA to activate this enzyme. 

ACTIVATION OF S6 KINASE BY SUBMITOGENIC LEVELS OF THROMBOSPONDIN, Tim Scott- 
Burden, Therese J .  Resink, Ursula Baur and Fritz R. Buhler, Department of 

kinase) appears to be a prerequi- 

kinase itself has bpen shown to undergo 

kinase activation by TS and the growth factors already mentioned but a 

c 152 ACTIVATION OF CASEIN KlNASE 11 IN RESPONSE TO INSULIN AND TO EPIDERMAL 
GROWTH FACTOR, James Sommercorn, Jenny A. Mulligan, Fred J. Lozeman, and Edwin G. Krebs, 

Howard Hughes Medical Institute and Department of Pharmacology, University of Washington, Seattle, 
Washington 98195. Insulin treatment enhances casein kinase I1 (CKII) activity in 3T3-LI adipocytes and H4-11E 
rat hepatoma cells, the magnitude of the activation varying from 30% to 150%. Activation of CKII was apparent 
after 5 min of exposure of 3T3-Ll cells to insulin, was maximal by 10 min, and persisted through 90 min. The 
insulin-stimulated activity was inhibited by low concentrations of heparin and was stimulated by spermine. 
Activation of CKII was effected by physiological concentrations of insulin (EC50 = 0.15 nM), suggesting that the 
effect is a true insulin response and not one mediated through insulin-like growth factor receptors. Epidermal 
growth factor (100 ng/ml for 10 min) also activated CKII in A431 human carcinoma cells, which is consistent with 
other observations that insulin and epidermal growth factor may have some common effects. Insulin stimulation of 
CKII activity was due to an increase in the maximum velocity of the kinase; the apparent Km for peptide substrate 
was not altered. Enhanced activity did not appear to result from increased synthesis of CKII protein, because 
cycloheximide did not block the effect and because a Western blot, developed with antiserum to CKlI, showed no 
effect of insulin on the cytosolic concentration of CKII. Because insulin-stimulated CKII activity was maintained 
after chromatography of cell extracts on Sephadex G25, it is unlikely that the effect is mediated by a low-molecular- 
weight activator of the kinase. Rather, the results are consistent with the possibility that insulin activates CKII by 
promoting a covalent modification of the kinase. 
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City University of New York, 695 Park Avenue, New York, NY 10021. The recently 
characterized 9E3 gene is transcriptionally activated in response to the kinase activity 
of v-G and v-fps. This activation is transformation-sensitive (1). To determfne signal 
transduction pathways used by v-E and v-*, we have tested the response of 9E3 to the 
kinase activities of v-= and v-= in the presence of drugs that selectively block known 
signal transduction intermediates. We have found that H7, a specific inhibitor of protein 
kinase C, blocks the turn on of 9E3 induced by v-src and v-fps. 
protein kinase C is required for the transductionof signalsnduced by v-src and v-*. 
Consistent with this, TPA, which activates protein kinase C, leads to increased synthesis 
of the 9E3 message. We have also found that mepacrine, at concentrations reported to be 
specific for phoapholipase A2, blocks the v-src and v-fps induced turn-on of 9E3. 
induction of 9E3 is also blocked by mepacrincsuggestK an involvement of phospholipase 
A2 downstream from protein kinase C in a transduction cascade. Thus far no differences 
between v-E and v-* signal transduction have been detected for the induction of 9E3. 
1) Sugano, S., Stoeckle, M.Y., and Hanafusa, H. (1987). Transformation by Rous sarcoma 
virus induces a novel gene with homology to a mitogenic platelet protein. Cell 49: 321- 
328. 

INHIBITORS OF PROTEIN KINASE C AND PHOSPHOLIPASE A2 BLOCK SIGNAL TRANSDUCTION BY 
V-% AND V - E ,  Rudolph Spangler and David A. Foster, The Hunter College of the 

This suggests that 

The TPA 
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Increased free intracellular calcium (Ca,) has been postulated to be one of the main re- 
gulators of cell growth and differentiation. In order to measure more precisely the changes 
of Cai in individual cells, we have used digital image analysis of intracellular Fura-2 
fluorescence in quiescent BALB/c 3T3 cells stimulated with platelet-derived growth factor 
(PDGF)and fibroblast growth factor (FGF).Purified PDGF (1 - 8 U/ml) induced a rapid, some- 
times biphasic increase in Cai that was dose-related to the percent of cells made competent 
by PDGF (subsequent growth in 1% platelet-poor-plasma). Purified and recombinant FGF (100 - 
1600 pg/ml) also produced rapid. biphasic increases in Cai. but, in contrast to PDGF, the 
magnitude of Cai increases and the percent of cells responding (> 2 - fold Cai increase) 
was not related to the percent of cells made competent by FGF. For both growth factors, the 
initial. rapid increase in Cai did not require extracellular calcium, whereas the second, 
more sustained increase did not occur when extracellular calcium was chelated by EGTA (1mM). 
Both nuclear and cytosolic [Ca2+] increased with similar kinetics, implying that calcium 
changes in both the cell compartments could be important in the stimulation of mitogenesis. 
Intracellular calcium chelators (Quin 2, BAPTA) also inhibited both competence and Cai in- 
creases induced by PDGF, while the effect on FGF stimulation was less clear.Thus, two diff- 
erent polypeptide growth factors, both of which induce early mitogenic events (competence) 
must utilize different intracellular signals in the stimulation of gene expression and cell 
proliferation. 

CHANGES IN FREE INTRACELLULAR CALCIUM INDUCED BY PDGF AND FGF, Robert W. Tucker, 
David Chang and Kim Weade-Cobun,Johns Hopkins Oncology Center, Baltimore, Md 20205. 

c 155 TRANSFORMING GROWTH FACTOR INDUCES CALCIUM MOBILIZATION IN A431 CELLS. 
Larry A. Wheeler, Danon Goodrum & George Sachs, Dept. of Biological Sciences, 
Discovery Research, Allergan Inc./Herbert Labs, Irvine, CA 92715. 

Transforming growth factor-& (TGF-d) is a mitogenic polypeptide that is structurally related 
to epidermal growth factor (EGF) and binds to the EGF receptor (J. Massaque TIBS 10:237, 
1985). To investigate receptor-effector coupling mechanisms for TGF-at, Ca2; mobilization 
studies were undertaken with the Ca2+ sensitive fluorescent dye fura-2 in A431 cells. 
tion of TGF-.I induced a dose related (ED50=7ng/ml), rapid biphasic rise in free cytosolic 
Ca2+ [(CaZ+)i]. 
returned toward baseline over 20 min. 
treated with TGF-r there was a rapid 5-fold increase in [Ca2+Ii that peaked within 20 sec 
but returned to baseline in 3 min. 
both extracellular sources as well as release from intracellular stores. The putative 
TGF-d antagonist, sequence 34-43 did not block EGF or TGF-*induced Ca2+ mobilization, nor 
did the EGF peptide fragment (20-31) induce Ca2+ mobilization. 
used to explore further TGF-6 induced Ca2+ mobilization. Studies with 0.3nM TPA for 2 min 
resulted in selective loss of the Ca2+ uptake through the plasma membrane but not intra- 
cellular Ca2+ signalling. 
due to Ca2+ release from intracellular stores. 
tein 'xinase C had no effect on the [Ca2+Ii response. 
lization is an important action by which TGF-&induces its effects on cells aild that com- 
pounds that alter Ca2+ itiobilization can inhibit the actions of TGF-econ cell growth. 

Addi- 

A maximal response (300-600nM) was obtained after 15-30 sec and slowly 
When cells were suspended in Ca2+ free media and 

These studies show TGF-dwas able to mobilize Ca2+ from 

The phorbol ester TPA was 

TPA did not alter bradykinin induced Ca2+ mobilization that is 
A phorbol ester that does not activate pro- 

These studies suggest that Ca2+ niobi- 

Receptors 
c 200 CHARACTERIZATION OF HUMAN GM-CSF RECEPTORS ON NON- HEMATOPOIETIC CELLS. G.C. 

Ba ldwin ,  J .  D i P e r s i o ,  S.E. Kaufman, S.G. Quan, D.W. Golde, and J.C. Gasson. 
D i v i s i o n  o f  Hematology-Oncology, UCLA School  o f  Med ic ine ,  Los Angeles, C A  

Human GM-CSF (granulocyte-macrophage c o l o n y - s t i m u l a t i n g  f a c t o r )  s t i m u l a t e s  c o l o n y  
growth  o f  m y e l o i d  p r o g e n i t o r s ,  and enhances t h e  d i f f e r e n t i a t e d  f u n c t i o n  o f  mature  
e f f e c t o r  c e l l s .  Smal l  c e l l  carcinoma c e l l  l i n e s  (SCCL) have p r o p e r t i e s  o f  APUO c e l l s  
and h i g h  l e v e l s  o f  t h e  key APUD c e l l  enzyme, L -aromat ic  amino a c i d  decarboxy lase .  
A l though t h e y  have been hypothes ized t o  be o f  neuroendocr ine  o r i g i n ,  SCCL were r e p o r t e d  
t o  be r e s p o n s i v e  t o  CSFs i n  v i t r o .  We have c h a r a c t e r i z e d  s p e c i f i c  b i n d i n g  o f  t h e  
hematopo ie t i c  g rowth  f a c t o r ,  GM-CSF, t o  SCCL. GM-CSF b i n d s  t o  SCCL v i a  a s i n g l e  c l a s s  
o f  h i g h  a f f i n i t y  r e c e p t o r s  (Kd -35 pM, -50 s i t e s / c e l l ) .  B iochemica l  c r o s s - l i n k i n g  
a n a l y s i s  shows a 1251-cross- l inked complex o f  98,000 d a l t o n s .  i n d i c a t i n g  a m o l e c u l a r  
w e i g h t  f o r  t h e  GH-CSF r e c e p t o r  o f  84.000 d a l t o n s .  The e s t i m a t e s  f o r  r e c e p t o r  a f f i n i t y  
and m o l e c u l a r  w e i g h t  a r e  i n  agreement w i t h  o u r  r e c e p t o r  s t u d i e s  o f  n e u t r o p h i l s .  CML and 
HL-60 c e l l s .  I n  v i t r o ,  SCCL respond t o  GM-CSF i n  c o l o n y  growth  assays. I t  i s  i m p o r t a n t  
t o  assess t h e  e f f e c t  o f  CSFs on tumor c e l l  l i n e s ,  as t h e  CSFs have r e c e n t l y  been 
proposed f o r  t r e a t m e n t  o f  p a t i e n t s  w i t h  s o l i d  tumors;  among these,  s m a l l  c e l l  carcinoma. 
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C 201 STRUCTURAL AND FUNCTIONAL MODEL OF THE PLATELET-DERIVED 
GROWTH FACTOR RECEPTOR EXTRACELLULAR DOMAIN, J. Fernando 

Bazanl.2, Robert J. Fletterickz, Jaime A. Escobedoz and Lewis T. Williams2, Univ. of 
California, Berkeley, CA 94720, and San Francisco, CA 94143 
Novel structure prediction and molecular modeling techniques are used to create a model 
for the tertiary structure of the extracellular region of the PDGF receptor (homologous to 
the CSF-1 receptor). This ligand-binding domain is found to be composed of five tandem 
P-rich immunoglobulin (1g)-like repeats. These structural subunits are unconventional 
repeats of heterogeneous amino acid length, poor sequence similarity and, in the case of 
one Ig-repeat, lacking the distinctive Ig-intrachain disulfide-bridge. We examine the 
prospect that these receptors bind distinct growth factors through a typical 
antibody-antigen relationship utilizing a cleft between two Ig folds. In analogy to the 
generation of diverse antigen-recognition structures in the immune system, PDGF 
receptor and homologues are predicted to bind very different growth factors by minimal 
changes in key recognition loops. In addition, the structural composition of their 
N-terminal domains link them to a subset of the Ig superfamily that includes primitive 
cell-surface molecules such as NCAM, suggesting an alternative function for the PDGF 
receptor as a cell-adhesion molecule. 

c 202 

Verkleij, Dept of Molecular Cell Biology, University of Utrecht, Utrecht, The Netherlands. 
Recently, evidence has been obtained in favor of a structural interaction between the epi- 
dermal growth factor (EGF) receptor and the Triton X-I00 insoluble cytoskeleton of epidermoid 
carcinoma A431 cells (J. Cell Biol. 103: 87-94 (1986)) .  Here we present a further analysis of 
the properties of the EGF receptors associated to the cytoskeleton. Steady state EGF binding 
studies, analysed according the Scatchard method, indicate that EGF is bound to the cyto- 
skeleton via high-affinity binding sites. Accordingly this class of receptors is further 
characterized by a slow dissociation of EGF from these receptors and by a rapid association 
of EGF to these receptors. After incubation of A431 cells for 2 hours at 4OC i n  the presence 
of EGF, scatchard analysis revealed a three-fold increase in the number of EGF-receptors 
associated to the cytoskeleton. These newly cytoskeleton associated receptors appeared to 
represent low-affinity receptors which demonstrated a fast dissociation of EGF from the 
receptors. The interaction of low-affinity receptors to the cytoskeleton, as induced by EGF, 
is apparently coincided with a clustering of receptors at the cell surface, as indicated by 
indirect immunofluorescence studies. Furthermore, these clusters apparently co-localize with 
patches of actin, indicating that actin plays a role in the interaction of EGF-receptors and 
the cytoskeleton. These results will be discussed in view of the recently proposed model of 
intermolecular activation of the EGF-receptor kinase by EGF. 

LIGAND INDUCED ASSOCIATION OF EPID$WJ> GROWTR FACTOR RECEPTOR WITH THE CYTOSKELETON 
OF A431 CELLS, Johannes Boonstra, Paul M.P. van Bergen en Henegouwen and Arie J. 

c 203 Growth Hormone (GH) Promoted Tyrosyl Phosphorylation of GH Receptors. 
C. Carter-Su, C. Foster and J. Shafer. Univ. of Michigan, Ann Arbor, MI. 48109 

As a first step towards determining whether the GH receptor was a ligand-activated 
tyrosine kinase, we Investigated whether GH promotes the phosphorylation of its receptor 
on tyrosyl residues. lZ5I-GH was cross-linked to its receptor in intact 3T3-F442A 
fibroblasts. Up to 19% of the subsequently solubilized (0.1% Triton X-100) 
1251-GH-receptor complexes (Mr = 134.000) bound to and could be eluted from a highly 
s ecific phosphotyrosine binding antibody. When cells were labeled metabolically with 
35Pi, incubation of cells with GH (29 ng/ml) for 1 h at 24O resulted in a 7-fold 
increase in the amount of a 114K phosphoprotein (pp114) which bound to the 
phosphotyrosine binding antibody. When higher concentrations of GH ( 2 . 2  ug/ml) were 
used, an increase in the amount of pp114 was evident as early as 1 min after GH addition 
and peaked in less than 10 min. When solubilized cells that had been incubated with GH 
were treated with anti-GH antibody, pp114 was immunoprecipitated, consistent with the 
notion that pp114 is a GH receptor and remains complexed with GH when cells are 
solublllzed. Phosphoamino acid anal sis of pp114 indicated tyrosyl phosphorylation. 
Studies of the interaction of 3rS-methionine labeled cell extracts with both 
phosphotyrosyl binding antibodies and anti-GH antibodies indicated that the GH receptor 
contains only 114,000 Hr chains and that the amount of phosphorylated GH receptor 
increased in response to GH. 
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C 204 GLYCOPROTEIN NATURE OF TRANSFORMING GROWTH FACTOR-B RECEPTORS. 
Joan Massague', Univ.  Mass. Med. Ctr., Worcester,  MA 01655 USA 

Se la  C h e i f e t z  and 

We have i d e n t i f i e d  3 c e l l  s u r f a c e  g l y c o p r o t e i n s  w i t h  es t imated  s i z e s  o f  65 kDa (Type I ) ,  
85-110 kDa (Type 11) and 280-330 kDa (Type 111) t h a t  have t h e  p r o p e r t i e s  o f  r e c e p t o r s  f o r  
TGFB. F r a n  t h e i r  s e n s i t i v i t y  t o  endo-6-N-acetylglucosaminidase F (Endo F) and r e s i s t a n c e  
t o  Endo H, Type I and Type I 1  r e c e p t o r s  b o t h  c o n t a i n  complex N - l i n k e d  carbohydra te  (CHO) 
c h a i n s  wh ich  c o n t r i b u t e  approx. 5 and 15-25 kDa r e s p e c t i v e l y  t o  t h e  s i z e  o f  t h e  a f f i n i t y  
l a b e l e d  r e c e p t o r s  as es t imated  by SDS-PAGE. Chemica l l y  removing a l l  p e r i p h e r a l  sugars 
w i t h  t r i f l u o r m e t h a n e s u l f o n i c  a c i d  (TFMS) inc reased t h e  m o b i l i t y  o f  t h e  Type I and Type I 1  
r e c e p t o r s  t o  t h e  same e x t e n t  as seen f o l l o w i n g  Endo F t r e a t m e n t  suggest ing  l i t t l e  i f  any 
0 - l i n k e d  CHO i n  t h e s e  receptors .  The s i t u a t i o n  i s  reversed f o r  Type I 1 1  where approx. 
h a l f  o f  t h e  apparent  m o l e c u l a r  we igh t  o f  t h e  r e c e p t o r  i s  due t o  TFMS s e n s i t i v e  0 - l i n k e d  
CHO and o n l y  5-10 kOa o f  N - l i n k e d  CHO. I n  a d d i t i o n ,  TFMS t r e a t m e n t  r o u t i n e l y  y i e l d e d  two 
p e p t i d e s  w i t h  m o l e c u l a r  s i z e s  o f  130 and 110 kDa independent o f  t h e  c e l l  l i n e  under 
i n v e s t i g a t i o n  suggest ing  a d d i t i o n a l  h e t e r o g e n e i t y  i n  t h e  Type I 1 1  r e c e p t o r .  Treatment o f  
c e l l s  w i t h  tun icamyc in ,  an i n h i b i t o r  o f  N - l i n k e d  g l y c o s y l a t i o n ,  r e v e a l e d  t h a t  t h e  Type I 1 1  
r e c e p t o r  r e q u i r e s  N - l i n k e d  CHO f o r  e i t h e r  e x p r e s s i o n  on t h e  c e l l  s u r f a c e  and/or t h e  
a b i l i t y  t o  b i n d  TGFB whereas t h e  a g l y c o  Type I and Type I 1  r e c e p t o r s  a r e  b o t h  expressed on 
t h e  c e l l  s u r f a c e  and a r e  a b l e  t o  b i n d  TGFE. 
b i n d i n g  s i t e s  o f  t h e  Type I and Type I 1 1  r e c e p t o r s  as r e f l e c t e d  i n  p e p t i d e  maps o f  t h e s e  
a f f i n i t y  l a b e l e d  receptors ,  t h e  Type I and Type 111 r e c e p t o r s  a re  d i s t i n c t  p r o t e i n s .  

Thus d e s p i t e  some s i m i l a r i t i e s  i n  t h e  l i g a n d  

C 205 IDENTIFICATION OF SUBUNITS OF THE IL-1 RECEPTOR ON MOUSE AND HUMAN CELLS, 
R. Chizzonite, M. Griffin, K. Paganelli, P. Kilian, T. Truitt, and A . S .  
Stern, Roche Research Center, Hoffmann-LaRoche, Inc., Nutley, N.J. 0711C 

IL-1 receptors p ent on mouse and human cells have been characterized by chemical 
crosslinking of '"1 labelled human IL-1 alpha, IL-1 beta and mouse IL-1 alpha to 

different cellular IL-1 receptors. Fol wing the binding and crosslinking of 
"'1-1,-1 to the respective cells, the '"I-IL-l/IL-I receptor complex was 
solubilized and either visualized directly by SDS-PAGE and autoradiography or 
immunoprecipitated with anti-IL-1 antibodies followed by SDS-PAGE and 
autoradiography. The results with mouse cells showed that human IL-1 alpha and beta 
yield crosslinked complexes of 120kD and 100kD, respectively, whereas mouse IL-1 
yields both the 120kD and lOOkD complexes. Both crosslinked complexes are blocked 
by adding excess IL-1 to the binding reaction. Similarily, both human IL-1 alpha 
and yield complexes of lOOkD and 90kD when crosslinked to the receptor derived 
from human cells. These results indicate that the IL-1 receptor is composed of two 
subunits of 105kD and 85kD on mouse cells and 85kD and 75kD on human cells. 
However, further studies have demonstrated the presence of a single subunit receptor 
on specific types of mouse and human cells, suggesting the possibility that each 
subunit may independently bind IL-1 and be expressed in a tissue specific manner. 

beta 

c 206 A PROTEIN TYROSINE KINASE ACTIVATED BY AUTOCRINE LOOP I N  A HUMAN GASTRIC 
CARCINOMA CELL LINE, Silvia Giordano, Loredana Chiado'-Piat, Riccardo Ferracini, Maria 
Flavia D i  Renzo, and Paolo M. Comoglio, Dept. of Biomedical Sciences 8 Oncolwy, 
University of Torino Medical School, 10126 Torino, Italy. 

Phosphotyrosine (P-Tyr) antibodies have been successfully used t o  identify the phosphorylated forms of growth 
factor receptors and oncogene-coded tyrosine kinases. While screening human tumor cell l ines using P-Tyr 
antibodies in "Western" blots, we detected i n  a gastric carcinoma cell lin a protein of 150 Kd, which i s  heavily 
phosphorylated a t  tyrosine. This protein (~150)  i s  labelled in vivo with 3qP-ortopho hate at tyrosine (at least 
three different sites) and serine residues. Furthermore, p150 i s  labelled by %, under non-permeating 
conditions, and can be cleaved by mild trypsin treatment of intact cells. I t  i s  also labelled wi th t r i t iated 
glucosamine and retained by lectin-Sepharose. Thus, i t  appears to  be a transmembrane glycoprotein with a 
domain exposed a t  the cell surface. Structural analysis performed under non-reducing conditions revealed that 
p150 i s  covalently linked t o  a polypeptide chain of 50 Kd, also exposed a t  the cell surface. Incubation wi th 
v32P-ATP of immunoprecipitates obtained with P-Tyr antibodies results in tyrosine phosphorylation of  the 150 
Kd subunit. P150 does not cross react with antibodies raised against known tyrosine kinases such as the EGF 
and PDGF receptors, or the proteins coded by the oncogenes src, abl, fes, fps and trk. P150 i s  rapidly 
dephosphorylated "in vivo" i f  the cells are treated with low pH or suramine, conditions known t o  dissociate 
ligands from their receptors. Moreover, in v i t ro  tyrosine phosphorylation of  p150 i s  significantly enhanced by 
the presence of  serum-free medium conditioned by the cell line. These data indicate that th is gastric tumor cell 
l ine expresses a 200 Kd two-chains complex with structural and physiological features similar to  growth factor 
receptors and that the associated tyrosine kinase 1s activated through an autocrine loop. 
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C207 PLATELET-DERIVED GROWTH FACTOR A-A, B-B, AND A-B FORMS ALL BIND TO AND ACTIVATE A 
PDGF RECEPTOR EXPRESSED BY A SINGLE cDNA CLONE. Shaun R. Coughlin, Jaime A .  

Eecobedo, and Levis T. Williams. 
California, San Francisco 94143. 
PDGF p u r i f i e d  f rom human p l a t e l e t s  i s  a d i s u l f i d e - l i n k e d  he terod imer  o f  two homologous 
po lypept ide  chains,  des ignated  A and 8. Other  c e l l  types have r e c e n t l y  been found t o  
express d i s t i n c t  forms o f  PDGF, A-A and B-B homodimers. Whether these d i s t i n c t  forms o f  
PDGF serve d i f f e r e n t  f unc t i ons  i s  unknown. Us ing  A-A and B-B homodimers produced i n  a 
yeas t  express ion  system and A-B he terod imer  p u r i f i e d  f rom p l a t e l e t s ,  we have shown t h a t  
t he  A-A, 6-6. and A-B forms o f  PDGF a re  a l l  capable o f  b i n d i n g  t o  human and mouse 
f i b r o b l a s t  PDGF recep to rs ,  a c t i v a t i n g  the  r e c e p t o r ' s  t y r o s i n e  k inase ,  and e l i c i t i n g  
mitogenesis.  The degree o f  recep to r  occupancy requ i red  t o  e l i c i t  a g i ven  l e v e l  o f  
m i togen ic  response was s i m i l a r  f o r  a l l  t h ree  forms o f  PDGF, suggest ing  t h a t  a l l  a c t  as 
recep to r  agon is t s  r a t h e r  than as p a r t i a l  agon is t s  o r  an tagon is t s .  Expression o f  mouse 
PDGF recep to r  cDNA i n  CHO c e l l s ,  which do n o t  no rma l l y  express PDGF recep to r  o r  respond 
t o  PDGF. con fe r red  responsiveness t o  a l l  t h r e e  forms o f  PDGF. These da ta  suggest t h a t  
t he  A-A, B-B, and A-B forms o f  PDGF a re  a l l  capable o f  a c t i n g  i n  a s i m i l a r  fash ion  v i a  
one PDGF recep to r .  Whether a d d i t i o n a l  types o f  PDGF recep to r  e x i s t  t h a t  might 
d i s t i n g u i s h  among the  t h r e e  forms o f  PDGF i s  unknown. 

Howard Hughes Medical Institute, University of 

c 208 

Davis, Department o f  B iochemis t ry ,  U n i v e r s i t y  o f  Massachusetts Medical School, 55 
Lake Ave. N.,  Worcester, MA 01655. 

an e x t r a c e l l u l a r  domain t h a t  b inds  EGF. a s i n g l e  transmembrane spanning region, and an 
i n t r a c e l l u l a r  domain t h a t  e x h i b i t s  t y r o s i n e - s p e c i f i c  p r o t e i n  k inase  a c t i v i t y .  
mechanism by which EGF a c t i v a t e s  t h e  t y r o s i n e  p r o t e i n  k inase  a c t i v i t y  i s  o f  g rea t  i n t e r e s t  
because t h i s  process i nvo l ves  transmembrane s i g n a l l i n g  between two f u n c t i o n a l  d m a i n s  o f  
t h e  receptor .  We have i n v e s t i g a t e d  t h e  hypothes is  t h a t  t h e  mechanism o f  s t i m u l a t i o n  o f  t h e  
recep to r  t y r o s i n e  p r o t e i n  k inase  a c t i v i t y  i s  coupled t o  and requ i res  t h e  o l i g o m e r i z a t i o n  o f  
t h e  receptor .  Ana lys i s  o f  t h e  e f f e c t s  o f  EGF on recep to r  o l i g m e r i z a t i o n  us ing  two 
separate assays based on d i f f e r e n t  phys i ca l  p r i n c i p l e s  i n d i c a t e d  t h a t  EGF caused t h e  
assoc ia t i on  o f  Mr=170Kd monomeric recep to rs  as aggregates (d imers  and perhaps h i g h e r  o rde r  
o l i g m e r s ) .  The methods used were sucrose d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  and chemical 
c ross - l i nk ing .  I n  each case t h e  phys i ca l  s t a t e  o f  t he  recep to rs  was analyzed by Western 
b l o t t i n g .  The r e s u l t s  show t h a t  t h e r e  i s  a s t rong  c o r r e l a t i o n  betwen t h e  fo rma t ion  o f  
o l i gomer i c  s t a t e s  o f  t h e  EGF recep to r  and t h e  a c t i v a t i o n  o f  t h e  t y r o s i n e  p r o t e i n  k inase. 
However, i t  was observed t h a t  t h e  recep to r  o l i g m e r i z a t i o n  was no t  requ i red  f o r  t h e  
a c t i v a t i o n  o f  t h e  k inase  which cou ld  occur under c o n d i t i o n s  i n  which ol igomers were n o t  
formed. 

RECEPTOR OLIGOMERIZATION I S  NOT REQUIRED FOR THE ACTIVATION OF THE EPIDERMAL 
GROWTH FACTOR RECEPTOR TYROSINE PROTEIN KINASE*, I n g r i d  Northwood and Roger J .  

The epidermal growth f a c t o r  (EGF) recep to r  i s  a Mr=170Kd g l y c o p r o t e i n  t h a t  c o n s i s t s  o f  

The 

C209STRUCTURAL ANALYSES OF A cDNA CLONE CORRESPONDING TO THE HUMAN 
PDGF RECEPTOR. A .  Eriksson, L. Severinsson, A. MorBn, C.-H Heldin. L. 
Claesson-Welsh, Ludwig Institute for Cancer Research, Box 595, aio- 
medical Center, S-751 23 Uppsala. 

The sequence of a cDNA clone, corresponding to the translated part. of 
the human PDGF receptor was determined. At the protein level th? 
highest homology between the murine (Yarden et al., Nature 232, 
226-232) and human translated nucleotide sequence, 98%, is seen in the 
tyrosine kinase domain. The insert in the tyrosine kinase domain 
without homology to other kinases is 86% homologous to the correspon- 
ding mouse sequence; in the extracellular parts of the receptors, 79% 
of the amino acids are identical. A protein product of the expected 
size was immunoprecipitated using a PDGF receptor antiserum, after in 
vitro transcription and translation of the cDNA. The protein will 
-zed for functions associated with the PDGF receptor, e.g. 
induction of tyrosine kinase activity by addition of the ligand, PDGF. 
Transfection of various receptor constructs are currently performed in 
order to pinpoint receptor functions to the different structural 
domains. 
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c 210 PDGF RECEPTOR MUTAGENESIS: STUDY OF RECEPTOR FUNCTION IN CELL LINES EXPRESSING 

PDGF treatment of cells transfected with the mouse PDGF receptor cDNA elicits a diverse 
group of biochemical responses. The diversity of these cellular responses has raised 
important questions about the structure and function of the receptor. To correlate the 
structural domains of the receptor with its function we have generated several PDGF 
receptor mutants. The role of the kinase insert region (Ki) and the C-tail region (Ct) of 
the receptor in PDGF-mediated mitogenesis was studied in receptor mutants that lack the 
Ki region and the Ct region respectively. In addition, using site-directed mutagenesis we 
generated and ATP-binding site mutant (K602) and a receptor mutant in which the consensus 
tyrosine for autophosphorylation was changed. Stable CHO cells expressing mutated forms 
of the receptor were analyzed for: PDGF binding, autophosphorylation, phosphorylation of 
a cellular substrate, (p32), down regulation, phosphoinositide turnover and cell 
proliferation. All the mutants expressed comparable amounts of the receptor at the cell 
surface. Our results indicate that mutation at the ATP-binding site and C-tail deletion 
abolish the tyrosine kinase activity of the receptor and most of the responses to PDGF 
are absent, except for down regulation. This suggests that PDGF receptor can internalize 
by a mechanism independent of tyrosine phosphorylation. Mutation at Y825 produced a cell 
line in which some of the early responses to PDGF are present but these cells did not 
proliferate. In this mutant p32 failed to phosphorylate. Deletion of the Ki region 
resulted in a cell line in which early responses to PDGF are intact but the proliferative 
response is defective. 

MUTATED FORMS OF THE PDGF RECEPTOR, Jaime A. Escobedo and Lewis T Williams, 
Univ. of Calif., Dept. of Med., Howard Hughes Med. Inst. San Francisco, CA.. 94143 

c 2 1 1  TP\APPING OF EPIDERMAI GROWTH FACTOR-TEDIICED RECEPTOR t):MERS RY CHEMTCAL CROSS- 
LTNKTNG, Bradford 0. Fanger,  Judy E .  Strphens and James V .  S t a ros ,  Vanderbil t 
Un ive r s i ty ,  Nashvi l le ,  'I" 37232. 

Receptors f o r  epidermal qrowth f a c t o r  ( E G F ) ,  OII exposure to EGF, form a d.imeric s p e c i e s  
which can be t rapped by c ross - l ink ing  with t h e  membrane-impermeant reagent  b i s [ s u l f o -  
succ.inimidy1 J sube ra t e .  This  M r  - 350,000 c ros s - l inked  r ecep to r  complex is  de tec t ed  i n  
EGF-treat.ed i n t a c t  A 4 3 1  and HeLa S3 c e l l s  and i n  f r e s h l y  prepared T r i t o n  X-100 e x t r a c t s  of 
A431 ce l l s ;  l i t t l e  or no dimeric  spec ie s  I S  c ross - l inked  i n  t h e  absence of EGF under 
otherwise i d e n t i c a l  cond i t ions .  The ext-ent OF t h e  M r  - 350,000 .:pecies c ros s - l inked  i n  
TciLon e x t r a c t s  appears  to c o r r e l a t e  w i i h  s t imu la t ion  of self- .phosphorylat ion of t h e  
r ecep to r  under a v a r i e t y  of cond i t ions ,  suggest ing an important connection between r ecep to r  
d imer i za t ion  and ki.nase s t.imul.ation. EGF-induced d imer i za t ion  is  also observed i n  EGF 
recep to r s  p u r i f i e d  a t  a phys io log ica l  pH by a novel procedure which uses 5% sodium 
deoxycholate t o  e l u t e  r ecep to r s  from t h e  EGF-affinity gel. This  implies  t h a t  EGF-induced 
d imer i za t ion  is an i n t r i n s i c  propert-y c f  t h e  r ecep to r  and does n o t  r e q u i r e  accessory 
p r o t e i n s .  However, when r ecep to r s  a r e  e l u t e d  from the  a f f i n i t y  ye1 by exposure to 5 mM 
ethanolamine a t  pH I 10, t.hey can be c ros s - l inked  in to  dimera i n  both t.he presence and 
absence of EGF. The d i f f e r e n c e  i n  t h e  aggregat ion s t a t e  of r ecep to r s  p u r i f i e d  a t  
phys io log ica l  and e l eva ted  ptl may explain :.he appa ren t ly  oppos i t e  results r epor t ed  by 
d i f f e r e n t  l a b o r a t o r i e s  concerning t h e  r o l e  o t  EGF receptor  aggregat ion i n  t.he a c t i v a t i o n  of 
i t s  ty rosy l  r e s idue - spec i f  ic  k inase  a c t i v i t y .  Supported by N I R  g r a n t s  DK25489, DK31880, 
and DK070hl. R.O.I.'. c u r r e n t  address:  Mer re l l  DOW Research I n s t i t u t e ,  Cincir1nat.i. OH. 

c212 EXOGENOUS KINASE ACTIVITY IN THE WILD TYPE AND MUTATED FORMS OF THE RECEPTOR FOR 
PDGF. Wendy J. Fantl, Jaime A. Escobedo, and Lewis T. Williams, University of 
California, Dept. of Medicine, Howard Hughes Med. Inst.. San Francisco, CA.. 94143 

One of the earliest events that occurs after PDGF binds to its receptor is activation of 
the receptor tyrosine kinase. 
structural modifications of the receptor on kinase activity were examined 
quantitatively. Receptor was immunoprecipitated with an antibody raised t o  the external 
domain of the receptor. 
angiotensin as exogenous substrate. 
observed when cells were stimulated with PDGF prior to their solubilization, whereas only 
a 1.5 fold induction was observed when PDGF was added to solubilized preparations. 
separate experiments kinase activity was measured in CHO cells transfected with wild-type 
and mutated forms of the receptor. A receptor mutant in which the ATP binding site was 
mutated had no tyrosine kinase activity stimulated by PDGF. Deletion of C-tail residues 
also caused a loss of tyrosine kinase activity. 
phosphorylation site in the cytoplasmic domain reduced kinase activity. A mutated form 
of the receptor in which there is a deletion in the sequences which separate the kinase 
domains is currently under study. 

The effects of autophosphorylation and of primary 

The kinase activity of the receptor was measured using (Val)5 
A 5 fold induction of kinase activity by PDGF was 

In 

Mutation of a potential tyrosine 
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c 21 3 ALLOSERIC PROPERTIE9 OF LECTIN AND EGF AFFINITY PURIFIED EGF RECEPTOR IWASE. 
Shawn P. Fay and C. Fred Fox, Department of Microbiology and Molecular Biology Institute, University of California 
at Los Angeles, Los Angeles. CA 90024. EGF receptor purified by EGF affinity chromatography catalyzes two 

distinct processes in phosphorylation of both itself and substrates. Double reciprocal plots of ATP vs. initial velocity 
phosphorylation rate at 6.5 nM receptor reveal three distinct regions of kinetic behavior: 1) a high ATP affinity. low specific activity 
reaction process; 2) a low ATP affinity, high specific activity reaction process; and 3) a transition range at intermediate ATP 
eoncentration characterized by nonideal kinetic behavior. When r e c e p r  was incubaled with ATP to achieve receptor phosphorylation 
prior to substrate addition, enhanced rates of subsequent substrate phosphorylation were not observed, providing no evidence for a 
requirement of EGF recepmr phosphorylation for optimal receptor-caralyzed subsuale phosphorylation. No subslantial differences were 
seen in the two-dimensional maps of phosphopeptides derived from tryptic digests of EGF receptor phosphorylated to stoichiomeuies 
of 0.17 or 1.7. providing no evidence for an obligate ordered sequential phosphorylation of EGF receptor required for EGF receptor 
kinaseactivation. 

Plots of log initial rate of receptor or substrate phosphorylation vs. log receptor concentration and Hill plots of these data to 
evaluate EGF receptor kinase activity as a function of receptor Concentration indicate a unimolecular phosphorylation pmcess with no 
cooperativity at low receptor concentration and high or low ATP concenmtion, and a multimolecular, cooperative process requiring 
both high receptor and high ATP concenimlions. Similar findings were made for both the EGF-stimulated and unstimulated reactions, 
showing that EGF played no essential role in determining the order of reaction or in allosleric activation of receptor kinase. In 
phosphorylation of substrate, EGF stimulated kinase activity only 3-fold but specific activity was increased at least 30-fold as a 
function of receptor concentration. RRsrc substrate inhibited Ihe phosphorylation of both receptor and substrale in the multimolecular 
reaction but not in the unimolecular reaction. Supported by NIH grants T32 C A W 5 6  and DK25826. 

c 21 4 A UNIQUE CLASS OF VESICLES CHARACTERIZED EXCLUSIVELY BY A VERY HIGH AFFINITY CLASS 
OF EGF RECEFTORS INDUCED BY ECF. C. Fred Fox and Robert E. Williams, Department of Membidagy and 
Molecular Bmbgy Institute, University of California, Los Angeles, Ca 900024. Murine 3T3 cells, when incubated for 

1 h a t  37'C with [1251]EGF and an inhibitor of lysosomal protease action, were characterized by two saturable classes of internalized 
EGF and these accounted for 94% of total ['251]EGF binding. Very high affinity, Kd = 0.1 nM internalized [I25l1EGF and lower 
affinity, Q > 1.5 nM internalized [12511EGF accounted for 34% and 60% of total specific ['251]EGF binding, respectively. 
Concurrent incubation of cells with [1251]EGF and a phorbol ester tumor promoter prevented detection of the internalized. very high 
affinity class of cellular EGF binding, but this was compensated by an increase in the quantity of internalized, lower affinity EGF 
binding. Membranes isolated from cells incubated with unlabeled EGF displayed Kd >1.5 nM lower affinity equilibrium [12511EGF 
binding only. When exposed to sonic irradiation prior to assay, these membranes displayed Kd = 0.1 nM very high affinity 
equilibrium EGF binding in addition to a Kd >1.5 nM lower affinity equilibrium EGF binding. The Kd= 0.1 nM very high affinity 
equilibrium EGF binding comprised a maximum of 5% of total specific equilibrium EGF binding to membranes. Sonicated 
membranes hom cells not incubated with EGF or cells incubated concurrently with EGF and 12-O-tetradecanoyl-phorbol-13-acetate 
revealed the Q >1.5 nM lower affinity EGF receptors only. Vesicles containing the very high affinity Q = 0.1 nM EGF receptors 
were resolved physically from membranes conlaining Kd >1.5 nM lower affinity EGF receptors. The final membrane fractionation step 
employed adsorption m concanavalin A-derivatized beads and sedimentation through 6% FicolliD20 to resolve vesicles conlaining Kd = 
0.1 nM very high affinity equilibrium EGF binding from membranes displaying Kd >1.5 nM equilibrium EGF binding. A model 
proposing both the origin of and a physiological role for h i s  very high affinity class of EGF receptors will be presented. Supported by 
NIH Grant USHHS 5 R01 DK25826. 

c 215 CHARACTERIZATION OF TJ35 HllMAN IL-4 SCEPTOR, Jean-Pierre Galizzi*, H&ne 
Cabrillat*, Odile Djossou*, Naoko Arait, l'akashi Yokotat, Ken-Ichi Arait and Jacques Banchereau* 
*UNICET, B.P.I1,69572 Dardilly, France. IDNAX, Palo Alto, CA. 94304-1 104. 

Human recombinant IL-4 purified from mouse L cell transfection supernatants was radio iodinated to high specific 
radioactivity using a two-phase method without loss of biological activity. 12%IL-4 bound specifically to the 
Durkitt lymphoma Jijoye cells as well as to a panel of hemopoietic cell lines. Jijoye cells showed a high affinity for 
1251HL-4 with an equilibrium dissociation constant : Kd = 7 10-1 M, and displayed 1200-1400 specific receptors 
per cell at 4' C. Similar constants were found when equilibrium binding of 1251-IL-4 was performed at 37" C in 
the presence of a i d e  to prevent internalization. The equilibrium dissociation constant (Kd) corresponds to the IL-4 
concentration which induces 50% maximal expression of CD23/Fc&RL expression on Jijoye cells. At 4' C the 
association constant kl  is 2.9 x lo6 M-l s-' (t 112 = 91 min.). 
No human recombinant lymphokine (IL-1, IL-2, IL-3, JFN-y, IFN a2b, G-CSF, GMCSF) other than IL-4 were 
able to inhibit the binding 0 f ~ ~ ~ 1 - I L - 4  to its receptor. Murine IL-4 did not prevent binding of 1251-IL-4, a finding 
consistant with the lack of biological cross reactivity between both species. Bound IL-4 was very rapidly 
inteinalizcd at 37" C and together with spontaneous dissociation of IL-4 into the medium, it resulted in the rapid 
disappearance of 12%-IL-4 from the cell surface. Crosslinking studies demonstrated that IL-4 mainly bound to a 
140 Kd polypeptide as well as 70 Kd plypeprides. 

and the dissociation constant k-l is 1.3 x 
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C 216 INSULIN-LIKE GROWTH FACTOR I IN CULTURED RAT ASTROCYTES: EXPRESSION OF THE GENE AND 
RECEPTOR TYROSINE KINASE. 

S. Gammeltoft, R. Ballotti, F.C. Nielsen, W.D.  Richardson and E. Van Obberqhen. Dept. Clin. 
Chen., Bispebjerg Hospital, Copenhagen, Denmark; INSERM U145, Nice, France; Dept. Zooloqy, 
University College London, England. 
Insulin-like qrowth factors (IGF's) I and I1 stimulate cell growth in several mammalian 
tissues. The cellular actions are mediated by interactions with two types of IGF receptor. 
Recently, gene expression and production of IGF's in mammalian brain have been reported, and 
two types of IGF receptor have been identified on plasma membranes of adult rat brain. The 
aim of the study was to investigate the expression of IGF I its receptor tyrosine kinase in 
primary cultures of fetal rat astrocytes, and to study the growth-promoting activity of IGF 
T. Northern blot analysis of poly (A ) RNAs from astrocytes revealed an IGF I mRNA of 1.9 
kb. Competitive binding and recentor labeling techniques revealed two types of IGF receptor 
in astroglial cells. Type I receptors consist of a-subunits (Mr 130,000) and 6-subunits 
(Mr 94,000) with IGF I-sensitive tyrosine kinase activity. Type I1 receptors are monomeric 
proteins (Mr 250,000). DNA synthesis measured as thymidine incorporation was stimulated two- 
fold by IGF I and IGF 11. Our findings suggest that IGF I is synthesized in fetal rat 
astrocytes and acts as a growth promoter for the same cells by activation of the type I IGF 
receptor tyrosine kinase. We propose that IGF I acts throunh autocrine or paracrine 
mechanisms to stimulate astroglial cell growth durinq normal brain development. 

c 217 DIFFUSION OF CELL SURFACE RECEPTORS, Peter B. Garland, Amersham International, 

The lateral diffusion of cell surface receptors can be measured by the 
fluorescence'photobleaching technique at the single cell level and a receptor 
occupancy of a few hundred copies per square micron of membrane. 
measures translation over a distance of approx 1 um, and the diffusion 
coefficients so measured are relatively insensitive to molecular size or 
micro-aggregation. By contrast, rotational diffusion measurements are very 
sensitive to molecular size, but are difficult to perform on single cells or with 
equipment that is convenient for cell biologists. Solutions to the problems of 
sensitivity and convenience may come by adapting existing techniques 
(phosphorescence depolarization, depolarization of fluorescence depletion) from 
their current mode of time domain (pulsed) to frequency domain (phase modulation) 
measurement. Examples and comparisons will be presented. 

Little Chalfont, Bucks, England, HP7 9NA. 

The technique 

c 218 AUTOCRlNE ACTIVATION OF THE TYROSINE KINASE ASSOCIATED WITH THE BOMBESlN 
RECEPTOR IN SMALL CELL LUNG CARCINOMAS, G.Gaudino, M.Cilli, L.Gandino, D.Cirillo, 
L.Naldini and P.M.Comoglio, Dept. of Biomedical Sciences h Oncology, University of Torino 
Medical School, 10126 Torino, Italy. 

The neuropeptide bombesin, and i t s  mammalian homolog GRP, are known to  be potent mitogens. Antibodles 
against phosphotyrosine (P-Tyr) identify in Swiss 3T3 fibroblasts a 115 Kd cell surface protein ( ~ 1 1 5 )  which 
becomes phosphorylated on tyrosine in response to  bombesin stimulation of quiescent cells. p115 also becomes 
labelled a t  tyrosine residues when immunocomplexes obtaine with P-Tyr antibodies are incubated with 
v-32P-ATP. Bombesin enhances th i s  in vitro phosphorylation. 1?51-Tyr4-bombesin binds the immunocomplexes 
in a specific and saturable manner. 

P115 has been partially purified through a procedure including solubilization with non-ionic detergents, 
iectin chromatography and affinity chromatography on bombesin-Seph rose, followed by specific elution. PI 15 
co-purifies with a cell surface glycoprotein of 75-85 Kd t o  which l2$I-GRP covalently binds in cross-linking 
experiments performed with homobifunctional reagents. These data strongly suggest that  p i  15 and the 
associated kinase activity participate in the structure and function of the bombesin receptor complex. 

Phosphotyrosine antibodies also identify a 115 Kd phosphoprotein in four human SCLC lines producing 
bombesin, but not in a non-producer "variant" line. p115 from detergent treated SCLC binds to  
bombesin-Sepharose and becomes phosphorylated a t  tyrosine in the presence of v32P-ATP and Mn++ ions. SCLC 
p115 i s  phosphorylated in an immunocomplex kinase assay, like the p l l 5  kinase imrnunoprecipitated from mouse 
fibroblasts. However SCLC p115 does not require the presence of exogenous bombesin in the assay for activity. 
These observations are in agreement with the hypothesis of an autocrine activation of the bombesin receptor 
complex in human small cell lung carcinoma cells. 
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C219 Expression of the EGF receptor cDNA in antigen-specific mouse cloned 
T cells: Down-regulation of the EGF receptor by T cell activation. 

Daniel M Gorman and Atsushi Miyajima. 
DNAX Research Institute of Molecular and Cellular Biology. 901 California 
Avenue, Palo Alto, CA94304. 
To test the functional exchangeability of growth factor receptors between 
fibroblasts and T cells, we have introduced the human EGF receptor cDNA 
into antigen-specific mouse cloned T cells (MD13.5) which require IL-2 for 
growth, but do not express the EGF receptor. 
expressed approximately 15,000 functional EGF receptors having an apparent 
affinity for EGF of 2.5 nM. Upon binding, EGF stimulated phosphorylation 
of the EGF receptor and was internalized. Similar to the EGF receptor on 
fibroblasts, where the binding of EGF is down-regulated by TPA or mitogens 
such as PDGF, the binding of EGF to those T cells was down-regulated by TPA 
or a T cell mitogen, ConA. 
receptor artificially expressed on the T cell is functional, EGF did not 
stimulate DNA synthesis. Thus, EGF could not replace the requirement of 
IL-2 for T cell growth, suggesting that signal transduction components 
required for EGF to triger proliferation might be missing in T cells. 

Department of Molecular Biology, 

The resultant T cells 

Although these results suggest that the EGF 

c 220 GROWTH OF hVV;RWRY EPITtELIAL CELLS IN BREAST CANCER BIOPSIES CORRELATES WITH 
EGF-BINDIG. R.  Grossc and E .  Spi tzer ,  Central I n s t i t u t e  o f  ':lolecular B io logy,  
Department o f  C e l l u l a r  Biocl lcinistry. Academy o f  Sciences o f  the GDR, 
11.15 Berlin-Ouch. 

:Aicroautoi.adiographic analys is  o f  '*jJ-EGF b ind ing t o  t i s s u c  sections was appl ied t o  
denonstrate t h a t  EGF was bound s p e c i f i c a l l y  and s c l c c t i v c l y  t o  niaiumary e p i t h e l i a l  c e l l s .  
Fa- 50 unselectcd primary breast  carcinomas the q u a n t i t o t i v c  parameters 'EGF binding"and 
'nud)er o f  niitoses" w r e  estimated i n  s e r i a l  10 pi11 th i ck  scct ions.  The parameters were 
analyscd by nicans o f  the rank co r re la t i on  c o c r f i c i c n t  r and were found to be s t a t i s t i -  
c a l l y  s i g r i i f i c a n t  co r rc la ted  (p0.05) A r ioi i- l inear coraelat ion arialysis d iv ides the 50 
b iops ies i n t o  tvJo Sroups Onc ir icl i ides tlic biops ics from pa t ien ts  with p o s i t i v e  lymph 
node status $?jii4 ,h igh dcgrec or approxiixiLioi1 t o  the non-l inear rnodcl cxprcssed by 
y=P3+P1 (1-e The other group inc ludcs the b iops ies from Iyoipti nodc negative 
pa t i en ts  not f i t t i n g  the non-l inear riiodel . The co r re la t i on  betveeii I r o l i F e r a t i v e  r a t e  
and EGF b ind ing i n  brccist ciiiiccr b iops ics i nd i co tcs  t l i a t  i n  1yi:iph nodc p o s i t i v e  pa t i en ts  
growth o f  cancer i s  d i r e c t l y  r c l o t c d  t o  an EGF dependent accc lerat ion o f  c e l l  d i v i s i o n .  
The EGF receptor s ta tus sems t o  bc o ne::, and valuablc prognostic i nd i ca to r  Tor pa t i en ts  
v d i  t h  bad prognosis 
BioECF bchaves i n  b ind ing experincnts li!:e EE55 l l istochcmical analys is  of t i ssue  
sections proofs  t h a t  L3ioEGF i s  as sens i t i ve  as J-EGF o r  an anti-EGF receptor  an t i -  
body. 

Therefore, :YC huvc synthesized ii b i o t i n y l o t e t l  EGF probe (OioEGF) 

c 221 CEARACTERIZATION OF MURINE IL-4 RECEPTOR, Nobuyuki Earada, Brian E. Castle and 
Maureen Eoward, DNAX Research Institute, 901 California Ave., Palo Alto, CA, 
94304. 

Interleukin 4 (IL-4) is a T lymphocyte-derived glycoprotein with multiple biological 
activities. These include growth promoting activity on anti-IgY stimulated B cells, 
growth promoting activity on T cell lines or thymocytes, MAF (macrophage activating 
factor) activity, and regulation of isotype expression by activated B cells. Using a 
receptor-ligand binding assay, we have demonstrated the existence of high affinity IL-4 
receptors on B cells, T cells, other hematopoietic cells, and non-hematopoietic cells. 
The Kd of this receptor is 20-60pM and the number of receptors range from 100 to 5000 on 
various cell types. 

To attempt purification of the IL-4 receptor, we have established an assay for 
solubilized IL-4 binding proteins. E. coli expressed recombinant IL-4 was affinity 
purified using an anti-IL-4 blocking antibody and was then radioiodinated. This material 
was incubated with the solubilized plasma membrane fraction of ET-2 T cells (5000 
R/cell) . Free and bound 1261 were separated by immunoadsorption. The binding 
of '261-IL-4 was dependent on soluble protein concentration, and 
inhibited by IL-4 but not IL-2. Further characterization and purification 
of soluble IL-4 receptor is in progress. 
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c 222 ALLOSTERIC PROPERTIES OF LECTIN AFFINITY PURIFIED EGF RECEWOR KINASE ,Jennifer Haynes 
and C. Fred Fox, Department of Microbiology, University of California at Los Angeles, Los Angeles Ca. 90024. 
Allosteric intermions between EGF receptor molecules participating in catalysis of EGF recep  "autqhosphorylation" 

action have been reponed to require binding of EGF to rezeptor (Yarden, Y., and J. Schlwinger, 1987, Bwchemisrry 24.1434- 1442). 
Previous experiments from our lab with a preparation of EGF receptor purified from A431 cells by a two step scheme involving both 
lectin and EGF affinity chromatography have demonstrated an allosteric activation of receptor kmase activity for both 
autophosphorylation and substrate phosphorylation in the presence or absence of EGF. 

EGF affinity chromatography of receptor leads to capture of receptor in low yield, and the EGF sffnity pnification aep does not 
preclude the selection for a receptor subspecies with properties which might differ hom those of receptor purified by lccatin affinity 
chromatography only. 'brefore, we have characterized the propedes of the EGF receptor plrified by lecatin af€iNty chromatogmphy. 
Lectin affinity purified preparations of the receptor behave the same way in receptor catalyzed subsarue phosphotylacion as receptor 
adsorbed to and eluted horn an EGF affinity column. Substrate phosphorylation specific activity increased as a function of EGF 
receptor concentration with EGF present or absent as described previously by Fay, el ol (J. Cell. Biochem.. supplement 11A. 1987) 
with EGF purified receptor. When added in excess (>20 nM EGF receptor) EGF receptor was inhibitory. The concentrations of 
receptor at the midpoint and at maximal allosteric activation (10 nM and 20 nM respectively) were the same with EGF presnt OT 

absent with 1 mM RRsrc as substrate. Of equal interest was the finding that the specific activity of subsnate phosphorylation was 
stimulated greater than 30-fold when EGF receptor concentration was varied, but only 3-fold by EGF addition. Supponed by NIH 
grants T32 CAo9056 and DK25826. 

c223 OVEREXPRESSION OF EGF RECEPTORS I N  SQUAMOUS TUMORS IS ASSOCIATED WITH POOR 
SURVIVAL, F. Hendler, A. Shum-Siu, L .  Nanu, 8. Ozanne, U n i v e r s i t y  o f  L o u i s v i l l e ,  
L o u i s v i l l e ,  K Y  40292 & Un ive rs i t y  o f  Texas Health Science Center, Dal las TX 75235. 

We have s tud ied EGF receptor i n  76 biopsy specimens from lung and head and neck cancer 
us ing a q u a n t i t a t i v e  radioimmunoassay on t i ssue  sections. 
increased EGF receptors w i t h  a range o f  from 1.5 t o  20 times the l e v e l  detected i n  normal 
sk in  biopsy specimens. The overexpression o f  EGF receptors i s  associated w i t h  gene ampli- 
f i c a t i o n  i n  approximately 60% o f  tumors. A l l  o f  the tumors t h a t  have 3 f o l d  greater  EGF 
receptor than sk in  have evidence o f  s i g n i f i c a n t  gene amp l i f i ca t i on .  This  subset o f  tumors 
are more u n d i f f e r e n t i a t e d  tumors when compared t o  those w i t h  1.5 t o  3 f o l d  increased recep- 
t o r  ( p  <.04). This overexpression i s  associated w i t h  a poor su rv i va l .  I f  the EGF receptor  
i s  greater  than 3 f o l d  normal sk in ,  the median su rv i va l  i s  9 months; i f  l ess  than 3 fo ld ,  
median su rv i va l  i s  25 months. When l i f e  tab les are determined and the su rv i va l  curves are 
compared, the su rv i va l  i s  s t a t i s t i c a l l y  d i f f e r e n t  (p  <.001). Those pa t i en ts  w i t h  EGF re-  
ceptor values l ess  than 3 f o l d  normal sk in  can be subdivided i n t o  groups: those t h a t  do as 
poor l y  w i t h  a s i m i l a r  su rv i va l  t ime t o  t h a t  o f  pa t i en ts  w i t h  very h igh  EGF receptor l e v e l s  
and those who do we l l  w i t h  a median su rv i va l  o f  34+ months. 
mine what o ther  b i o l o g i c  events may be a f f e c t i n g  su rv i va l  i n  p a t i e n t s  w i t h  lower l e v e l s  o f  
EGF receptor. Thus, lung and head neck tumors can be b i o l o g i c a l l y  segregated on the bas is  
o f  the EGF receptor i n t o  a t  l e a s t  two groups. The EGF receptor l e v e l  may be usefu l  i n  de- 
s ign ing  experimental treatment programs as we l l  as p r e d i c t i n g  p a t i e n t s  prognosis. 

A l l  squamous tumors s tud ied have 

Studies are underway t o  deter-  

C 224 ALTERED GROWTH CONTROL AND ENHANCED MORPHOMGIC RESPONSE TO TUMOR PROMOTERS 
IN RAT FIBROBLASTS STABLY OVERPRODUCING PROTEIN KINASE C 

Gerard M. Housey. Mark D. Johnson, W.-L. Wendy Hsiao, Catherine A .  O'Brian, 
and I. Bernard Weinstein. Cancer Centerpnstitute of Cancer Research. 
Columbia University College of Physicians and Surgeons, New York. M I  10032 
To study the role of protein kinase C (PKC) in growth control and tumor promotion, 

we have generated a series of rat fibroblast cell lines which stably overexpress a 
full-length cDNA encoding the p1 form of this enzyme. Assays of these cell lines 
demonstrate that they contain a 20 to 53-fold increase in PKC activity, and also have an 
increase in high affinity phorbol ester receptors, when compared to control cells. 
ghosphorylation studies indicate that they display a marked increase in a 75 kilodalton 
'P-labelled protein, reflecting autophosphorylation of the overproduced PKC, as well 
as an increase in other phosphorylated proteins. Western blot analyses demonstrate that 
the cell lines primarily overproduce an intact form of PKCpl. These cell lines 
exhibit dramatic changes in morphology in response to treatment with phorbol esters such 
as TPA. Unlike control cells, which become refractory to the effects of TPA, the 
overproducing cell lines continue to respond to repeated TPA treatments, and display an 
elevated expression of certain TPA-inducible genes in response to this treatment. 
Furthermore, the cell lines overproducing PKC grow to a higher cell density in culture 
and display anchorage independent growth as well. Thus these cell lines will be useful 
for further defining specific physiologic functions of PKC and its role in growth control 
and tumor promotion. 
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c225 FGF (BDGF, aFGF, bFGF, ECGF, HBGF's) RECEPTOR IS A 135-kDa PROTEIN TYROSINE 
KINASE, Jung San Huang, Ming-Der Kuo, and Shuan Shian Huang. Department of Bio- 
chemistry, St. Louis University School of Medicine, 1402 S. Grand Blvd. St. Louis, MO 
63104. 
Bovine brain-derived growth factor (BDGF) is a very potent mitogen with a broad 
spectrum of cell specificity. BDGF is also a potent chemotatic factor for fibroblasts, 
endothelial cells and astroglial cells. BDGF can promote the anchorage-independent 
cell growth of NRK cells in the presence of EGF. The neuron localization of BDGF 
indicates an important role of BDGF in the cellular physiology of neural tissues. The 
BDGF receptor in responsive cells appears to be an 135-kDa protein associated with a 
protein tyrosine kinase activity (Huang, S.S., and Huang, J.S. (1986) J. Biol. Chem. 
- 261, 9568-9571). Since chemical and physical properties of BDGF resemble those reported 
for acidic FGF (aFGF) , endothelial cell growth factor (ECGF)and heparin-binding growth 
factor-1 (HBGF-I), and BDGF and basic FGF (bFGF) compete for binding to the BDGF 
receptor, we have purified the solubilized BDGF receptor from bovine liver and 
examined the effects of these FGF growth factors on the autophosphorylation of the BDGF 
receptor. All FGF growth factors, including BDGF, aFGF, bFGF, ECGF, and HBGF's 
stimulate the tyrosine-specific autophosphorylation of the BDGF receptor. The 
stimulation of autophosphorylation of the BDGF receptor by these growth factors can be 
completely inhibited by their potent inhibitor, protarnine. These results suggest that 
FGF receptor is a 135-kDa protein tyrosine kinase. 

c 226 AMPLIFICATION AND POINT MUTATION OF THE PROTD-E ONCOGENE PLAYS AN IMPORTANT ROLE 
IN THE MULTIPLE-STEP TUMORIGENICITY, Mien-Chie Hung, Duen-Hwa Yan and Xiaoyan 

Zhao, Dept. Tumor Biology, Univ. of Texas System Cancer Center. Houston, TX 77030. 
To study if the amplification of the proto-=gene plays a role in tumorigenicity, we 
generated a NIH 3T3 transfectant (DHFR/G-8) that carried approximately 100 copies of the 
proto-=gene (Hung et al., 1986 Proc. Natl. Acad. Sci. USA, 83:261-264). The DHFR/G-8 
cells exhibit normal morphology. When analyzed by tumorigenicity using nude mice, the 
B104-1 cell, a NIH 3T3 transfectant that carries the activated =oncogene, produced 
tumors within 10 days; the DHFR/G-8 cells did not produce tumors until 3 months after 
injections and the NIH 3T3 cells did not give any tumors after 3 months. The tumors 
produced by the injection of the DHFRIG-8 cells were excised and grew in culture. The 
cells (PNT-I and PNT-2) derived from the tumors are of transformed morphology and highly 
tumorigenic. The results suggest that at least one more hit is required to render the 
DHFRIG-B cells tumorigenlc. 
The DNA's from the PNT-I and PNT-2 cells were transfected into NIH 3T3 cells. The 
transfection resulted in foci on the NIH 3T3 monolayer. Southern analysis indicated that 
the foci derived from the transfection contained the neu gene. The results suggest that 
the =gene is the target of "the second hit." 
second hit" was found to be a single point mutation changing a valine in the transmembrane 
domain of neu to a glutamic acid. Identical mutation at this position has previously been 
found in the rat neuroblastoma and glioblastoma induced by a chemical carcinogen, 
ethylnitrosourea. We conclude that the DNA region encoding transmembrane domain of neu is 
a "hot spot" for converting the proto-= gene into an activated oncogene. 

UsinGligonucleotides as probes, "the 

c 227 

Demrer VA Medical Center and University of Colorado Health Sciences Center, Demrer, 03. 

inmumreactive BLP, and BLP stimulates (3H)-thymidine incorporation, proliferation, intra- 
cellular calcium release and pbspbhsitide turnover. H345 cell growth in vitro and in 
viva is inhibited by anti-bcrr~3esin rtonoclonal antibodies as well as a substanceanalq- 
which ccnpetes for the BLP receptor. 
sensitive ELISA mthod in H345 cells and their conditioned medium at various times after 
plating. BLP content rose to a peak of 200 ng/106 cells at 48h after plating and fell to 
less than 10% of that value by 100 h after plating. 
radioligands 
authentic non-oxidized GRP, but all 125 I-(tyr4)-lx&esin preparations analyzed were 
significantly oxidized. 
increased with t k  and was approximately one fm1/106 cells/min. 
studies revealed a Kd of 0.5 nM. 
Triton-solutilized H345 dranes possessed a 125 I-GRP binding peak by Sephada G50 and 
Sephacryl S200 gel filtration analysis,and this binding was blocked by excess cold GRP. 
A unique 65 kDa band was visualized by silver staining of the reduced SDS-PAG?~ of dilute 
acid elutions of a GRP-agarose, but not blank, affinity gel. Further studies to charac- 
terize t h i s  protein, which m y  be the BLP receptor, are proceeding. 

STUDIES OF THE BOMBESIN-LIKE PFPTIDE (BLP) FSCEET3R IN HLiBLW 9YAT.L CELL LUNG 
CAIiCINcMA NCI-H345 CELTS IN CULlUFCL M. Kane, S. Aguayo, Y. Miller and L. Brown, 

H345 cells exhibit an autocrine growth system for BLP, since they contain and release 

Innumoreactive BLP content was measured by a v e ~ y  

For binding studies, Hrm: analysis o f  
revealed that 125 I - gastrin releasing peptide (GRP) (Amersham) eluted with 

specific uptake of 125 I-GRP in H345 cells at 22OC and 37'C 
A t  4'C, specific binding 

Furification of the BLP receptor has not been reported. 
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c 228 N-LINKED GLYCOSYLATION AND COMPLETE PROCESSING OF THE TYPE I1 INSULIN-LIKE GROWTH 

L i l l y  Lee ,  Matthew M. R e c h l e r ,  and S. P e t e r  N i s s l e y ,  N I H ,  B e t h e s d a ,  MD 20892 
Rat C6 g l i a l  cel ls  which have  abundant  t y p e  I1 IGF r e c e p t o r s  were used  t o  s t u d y  t h e  p o s t -  
t r a n s l a t i o n a l  p r o c e s s i n g  of t h i s  r e c e p t o r  and t h e  e f f e c t  of g l y c o s y l a t i o n  on l i g a n d  h ind-  
i n g  t o  t h e  r e c e p t o r .  C e l l s  were p u l s e - l a h e l e d  w i t h  35S-methionine,  l y s e d  and t y p e  I1 IGF 
r e c e p t o r  i m u n o p r e c i p i t a t e d  w i t h  a s p e c i f i c  t y p e  I1 IGF r e c e p t o r  a n t i s e r u m  (3637) .  Analy- 
s i s  of t h e  i m m u n o p r e c i p i t a t e  b y  SDS-PAGE w i t h  r e d u c t i o n  of d i s u l f i d e  bonds showed a 235 kDa 
p r e c u r s o r  which was p r o c e s s e d  i n t o  t h e  m a t u r e  245 kl)a r e c e p t o r  w i t h i n  2 h o u r s .  O i g e s t i o n  
o f  t h e  235 kDa p r e c u r s o r  w i t h  e n d o g l y c o s i d a s e  H (Endo H) produced a 220 kDa form, whereas  
t h e  m a t u r e  245 kDa t y p e  I1 IGF r e c e p t o r  was r e s i s t a n t  t o  c l e a v a g e  by Endo H. P r e i n c u b a t i o n  
of Ch c e l l s  w i t h  s w a i n s o n i n e  r e s u l t e d  i n  t h e  s y n t h e s i s  of a r e c e p t o r  h y b r i d  ( 2 4 0  kna)  which 
was c l e a v e d  b y  Endo H. A f f i n i t y  c r o s s l i n k i n g  s t u d i e s  u s i n g  lZ5I-IGF-II and  d i s u c c i n i m i d y l  
s u h e r a t e  a s  t h e  c r o s s l i n k e r  showed t h a t  t h e  240 bDa r e c e p t o r  s p e c i e s  r e t a i n e d  i t s  a b i l i t y  
t o  b i n d  IGF-11. P r e t r e a t m e n t  of  C6 c e l l s  w i t h  100 ng/ml t u n i c a m y c i n  r e s u l t e d  i n  t h e  
s y n t h e s i s  of a 220  kDa r e c e p t o r  s p e c i e s  i n  a d d i t i o n  t o  t h e  mature  245 kDa r e c e p t o r  as shown 
b y  Western  b l o t t i n g  w i t h  a n t i s e r u m  3637. A f f i n i t y  c r o s s l i n k i n g  s t u d i e s  showed t h a t  1251- 
IGF-I1 bound t o  b o t h  t h e  m a t u r e  245 kDa and t h e  220  kDa r e c e p t o r  s p e c i e s .  I n  c o n c l u s i o n ,  
( 1 )  t h e  t y p e  I1 IGF r e c e p t o r  i n  Ch g l i a l  c e l l s  i s  formed a s  a 235 kDa p r e c u r s o r  and 
p r o c e s s e d  i n t o  t h e  mature  245 kDa form w i t h i n  2 h o u r s ;  i n  t h e  a b s e n c e  of N-linked g l y c o s y -  
l a t i o n  t h e  r e c e p t o r  i s  220 kDa. ( 2 )  N-linked g l y c o s y l a t i o n  and comple te  p r o c e s s i n g  a r e  n o t  
n e c e s s a r y  f o r  l i g a n d  b i n d i n g  t o  t h e  t y p e  I1 ICF r e c e p t o r .  

FACTOR (IGF) RECEPTOR ARE NOT REQUIRED FOR B I N D I N G  OF 1251-IGF-II. V i e l a n d  Kiess, 

c 229 EFFECTS OF MITOGENIC PROTEASES ON ACTIVATION OF THE INSULIN RECEPTOR TYROSINE 
KINASE. Judith Whipple Leef, Joseph Larner and Michael J. Weber, Departments of Pharmacology and 
Microbiology, University of Virginia School of Medicine, Charlottesville, VA 22908. 

The protease trypsin has mitogenic and insulin-mimetic anabolic effects. It has also been shown to stimulate autophosphoryla- 
tion and tyrosine kinase activity in partially and highly purified insulin receptor preparations. We have now examine the effects 
of trypsin on whole cell insulin receptor phosphorylation and tyrosine kinase activation. Adipwytes prelabeled with Pi for 2 
hrs were exposed to trypsin and receptors partially purified over WGA columns. Receptors were subjected to SDS-page, beta- 
subunits identified by autoradiography, bands hydrolyzed and phosphoamino acids separated by electrophoresis and quantified. 
Two- and 5-fold increases in P-Tyr were observed with 3 and 10 min. of trypsin treatment, respectively. Trypsin treatment of 
adipocytes also produced a time-dependent stimulation of tyrosine kinase activity as measured either in lectin extracts containing 
insulin receptors or by an immune-complex kinase assay. Comparison of insulin binding with tyrosine kinase activity in lectin 
extracts from trypsin-treated cells revealed the existence of a linear correlation between destruction of the alpha-subunit and 
activation of the beta-subunit. We therefore suggest that selective cleavage by trypsin of the insulin receptor alpha-subunit leads 
to stimulation of the tyrosine kinase activity of the beta-subunit, possibly by removal of inhibitory modulation. We further 
conclude that autophosphorylation of the insulin receptor and activation of its tyrosine khase maybe important to the insulin- 
mimetic anabolic effect; of trypsin. We have extended this work on the insulin receptor to examine the effects of other proteases 
(such as thrombin, plasminoaen activator and plasmin) which are mitogenic or capable of activating cell metabolism and are, 
therefore, putentiillly insulffi-mimetic. Preliminary data suggest that neither plasmin nor thrombin activates the insulio recep:or 
tyrosine kinase. Thus the insdin rerepior is probably not involved in mitogenic or metabolic stimulation by these proteases. We 
are also screening for other factors r~cieted by traiisformed cells which could stimulate or interact with the insulin receptor. 

$2 

C 2 3 0 ~  ~ I N E - K I N A S E  DEFECTIVE wm A L ~  TO SEPARATE BFIWEEN KIGH AFFINITIES, 
E F F I C I ~  ENwCl"r0sIS AM) THE MITTXENIC RESPONSE. EXta Livneh, Nachm Reiss, 
Eva w e n t ,  Axel mlri&+ and ~0sep1-1 ~~hlessirqer.  
Imrmryslcgy, The Weimam Institute of Science, R e h v o t  76100, Israel, and 
+-tech ~ n c . ,  460 san  rum Boulevard, south san Fraxisco, CA 94080, USA. 

s h c t s  encoding mnnal human EGF-receptor and with a wffihct e x d i n g  an insertx ' O M l  

k p t .  of chemical 

Cultured NIH-3T3 cells devoid of endogenous EGF-receptors were transfected w i t h  cDNA CQI- 

mutant of the EGF-receptor containing four additicszal amino acids in the kinase-dcmain 
after resibe 708. 
its EGF-stimutable protein tyrosine-kinase activity, the mutated receptor lacks protein 
tyrosine-kinase activity both in vitro and in vim. Despite this deficiercy the mtant 
receptor is properly processed, it binds EGF and it exhibits both high and lw affinity 
binding sites. W x e m e r ,  it undergoes efficient EGF-mediated endocytosis. Haever, EGF 
fa i l s  to stimulate DNA synthesis and is unable to stimulate the @ms@nrylaticn of S6 
ribsscmal protein in cells expressing this receptor mukant. 
the protein tyrosine-kinase activity of EGF-receptor is essential for the initiation of S6 
ptnsptnrylation and for DNA synthesis induced by EGF. 
the expression of high and low affinity surface receptors and receptor-endocytosis appears 
to require neither kinase-activity mr receptor autophosphorylation. Interestirgly, Wr- 
bol ester ("PA) fa i l s  to a b l i s h  the high affinity s ta te  of this kinase-mutated receptor. 
kb.-eover, TPA is also umble to stimulate the pb-rylation on serhe or treonme ' resi- 
dues of this receptor mutant. We are currently examining the p s s i b l e  nwcharu 's1Is that 
underlay the failure of this mutant receptor to be pbspbrylated by protein kinase C. 

Unlike the "wild type" receptor expressed in these cells which exhib- 

H-, it is pmp3sed that 

Hmever, EGF-receptor pr0cessir-q 
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c 231 DIRECT IDENTIFICATION AND CHARACTERIZATION OF THE p75 SUBUNIT 

Horacio Sangovi and Thomas R. Malek, University of Miami School of Medicine, Miami, FL. 33101. 
The interleukin-2 (IL-2) receptor was initially defined in biochemical and cDNA cloning studies as a 
glycoprotein of Mr of 55,000 (p55). However, recent chemical cross-linking studies of radiolabeled IL-2 
to IL-2 receptors have suggested that functional high affinity IL-2 receptors, which generally represent 
a small fraction (-5%) of total cell surface IL-2 receptors, may contain an IL-2 binding subunit of 
75,000 daltons (p75). In the present investigation, we have studied the proteins closely associated with 
p55 in several cell populations that varied in their capacity to express high affinity IL-2 receptors. 
Cell surface proteins were radiolabeled by lactoperoxidase catalyzed iodination and treated with the 
reversible homobifunctional cross-linker dithiobis(succinimidy1 propionate) (DSP). T h e  proteins cross- 
linked to p55 were then precipitated with antibodies specific for p55 and analyzed on SDS-PAGE. A 
glycoprotein of Mr 75,000 ( ~ 7 5 )  was cross-linked to p55 from cells that bore high affinity IL-2 
receptors. Three other proteins of apparent Mr of 100,000 (~100) .  135,000 (~135).  and 180,000 (p180) 
were also cross-linked to p55. In contrast, analysis of the p55 cross-linked proteins from the cell 
populations that expressed only low affinity IL-2 receptors revealed p100, p135, and p180, but not p75. 
Biochemical characterization of p75 showed that it is a cell surface glycoprotein modified by the 
addition of -20,000 daltons of N-linked glycans, with a PI of 4.3 to 5.0. These results provide direct 
biochemical evidence for a close association of p55 and p75 in the formation of functional high affinity 
IL-2 receptors. The cross-linking of p100, p135 and pi80 to p55 raise the possibility of a more complex 
IL-2 receptor subunit structure, although the detection of these three proteins on all cell populations 
indicates that in the absence of p75 they do nor play a role in ligand binding affinity. 

OF THE HIGH AFFINITY INTERLEUKIN-2 RECEPTOR. 

C 232CWARISON OF A NUCLEAR EGF BINDING PROTEIN FROM NOWL AND REGENERATING 
LIVER WllH THE EGF RECEPTOR. Ue l i  Mart i ,  S.J. Burwen, M.E. Barker, A.M. Feren, 

and A.L. Jones,Cell Biology, VUm: and Depannents o f  Anatomy and Medicine and the  
In tes t i na l  Inmunology and L i ve r  Centers, UC San Francisco 
Previously we demonstrated an EGF binding pro te in  located i n  the  nucleus o f  
hepatocytes. We compared t h i s  nuclear EGF binding pro te in  from normal and 
regenerating l i v e r  w i th  the EGF receptor located on the l i v e r  c e l l  plasma membrane. 
A small percentage o f  both nuclear EGF binding pro te in  and EGF receptor form 
covalent- l ike complex w i th  the  radiolabeled EGF molecule and both have the same 
molecular weight, about 180 Ma.  With a monoclonal antibody against  t he  EGF-receptor 
i t  was possible t o  i d e n t i f y  on western b l o t s  o f  plasma mmbrane and nuclear p ro te in  
the  same 180 KDa protein.  However the  iso la ted  and p u r i f i e d  nuc le i  contain some 
addit ional  proteins (between 60 KDa and 100 KDa) recognized by the  antibody. 125-1 
EGF bound to the  nuclear p ro te in  i n  both normal and regenerating l i v e r  was 
imnunoprecipitated w i th  antibody to EGF receptor. Binding assays w i th  i so la ted  
plasma mmbranes o r  nuc le i  from normal o r  regenerating l i v e r ,  d i d  no t  resolve any 
s ign i f i can t  d i f fe rence i n  the KD's f o r  EGF binding. However, the  nuc le i  f r o m  normal 
r a t  l i v e r  show on ly  one-tenth the nunber o f  b inding s i t e s  per u n i t  p ro te in  found i n  
plasma membranes, and nuc le i  from regenerating l i v e r  have about 2/3 the  binding s i t e s  
found i n  normal nuclei .  We speculate t h i s  reduct ion i s  due t o  preoccupation o f  the  
receptor by endogenous EGF. 

C233 GROWTH F A C T O R  E F F E C T S  ON MURINE PDGF RECEPTOR STEADY S l A T E  MESSENGER RNA LEVELS. 

Jewlsh H o s p i t a l  a t  Washington U n i v e r s i t y  Medical  Center,  S t .  Lou is ,  MO 63110. 
Syn the t i c  o l i gonuc leo t i des  based on pub l i shed  PDGF recep to r  sequence (Nature 323:226) 
were used t o  screen a murine 313 f l b r o b l a s t  lambda g t l l  cDNA l l b r a r y .  A p o s l t i v e  c lone 
c o n t a i n i n g  a 2 k l l o b a s e  I n s e r t  was i s o l a t e d ,  cha rac te r i zed .  and subcloned i n t o  the  
pT7/T3-19 vec to r .  Th ls  p lasmid  was used t o  develop an S1 nuclease assay f o r  f a c i l e  
d e t e c t i o n  of steady s t a t e  PDGF recep to r  mRNA l e v e l s .  
Balb/c 313 c e l l s  were grown t o  conf luency  and p laced i n  serum f r e e  media f o r  48 hours .  
l h e  medla was then changed t o  medla c o n t a l n i n g  e i t h e r  10% f e t a l  c a l f  serum or  100 ng/ml 
p u r i f i e d  human PDGF. T o t a l  c e l l u l a r  RNA was i s o l a t e d  a t  4 hour I n t e r v a l s  over the  nex t  
24 hours.  C h a r a c t e r l s t l c  e leva t i ons  i n  c - w  mRNA l e v e l s  were observed a t  4 hours on 
Nor thern  b l o t s  o f  t he  p u r i f i e d  RNA, thus v e r i f y i n g  the  e f f i c a c y  o f  t he  mi togen ic  s t l m u l a -  
t i o n .  Ne i the r  serum nor PDGF produced a l t e r a t i o n s  I n  recep to r  message l e v e l s  as de tec ted  
by S1 nuclease assay. These data,  together  w i t h  p rev ious  s tud ies  showing down r e g u l a t i o n  
o f  c e l l  su r face  PDGF recep to rs  i n  response t o  l i gand ,  suggest a p o s t - t r a n s c r i p t i o n a l  
mechanism of r e g u l a t i o n  o f  PDGF recep to r  syn thes i s .  Th is  f i n d i n g  i s  I n  marked c o n t r a s t  
t o  the  e f f e c t s  o f  another growth f a c t o r ,  E G F ,  on I t s  recep to r  messenger RNA l e v e l s ,  
which a re  e leva ted  i n  response t o  EGF t rea tment  ( J .  B i o l .  Chem. 262:7932), and suggests 
very  d i f f e r e n t  mechanisms by which growth f a c t o r s  may r e g u l a t e  the  express ion  o f  t h e i r  
receptors .  

V i c t o r i a  R .  Masakowski, Thomas Gl ra rd ,  Bruce E .  Bejcek and Thomas F .  Deuel, 
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c234 ACTIVATION OF THE EGF RECEPTOR BY A MONOCLONAL ANTIBODY DIRECTED 
AGAINST THE CARBOXY-TERMINUS OF THE RECEPTOR. 

Deborah J. McCarley, Alan Wells*, J.M. Bishop*, and Randall C. Schatzman, Cancer and Developmental 
Biology, Syntex Research, Palo Alto, CA 94304 and *G.W. Hooper Foundation, University of California, San 
Francisco, CA 94143. 

Monoclonal antibodies were generated against the epidermal growth factor receptor (EGF-R) by 
immunizing mice with a bacterially expressed fragment of the EGF-R from the transmembrane domain to the 
carboxy-terminus. Two monoclonal antibody secreting hybridomas (291-3A and 291-4A) were isolated and 
subcloned. Both antibodies recognized native and denatured forms of the EGF-R and the &-B gene product 
as demonstrated by immunoprecipitation and Western blot analysis. In an immune complex kinase assay of 
either EGF-R or &-B protein, antibody 291-4A allows both autophosphorylation and phosphorylation of 
exogenously added substrates, whereas antibody 291-3A does not. In a soluble kinase assay using detergent 
extracts of A-431 shed vesicles antibody 291-4A activated in a concentration dependent manner the 
autophosphorylation of EGF-R and phosphorylation of exogenously added substrates to the same extent that 
62 nM EGF did. At similar antibody concentrations 291-3A had no effect on kinase activity. Delivery of the 
antibodies into A-431 cells by fluid phase pinocytosis yielded results similar to that seen y&~: 291-4A 
activated receptor kinase activity, whereas 291-3A did not. In order to further examine the mechanism by 
which antibody 291-4A activated the EGF-R, Fab fragments were prepared. While the Fab fragments still 
recognized the EGF-R as determined by immunoprecipitation, they were unable to activate the EGF-R kinase 
activity in the soluble kinase assay. This result suggests that either the dimerization of the EGF-R is necessary 
for autophosphoyrlation to occur or that a conformational change required for autophosphorylation does not 
occur with the Fab fragment. 

c 235 

Yang and Steven Clark, Genetics Institute Inc., 87 Cambridge Pa54 Drive, Cambridge, 02140. 
Human interleukin-3 (IL-3) was biosynthetically labelled with [ S ]  methionine in Chinese 
hamster ovary (CHO) cells containing amplified copies of the human IL-3 cDNA. We have 
studied the interaction of t9f" labelled recombinant IL-3 with the human acute myelogenous 
leukemia cell line, KG-1. [ S ]  IL-3 bound to KG-1 cells in a time dependent, saturable 
and specific manner at 4%. Scatchard transformation of binding isotherms performed at 4' 
C demonstrated the existence of a small number (175-250) of binding sites with an apparent 
dissocig5ion constant of 70-105 pM. After a temperature shift from 4°C to 37"C, surface 
bound [ S] IL-3 was rapidly internalized and processed into a trichloroacetic acid 
soluble form. Experiments to address the specificity of the IL-3 binding site indicated 
neither human IL-2, M-CSF, g3ythropoietin, transferrin, bovine insulin, nor murine nerve 
growth factor compete for [ S ]  IL-3 binding. Only human and gibbon recombinant IL-3, and 
surprisingly human recombinant GM-CSFcould effectively compete.Competltion by GM-CSF was 
found to be concentration dependent, but followed kinetics different from the sigmoidal 
competition curve seen with IL-3. 

CHARACTERIZATION OF IL-3 RECEPTORS ON HUMAN ACUTE MYELOGENOUS LEUKEMIA CELL LINE 
KG-1, R.A. Mufson, T.G. Gesner, Katherine Turner, Christine Norton, Yu-Chung 

c 236 EXPRESSION OF GROWTH FACTOR RECEPTORS I N  HUMAN COLON ADENOCARCINOMA CELL LINES, 
U. Mur thy ,  M.A. Anzano and R.  Gre ig ,  Department o f  C e l l  B io logy ,  Smi th  K l i n e  & 
French Labora to r ies ,  K ing  o f  Pruss ia ,  PA 19406 

The express ion  o f  recep to rs  for  EGFITGF-a, TGF-O, IGF-I and PDGF was examined i n  human 
co lon  carcinoma c e l l  l i n e s .  Rad io l igand b i n d i n g  and immunoprec ip i t a t i on  ana lys i s  
revea led  EGFITGF-a recep to rs  i n  a l l  c e l l  l i n e s  tes ted .  These recep to rs  were biochemi- 
c a l l y  f u n c t i o n a l  s ince  cha l lenge w i t h  EGFITGF-a inc reased recep to r  au tophosphory la t ion .  
TGF-8 ( f rom bo th  human and po rc ine  sources) b locked DNA syn thes i s  i n  non-neop las t ic  r a t  
e p i t h e l i a l  c e l l s ,  b u t  was w i t h o u t  de tec tab le  e f f e c t  on 90% o f  t h e  co lon  Carcinoma c e l l  
l i n e s .  Chemical c r o s s l i n k i n g  o f  1251-TGF-0 t o  i t s  recep to rs  demonstrated sn 
aber ran t  recep to r  subtype i n  4/5 co lon  carcinoma c e l l  l i n e s .  Rad ioreceptor  b i n d i n g  and 
c r o s s l i n k i n g  s tud ies  revea led  IGF-I  recep to rs  i n  a l l  co lon  carcinoma l i n e s  examined. 
A l though PDGF was produced and secre ted  by c e r t a i n  co lon  c e l l  l i n e s ,  recep to rs  f o r  t h i s  
l i g a n d  were n o t  de tec ted .  These r e s u l t s  suggest t h a t  u n c o n t r o l l e d  p r o l i f e r a t i o n  o f  
co lon  adenocarcinoma c e l l s  may r e f l e c t  l o s s  o f  nega t i ve  r e g u l a t i o n  3s w e l l  as p roduc t i on  
o f  progression/competence f a c t o r s  such as TGF-a, PDGF and IGF-I .  
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c 237 CELL TYPE DISTRIBUTION AND IXT%;RNALIZ/‘ITION OF THE FIBROBLAST GR@WTH 
FACTGR RECEPTOR. Bradley R. Olwvin, ?iilTicia Noel, Dorh Bader and Stephen D. Nauschka, Department of 
Biochemistry, SJ-70, Univcnity of Washington, Seattle, WA, 98195. 
The fibroblast growth factor (FGP) fhnuly of polypeptides are known mitogens for a wide variety of cells and are 
rxitive and negative regulaiors of cellular differentiation. To understand more concerning the overall role of FGF 
in development, we have surveyed a number of cell and tissue types for FGF receptor (FGFR), and have studied 
FGFR internalization in fibroblasts and skeletal muscle cells. Scatchard analysis of human, rat, mouse, and 
hamster cells revealed high affinity binding sites for FGF ranging from 700-30,000 sites per cell with Kds of 8-60 
phf. Anionic (aFGF) and cationic (bFGF) forms of bovine FGF compete for 1251-labeled bovine aFGF binding to 
all cell types examined except hemopetic cells which do not possess FGFR. Chemical crosslinking of 1251- 
aFGF to intact cells revealed a strikingly uniform 165 kDa polypeptide receptor in human, rat, mouse, and 
hamster cells. In contrast, FGFR were not detectable in adult bovine, human placenta, or chicken tissues, while 
embryonic mouse and chick tissues exhibited high affinity 1251-aFGF binding sites. Analogous to several other 
growth factor receptors, FGF addition to intact cells at 3 7 O  C causes rapid receptor-mediated internalization and 
degradation of IZsI-aFGF. Swiss 3T3 cells and MM14 skeletal muscle myoblasts internalized 50% of the bound 
ligand in 10 and <1 min, respectively. When MM14 cells become committed (irreversibly lose their FGF- 
responsiveness) to terminal differentiation by removal of FGF from the growth medium, the cell surface FGFR 
disappear totally by 24 h after FGF withdrawal. During this period the rate of FGFR internalization remains 
identical ta that in proliferaring myoblasts. 

C 238 EXPRESSION AND CHARACTERIZATION OF THE EXTRACYTOPLASMIC PORTION OF THE MOUSE 
PLATELET-DERIVED GROWTH FACTOR RECEPTOR. P a t r i c i a  L. Orchansky, Jaime A. 

Escobedo and L e w i s  T. Williams, Un ive r s i ty  of  C a l i f o r n i a ,  Card iovascular  Research 
I n s t i t u t e  and Howard Hughes Medical I n s t i t u t e ,  San F ranc i sco ,  CA., 94143. 

The  coding sequence of the external domain of t h e  PDGF receptor ,  truncated j u s t  
outs ide the  transmembrane region, was cloned i n t o  an SV40 ear ly  promotor expression 
vector. Plasmids containing truncated or wi Id type receptor  coding sequences were 
t ransfected i n t o  Chinese hamster ovary (CHO) c e l l s  devoid of endogenous PDGF receptor and 
s tab le  t ransfec tan ts  were selected.  The truncated receptor  t ransfec tan ts  expressed 10-50 
fold more receptor  protein than the wild type t ransfec tan ts .  Both proteins  were 
recognized by extracel  l u l a r  domain an t i  receptor antibody. The expressed truncated 
receptor had a molecular weight of 70-80kDa on SDS-PAGE, whereas the  e n t i r e  receptor had 
the expected molecular weight of 18OkDa. The ex t race l lu la r  domain t ransfec tan ts  bound 
125I-PDGF w i t h  approximately the same a f f i n i t y  as the  wild type, ind ica t ing  t h a t  the 
PDGF binding s i t e  i s  located in the  extracytoplasmic portion of the  receptor  and tha t  
cytoplasmic and transmembrane sequences a r e  not necessary f o r  high a f f i n i t y  PDGF binding. 

c239 Biochemical Charac t e r i za t ion  o f  t h e  Nurine IL-3 R cep to r  wi th  a Po y 

George Washington Univ., *Program Resources Inc .  and ’LMI BRMP NCI-FCRF 
Freder ick .  MD. Rabbit  po lyc lona l  sera were genera ted  a g a i n s t  plasma membrane 
p repa ra t ions  e x t r a c t e d  from t h e  IL-3 dependeqg ce l l  l i n e  FW 311. The r e s u l t i n g  
anti-FW311 s e r a  is capable  of  competing wi th  I-IL-3 f o r  its r e c e p t o r  a s ses sed  
by r ad io recep to r  a s says  f o r  IL-3. The an t i -F  1 sera i s  a l s o  capable  of  
p r e c i p i t a t i n g  d e t e r g e n t  e x t r a c t e d  p repa ra t ions  of ‘”I-IL-3 c ross - l inked  t o  i ts 
recep to r  on 32D-C123 SRC. When e l ec t rophoresed  and exposed t o  f i l m ,  r e s u l t i n g  
autoradiograms These a r e  
152, 132 and 72 k i l o d a l t o n s  after s u b t r a c t i o n  of I-IL-3 ( 2 8 , 0 0 0 ) .  Normal 
r a b b i t  serum p r e c i p i t a t e s  no th ing  and t h e s e  same t h r e e  bands occur  when cross- l inked  
p repa ra t ions  a r e  e l ec t rophoresed  wi th  no immune p r e c i p i t a t i o n .  Detergent  e x t r a c t e d  
membranes from cel ls  con ta in ing  t h e  IL-3 r e c e p t o r  can com@.e wi th  t h e  anti-FW311 sera 
i n  a concen t r a t ion  dependent manner f o r  c r o s s  l i n k e d  I-IL-3 t o  i t s  r e c e p t o r  
whi le  membrane p repa ra t ions  known not  t o  con ta in  t h e  IL-3 r e c e p t o r ,  do no t  compete. 
Furthermore.  when s u r f a c e  l a b e l l e d  p o t e i n s  from 32D-C123 SRC are p r e c i p i t a t e d  wi th  
anti-FW311 s e r a ,  t h r e e  major bands r e s u l t  upon au to rad iog raph ic  a n a l y s i s .  These a r e  
150. and 70 k i l o d a l t o n s  which cor respond t o  t h e  molecular weights  p r e c i p i t a t e d  
from I-IL-3 c ross - l inked  t o  its r e c p t o r .  Thus t h e  anti-FW311 ant ibody appea r s  
t o  recognize  t h e  murine IL-3 r ecep to r  and could  r e p r e s e n t  a va luab le  r e sea rch  t o o l  i n  
f u r t h e r  c a r a c t e r i z a t i o n  of  t h e  r ecep to r .  

c i o n a l ,  Antibody, E.W Pa laszynski l , .  J .  KellerZ” and F. Ruscetti 4 -  , 

y i e l d  t h r e e  major bands p r e c i p i t a t e d  by 195 anti-FW311 sera. 
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c 240 INTERLEUKIN-4 BINDS TO HURINE FIBROBLASTS: RECEPTOR CHARACTERIZATION AND 
INDUCTION OF COLONY STIMULATING ACTIVITY PRODUCTION. Linda S. Park, Robert J. 
Tushinski, Diane Y. Mochizuki and David L. Urdal, Immunex Corporation, Seattle, 
WA 98101. 

We have previously demonstrated the presence of receptors for IL-4 on a broad spectrum 
of cell lineages, and now report the presence of receptors for IL-4 on murine 
fibroblast 
class of high affinity receptor (<2000 receptors per cell) with a K of lo9 - 10 . 
Affinity crosslinking experiments on L929 cells resulted in the ideatification of a 
single receptor species with an average H of 139,000 t 12,000, similar to that found 
on human adherent and nonadherent cells 6ut larger than that of H 60,000 to 75,000 
previously reported on murine cells. Further experiments revealed tkat with sufficient 
protease inhibitors, receptor subunits of H 138,000 to 145,000 could also be detected 
on murine nonadherent cell lines. To gxamine the possibility that BSF-1 might 
stimulate production of colony stimulating factors by fibroblasts, monolayers of 
BALB-c/3T3 cells were maintained in the presence or absence of IL-4 and the culture 
media and colony growth of hematopoietic 
precursor cells from mouse bone marrow. The production of colony stimulating activity 
was stimulated significantly, as measured by both assays, within one day following 
addition of IL-4, and the levels detected increased with increasing time of incubation 
with IL-4. This observation expands the repertoire of activities that have been 
attributed to IL-4 and may help explain the diverse effects that IL-4 displays. 

TiY and epithelial cells as well. In all cases IL-4 binding exhibited a sin 

tested for capacity to support proliferation 

c 241 
M Peacocke, M Yaar, CP Mansur MV Chao* and BA Gilchrest. USDA Human Nutrition 
Research Center on Aging at Tufts University, Boston, MA. 02111 and Dept. of Anatomy 
and Cell Biology, Cornell University Medical College, New York, NY 10021 

The nerve growth factor receptor (NGFR) is a 70-80,000 dalton protein found on the surface 
of many neural crest derived cells. I t  has been well characterized in phecchranxytam 
cells, sympathetic nerve cells and melanana cells. 
receptor on the surface of the hman mlanccyte have not been fruitful. I n  our tissue 
culture system, when melanccytes are stirmlated with phorbol 12-tetradecanoate 13-acetate 
(TPA), the initially tripolar/stellate cells convert within hours to cells with praninent 
nuclei, scarse perinuclear cytoplasm and long, dendritic processes projecting toward 
adjacent cell bodies. 
appearance on the cell surface of a linear pattern of inmunofluorescence staining with the 
mnoclonal antibdy ME20.4, known to recgnize the human NGFR. 
inmunoblotting studies identified a protein of roolecular weight 70,000-80,000 daltons in 
TPA-treated cells. The gene for the NGFR 
receptor has recently been cloned, and northern blot analysis of melanccyte total cellular 
FNA using the NGFR cEN.4 probe demonstrated increasing levels of the 3.8 kilobase NGFRmmA 
in melanocytes stimulated with TPA up to 12 hours  post stimulation but an absence of this 
mT(NA species in unstimulated melanccytes. Thus, these data establish the ability of 
cultured human melanocytes to express the NGFR, given the appropriate stimlation, and 
suggest a role for NGF in the human pigmentary system. 

INDUCIION OF NERVE GFCWI'H FACTOR RECEPIDRS ON CUL'KIRED HUMAN MELANOCYTES, 

To date, efforts to identify this 

We observed that this morphological phenomenon corrleted with the 

Subsequently 

This band was not seen in unstimlated cells. 

C 242  IN^^ ~ ~ ~ E U N E  SIGWJX OF 'IHE I" RECEPX)R -E, J.E. Pessin, L.J. sweet, 
B.D. b r r i s o n ,  M.L. h n  and P.A. Wilden, lhe University of Iowa, I m  C i t y ,  IA 52242. 

hb have begun to investigate the mlecular mchanisn by which extracellular insulin binding t o  the a subunit of 
the insulin receptor results i n  the propagation of a transrwbmne si& that activates the intracellular 6 
s u m l i t  kinase darain. In these studies, the m t i v e  o,$ heterotetrarreric d idf ide- l inked  i n d i n  receptor 
cmplex ms d i s r r i a t e d  into a functional @ kterdimer& state by treatmmt w i t h  a canbination of alkaline pH 
and UiT. Exandnation of the kinetics of autophosphorylation damnstrated that both basal and i n d i n  stinulated 
autopluspLlorylation occurred i n  a dilutimindependent m r  for the a$ canplex (intramolecular) but cccurrd 
i n  a d i l u t i a w + z n d e n t  m e r  for the @ canplex (intenrolecular). d i n  treatment of the isnlated @ ccmplex 
was also observed t o  induce the canplete reassociation to an or*& state when analyzed by nondenaturing Bi&l A- 
1.511 gel f i l t ra t ion  chramtcgraphy. Faever,  nonrducing %&PAGE of '*'I-insulin a f f in i ty  crosslinked and 3*P- 
autophosphorylated @ ktercdimers demnstrated that the i n d i d e p e n d e n t  reassociation to the QB2 state 
occurred b t h  covalently and n-valently under these conditions. 
i n s u l i d e p d e n t  reassociation with that of substrate kim activity indicated tha t  protein kinase activation 
directly correlated with the fonmtion of the covalent a c a q l e x  fran the isolated @ hetercdimers. 'Ihe n m  
cavalent reassociation of the @ heterodimers was found 2% reversible and t o  be dependent u p m  the ccntinuous 
presence of both a d iva lmt  metal ion (M7 or Eg) and an adenine nucleotide (A", AC? or !"). 
the d i d e n t  metal ions or NaAW separately wre incapable of inducing the nMFcoyalent association between the 
@! heterodimers. 'Ihese rwlts d m m t  that M7&$lF and insulin modulate the interactions kbem the 
'netercdimeric insulin receptor subunits i n  a m e r  necessary for the ind i r tdependent  regulation of i n d i n  
receptor protein k i e  activity.  

A canparison between the t i n e  c w s e  of 

In contrast, 
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C243 THE HUMAN IFN-GAMMA RECEPTOR IS LOCATED IN PROXIMITY TO THE C-ROS ONCOGENE ON 
CHROMOSOME REGION 6916 TO 6Q22, Klaus Pf izenmaier ,  K a t j a  Wiegmann, Peter  Scheur ich,  

Mar t i n  Kronke, Michel  Aguet", and lfgur Ucer, C l i n i c a l  Research Group BRWTI, Max-Planck- 
Soc ie ty ,  3400 Gott ingen, FR Germany; " I n s t i t u t e  o f  Immunology, Zur ich ,  Swi tzer land.  
S p e c i f i c  h igh  a f f i n i t y  IFNy-receptors a re  c o n s t i t u t i v e l y  expressed on some normal and most 
ma l ignant  c e l l s  o f  va r ious  t i ssues .  Both hyperexpression o f  IFNy-receptors and recep to r  nega- 
t i v e  c e l l s  have been found i n  lymphoid mal ignancies,  cha rac te r i zed  by f requen t  d e l e t i o n s  o r  
t r a n s l o c a t i o n s  o f  t he  long arm o f  human chromosome 6, which harbour severa l  oncogenes. As 
e a r l i e r  s tud ies  mapped IFNY b ind ing -capac i t y  t o  chromosome 6, we were i n t e r e s t e d  t o  know 
which p a r t  o f  ch r  6 i s  invo lved.  Employing human-rodent c e l l  hybr ids ,  we have analyzed human 
IFNy-receptor express ion  by l i g a n d  b ind ing -s tud ies  as w e l l  as by b i n d i n g  o f  a recep to r -spec i -  
f i c  mAb (A6) .  The da ta  ob ta ined show i co-o rd ina te  b ind ing -capac i t y  f o r  IFNY and an t ibody  A6 
as we l l  as compe t i t i on  i n  b i n d i n g  t o  h y b r i d  c e l l s ,  i n d i c a t i n g  t h a t  t h e  A6-def ined p r o t e i n  i s  
capable o f  h igh  a f f i n i t y  IFNY b ind ing  and thus  represents  a t  l e a s t  p a r t  o f  t h e  IFNy-receptor;  
ii) concordant segregat ion  o f  IFNy-receptor express ion  w i t h  presence o f  chromosome r e g i o n  
6q16 t o  6q22, on which t h e  r o s  oncogene, a member o f  t he  src-gene f a m i l y ,  i s  l oca ted .  Thus 
the  IFNy- receptor  gene i s  apparent ly  l oca ted  i n  p r o x i m i t y  t o  an oncogene and i n  a reg ion  o f  
f requent  abe r ra t i ons ,  which migh t  be seen i n  a causal  r e l a t i o n s h i p  t o  t h e  deregu la ted  expres- 
s ion  o f  IFNy-receptors i n  some lymphoid tumors. However, unresponsiveness o f  ch r .  6 h y b r i d  
c e l l s  t o  human, bu t  n o t  t o  mouse IFNY, i n d i c a t e s  l a c k  o f  s igna l  t ransduc t ion  o f  t h e  human 
IFNy-receptor p r o t e i n  coded f o r  by ch r .  6 and suggests t h e  p o s s i b i l i t y  o f  a complex s t r u c t u r e  
o f  IFNy recep to rs  comprised o f  f u n c t i o n a l  subun i ts  coded f o r  by d i s t i n c t  chromosomes. 

c 244PRESENCE OF SOMATOMEDIN RECEPTORS ON PRIMARY HUMAN BREAST 
AND COLON CANCERS. Michael N. Pollak, James F. Perdue, Kathy 

Baer, and Martine Richard, McGill University Cancer Centre and 
Department of Oncology, Jewish General Hospital, Montreal, 
Quebec, H3T 1E2. 
Competitive binding techniques were used to study the interaction 
of insulin-like growth factor I (IGF-I) with a plasma membrane- 
enriched subcellular fraction purified from primary breast and 
colon carcinoma specimens obtained at surgery. The presence of 
specific binding sites for IGF-I was detected in all tumour 
specimens studied. Scatchard analysis and competition studies 
with insulin and insulin-like growth factor-I1 (IGF-11) revealed 
the presence of specific IGF-I receptors, showing a Kd of 
approximately 2 nM. These results are consistent with the 
hypothesis that somatomedins play a role in determining the 
proliferative behaviour of human breast and colon tumours, and 
suggest that recent laboratory studies showing dependance o f  
neoplastic cells on somatomedins for optimum proliferation may 
have clinical relevance. 

c 245 
Regu la t ion  o f  growth f a c t o r  recep to rs  i s  no t  f u l l y  understood. 
s e l e c t i v e l y  reduce the  number o f  t h e i r  own recep to rs  by a process known as down r e g u l a t i o n  
and some growth f a c t o r s  i n f l u e n c e  recep to rs  f o r  o t h e r  growth f a c t o r s  by a process known as 
receptor  t ransmodu la t ion .  
growth f a c t o r  recep to rs  t h a t  has no t  been p r e v i o u s l y  repo r ted :  t h e  b i n d i n g  o f  f o u r  
d i f f e r e n t  growth f a c t o r s  i s  reduced as c e l l  d e n s i t y  i s  increased. Th is  e f f e c t  was 
i n i t i a l l y  observed f o r  t h e  b i n d i n g  o f  TGF-8 t o  f i v e  d i f f e r e n t  c e l l  l i n e s .  
ana lys i s  o f  t h e  b i n d i n g  da ta  i n d i c a t e s  t h a t  t h e  reduc t i on  i n  TGF-5 b i n d i n g  r e s u l t s  f rom a 
decrease i n  t h e  number o f  recep to rs  and no t  f rom a change i n  recep to r  a f f i n i t y .  
Examination o f  severa l  c e l l  l i n e s ,  under c o n d i t i o n s  where TGF-5 b i n d i n g  i s  reduced, 
revea led  t h a t  EGF b ind ing ,  PDGF b i n d i n g  and FGF b i n d i n g  a re  a l s o  reduced. I n  add i t i on ,  we 
have determined t h a t  t h e  reduc t i on  o f  b i n d i n g  i s  n o t  due t o  a r e d u c t i o n  i n  c e l l  spreading. 
De ta i l ed  ana lys i s  o f  our  da ta  s t r o n g l y  suggest t h a t  t h e  e f f e c t  o f  c e l l  d e n s i t y  on growth 
f a c t o r  receptors  d i f f e r s  f rom recep to r  down r e g u l a t i o n  and recep to r  t ransmodu la t ion .  
Therefore, we propose t h a t  t h i s  process be r e f e r r e d  t o  as dens i ty - induced down r e g u l a t i o n  
o f  growth f a c t o r  recep to rs .  
growth fac to r  recep to rs  i s  unc lear ,  b u t  i t  l i k e l y  t o  i n f l u e n c e  c e l l  p r o l i f e r a t i o n .  
(Supported by Nebraska Oept. o f  Hea l th  87-38, HD 19837 and CA 36727) 

DENSITY-INDUCED DOWN REGULATION OF GROWTH FACTOR RECEPTORS A. R izz ino ,  P. Kazakoff ,  
E. Ruf f ,  C. Kuszynski. Eppley I n s t i t u t e ,  Univ. Neb. Med. Ctr. h a h a ,  NE 

Growth f a c t o r s  can 

I n  t h e  c u r r e n t  study, we have observed a general  e f f e c t  on 

Scatchard 

A t  present,  t h e  r o l e  o f  dens i ty - induced down r e g u l a t i o n  o f  
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C 246 CHARACTERIZATION OF THE ENDOTHELIAL CELL GROWTH FACTOR 
(ACIDIC FIBROBLAST GROWTH FACTOR) RECEPTOR OF CORONARY VENULAR 
ENDOTHELIAL Margaret E. Schelling, James R. Hawker Jr., and Harris J. Granger, 
Texas A&M University College of Medicine, College Station; ,TX 77843. 
Coronary angiogenesis involves the proliferation of coronary venular endothelial cells. The 
kinetics of binding of iodinated Endothelial Cell Growth Factor (acidic Fibroblast Growth Factor) 
to coronary venular endothelial cells was determined. Binding was saturable and specific, as 
evidenced by competition studies. Scatchard analyses of the binding data were used to 
determine the number of receptor sites per cell. For the binding of ECGF to coronary venular 
endothelial cells, the Kd was 5.10 x 10-10 M and there were 34,800 binding sites (ECGF receptors) 
pcr cell. ECGF binds to aortic endothelial cells with a Kd of 9.3 x 10-loM. eachcell has 25,000 
receptor sites. In competitive binding studies, unrelated mitogens such as Epidermal Growth 
Factor did not compete in the binding of ECGF to its receptor on coronary venular endothelial 
cells, but basic Fibroblast Growth Factor did compete. Heparin at concentrations from .1 u g h 1  
to 8 u g h 1  was found to potentiate the binding of ECGF to its receptor. Heparin at any 
concentration was found to inhibit the binding of b-FGF to its receptor. Covalent crosslinking 
studies indicated the molecular weight of the receptor to be 110 Kda, which differs from the 
molecular weight of 150 Kda reported for the ECGF receptor isolated from lung endothelial cells 
(J. Biol. Chem. 261:7581). B-FGF was found to compete in the covalent crosslinking of ECGF to its 
receptor on coronary venular endothelial cells. 

CELLS. 

c 247 REGULATION OF TNF-RECEPTOR EXPRESSION CONTROLS TNF-SENSITIVITY, Peter Scheurich,  
Be t t ina  Thoma, Rainer Unglaub, and Klaus Pfizenmaier,  C l in i ca l  Research Group 
"BRWTI" of t h e  Max-Planck-Society, 3400 Gottingen, FR Germany. 

I t  i s  evident  from numerous s t u d i e s  t h a t  tumor c e l l s  show a d i f f e r e n t i a l  s e n s i t i v i t y  t o  TNF- 
mediated cytostasislcytotoxicity. Mechanisms c o n t r o l l i n g  t h i s  d i f f e r e n t i a l  responsiveness  may 
be e f f e c t i v e  both a t  t h e  level  of TNF r ecep to r s  and a t  post-receptor  l e v e l s .  We here show 
t n a t  r egu la t ion  of TNF-receptor expression and func t ion  con t r ibu te s  t o  con t ro l  of TNF-sensi- 
t i v i t y .  While IFN-gamma enhances TNF-receptor expression on a broad spectrum of tumor c e l l s ,  
I ? - 2  i n  conjunct ion with ant igen r ecep to r  c ros s l ink ing  i s  required f o r  de novo induct ion and 
maintenance o f  TNF-receptor expression i n  normal r e s t i n g  T-lymphocytes. In c o n t r a s t ,  i n  both 
nor.na1 and malignant c e l l s  of var ious t i s s u e  o r i g i n s ,  s e l e c t i v e  a c t i v a t i o n  of p ro te in  kinase-  
-C by s t imu l i  such a s  oleyl  acetyl  glycerol  provokes an immediate and complete l o s s  of TNF 
binding capac i ty .  As down-regulation of TNF-binding i s  n e i t h e r  due t o  i n t e r n a l i z a t i o n  of nor 
due t o  shedding of TNF-receptors, our da t a  suggest  t h a t  PKC d i r e c t l y  phosphorylates TNF- 
meinbrane r ecep to r  p ro te ins ,  thereby causing a g r e a t e r  100-fold decrease i n  b ind ing-a f f in i ty  
and i r r e v e r s i b l e  i n a c t i v a t i o n  of phosphorylated r ecep to r s .  This i s  p a r a l l e l l e d  by a convers- 
ion o f  TNF-sensit ive c e l l s  t o  a r e s i s t a n t  phenotype. Transient s t imu la t ion  of PK-C a l lows 
recovery of binding capac i ty  by de novo syn thes i s  r ecep to r  p ro te ins .  Upon reexpression of 
r ecep to r s  i n  these  c e l l s ,  TNF-sensi t ivi ty  i s  f u l l y  recovered. 

C 248 EPIDERMAL GROWTH FACTOR RECEPTOR GENE ABNORMALITIES IN HUMAN NON-SMALL CELL LUNG 
CANCER, P.M. Schneider M.-C. Hung M.A. Tainsk A. Gazdar R.S. A m e s ,  and J . A  
Roth, DeDartments of ThAracic Suraery'and Tumor B i o k w .  M .  D. Anderson HosDital a n i  

exh ib i t ed  rearrangements and' 20 (42%).demohstrated ross'of a 4 . 2  Kb Eco R! fragmenf in  
t h e i r  tumor and/or  lymbh node me tas t a s i s  compared t o  DNA i s o l a t e d  from uninvolved lun 
t i s s u e .  Lymph node metastases  from 5 of 6 p a t i e n t s  (83%) showed l o s s  of t h i s  fragmenf 
a l thou  h i t  was p resen t  i n  2 of the  primary tumors. The 4.2 Kb fragment was absent  i n  !he 
6 NSCfC c e l l  l i n e s .  This  fragment hybridized with f h e  s p e c i f i c  $robe for t he  t ro s ine  
k inase  domain of t he  r ecep to r  under h i  h s t r ingency  cond i t ions  and d i  cross-hygridize 
with No abnormayit ies  i n  the  c-myc and N-myc genes could be detected 
i n  the  pat ienFs.  We conclude tha t  EGFR gene abnorma l i t i e s  a r e  f r equen t  and may play an 
important r o l e  i n  i n i t i a t i o n  o r  progression of human NSCLC. 

not 
t he  human neu gene. 
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C 249 A PUTATIVE ANTI-IL3 RECEPTOR ANTIBODY, Jolanda Schreurs, Atsushi Yiyaj ima, and 
Ken-ichi Arai, DNAX Research Institate, Palo Slto, CA 94304. 
Chigusa Aattori, Emiko Tezuka, Sumie Tamura, and Yumiko Ohta, Nippon Roche 
Research Center, Kamakura, Kanagawa 247, Japan. 

Yinoru Sugawara, 

Interleukin-3 (IL-3) is a growth 
factor for multi-potential hematopoietic cells. Ohta et al. (in press) have shown that 
hybridomas from autoimmune IWL/lpr mice secrete antibodies with IL-3-like activities. 
analysis of these antibodies strongly indicates that one, M7B15.1-F9 or (F9) , interacts 
with the IL-3 receptor or with part of an IL-3 receptor complex. Our evidence is as 
follows: 1) FQ (7 isotype) is a full agonist (80-100% IL-3 efficacy) with a potency of 
0.5-2.0 nM in proiiferation assays using 8 different IL-3 dependent cell lines of mast or 
myeloid origin; 2) A variant cell line, 
maximum proliferation also has a 100-200 fold increased concentration requirement for F9; 
3) The antibody is not additive with IL-3 in bioassays, suggesting that the same or 
similar transduction mechanism is used; 4) The specificity of the agonist effects of this 
antibody were investigated in radioligand binding assays. Pre-incubation of 3 different 
cell lines with FQ leads to greater than 90% competition of the [125I]IL-3 specifically 
bound, with an IC50 of about 200 nM; it has no effect on [125I]IL-4 binding to these same 
cells; 5 )  The converse is also true. 
receptor associated [125I] -F9 antibody; IL-2 has no effect. 
molecular mass of this antigen is in progress. 

Our 

NFS60.8, which requires 30-fold more IL-3 for 

Purified IL-3 blocks the binding of non-Fc 
Determination of th;! 

c 250 TRE MAJOR TGF-8 RECEPTOR IS A LIPOPHILIC PUOTEOGLYCAN. 
Patricia R. Segarini,t Ralph Sanderson,* and Saeid H. Seyedin.7 tCollagen 

Corporation, 2500 Faber Place, Palo Alto, CA 94303 *Department of Pediatrics, Stanford 
University School of Medicine, Stanford, CA 94305 

several components at the cell surface. On fibroblast-like cells there are 3 classes of 
binding species, namely, low Mr, 50-80 kDa, intermediate M,, 115-140 kDa, and the major 
binding species, which are heterogeneous in size with an average Mr of 250 kDa and are 
glycosylated with heparan sulfate and chondroitin sulfate chains. Furthermore, these 
proteoglycan receptors are highly hydrophobic, supporting the assumption that they are 
integral membrane components. Removal of the glycosaminoglycan (GAG) chains yields 
products that migrate on 4-10% gradient PAGE at the same size as the intermediate sized 
binding components suggesting that the intermediate species represent nonglycosylated core 
proteins of the intact molecule. In situ digestion of Swiss 3T3 cells with GAG-specific 
degradative enzymes eliminates the 250 kDa binding species and enriches the intermediate 
sized binding species, suggesting that TGF-61 and TGF-62 do not bind to the glycos- 
aminoglycan chains and that these sugars are not necessary for interaction of the factors 
with the binding components. The basis for the multiple binding species is unclear, but 
the data suggest that the high and intermediate Mr species range in the extent of their 
glycosylation. The presence of glycosaminoglycan chains on the major species indicates 
that it has the potential for interaction with the extracellular matrix. 

Both forms of transforming growth factor-beta (TGF-6), TGF-61 and TGF-62 bind to 
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c252 CLONING OF THE MOUSE INTERLEUKIN 1 RECEPTOR, J . E .  Sims, D. Urdal,  C . J .  March, 
S.H. Cal l ,  J .  Jackson,  A.  Akel is ,  and S.K. Dower, Immunex Corporat ion,  51 

Universi ty  S t r e e t ,  S e a t t l e ,  WA 98101. 
I n t e r l e u k i n - l a  and in t e r l euk in -16  play a c e n t r a l  r o l e  i n  the  r egu la t ion  of immune and 
inflammatory responses .  They r e g u l a t e  the metabolism of c e l l s  through a common plasma 
rpembrane r ecep to r  p ro te in .  I n  t h i s  s tudy ,  i t  is  demonstrated t h a t  t h e  IL-1 r ecep to r  
from de te rgen t  s o l u t i o n s  of EL-4 c e l l s  can be s t a b l y  adsorbed t o  n i t r o c e l l u l o s e  with 
f u l l  r e t e n t i o n  of IL-1  binding a c t i v i t y .  This  a s say  system was used t o  monitor t he  
p u r i f i c a t i o n  of t he  IL-1 r ecep to r .  I L - 1  r ecep to r s  e x t r a c t e d  from EL-4 6 .1  C 1 0  c e l l s  
can be bound t o  and s p e c i f i c a l l y  e l u t e d  from IL-1u coupled t o  Sepharose.  The a f f i n i t y  
chromatography method r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n ,  by s i l v e r  s t a i n i n g  of 
polyacrylamide g e l s ,  of a p r o t e i n  of M 82,000 t h a t  was present  i n  f r a c t i o n s  e x h i b i t i n g  
IL-1  binding a c t i v i t y .  Fu r the r  purif:cation by l e c t i n  a f f i n i t y  chromatography and by 
reversed phase HPLC has y i e lded  m a t e r i a l  of s u f f i c i e n t  p u r i t y  t o  consider  p ro te in  
sequence a n a l y s i s .  

c 253 ESTROGEN REGULATION OF EPIDERMAL GROWTH FACTOR RECEPTOR MESSENGER RNA, George M. 
Stancel .  Russe l l  B. Lingham and David S. Loose-Mitchell. Department of Pharma- 

cology, The Un ive r s i ty  of Texas Medical School a t  Houston, Houston, TX. 77025. 
We have been i n v e s t i g a t i n g  the  p o s s i b l e  r o l e  of growth f a c t o r s  i n  s t e r o i d  mediated growth 
i n  vivo. and have demonstrated p rev ious ly  t h a t  e s t r a d i o l  (E2) causes  a th ree  f o l d  inc rease  
i n  epidermal growth f a c t o r  (EGF) r ecep to r s  i n  u t e r i n e  membranes ( J .  Biol .  Chem. 260:9820. 
1985). We now repor t  t h a t  t he  inc rease  i n  u t e r i n e  EGF recep to r  l e v e l s  fol lowing E2 is due 
t o  an inc rease  i n  t h e  s t eady- s t a t e  l e v e l s  of EGF recep to r  mRNA. A rat  EGF recep to r  cDNA 
(kindly provided by D r .  Axel U l l r i c h ,  Genentech, Inc.)  w a s  used t o  prepare an  a n t i s e n s e  
RNA probe. Following a s i n g l e  E2 i n j e c t i o n  t o  immature rats,  u t e r i n e  EGF recep to r  mRNA 
l e v e l s ,  a s  determined by RNA b l o t s ,  i nc rease  between 1 and 3 hours,  remain e l eva ted  a t  6 
hours ,  and dec l ine  between 12 and 18 hours.  This  change i n  mRNA l e v e l s  precedes t h e  in-  
c r ease  i n  f u n c t i o n a l  EGF recep to r s  which is e leva ted  6 t o  12  hours  a f t e r  hormone t r e a t -  
ment and d e c l i n e s  between 18 and 24 hours  a f t e r  s t e r o i d  admin i s t r a t ion .  The inc rease  i n  
EGF recep to r  mRNA is s p e c i f i c  f o r  e s t rogen ic  s t e r o i d s  s i n c e  progesterone,  dexamethasone, 
d ihydro te s tos t e rone .  and an i n a c t i v e  isomer of e s t r a d i o l  (17-alpha e s t r a d i o l )  do pro- 
duce t h i s  e f f e c t .  The E2 mediated inc reases  i n  EGF r e c e p t o r  mRNA l e v e l s  a r e  blocked by 
actinomycin D but  no t  by puromycin. 
l a t e s  t h e  l e v e l  of epidermal growth f a c t o r  r ecep to r  by inc reas ing  t h e  s t eady- s t a t e  con- 
c e n t r a t i o n  of t he  r ecep to r  mRNA i n  vivo. (Supported by N I H  g r a n t s  HD-08615, DK-38965 
and RR-01685 f o r  computer use.)  

Taken toge the r  t hese  r e s u l t s  i n d i c a t e  t h a t  E2 regu- 

c 254 

p 1 8 5 m  is a receptor-like protein encoded by the neu/erbB-2 proto-oncogene. p185 is closely related to 
the epidermal growth factor (EGF) receptor but does not bind EGF. We have found that incubation of 
Rat-I cells with EGF stimulates tyrosine phosphorylation of p185. The EGF-stimulated tyrosine 
phosphorylation of p185 and of the EGF receptor occurred with similar kinetics and EGF dose- 
responses, and both phosphorylations were prevented by down-regulation of the EGF receptor with 
EGF. Since p185 does not bind EGF, these results suggest that p185 is a substrate for the EGF receptor 
kinase. Incubation of cells with EGF before lysis stimulated the tyrosine phosphorylation of p185 in 
immune complexes. This suggests that EGF, acting through the EGF receptor, can regulate the intrinsic 
kinase activity of ~ 1 8 5 .  

The rat  transforming variant of p185 differs from its normal cellular counterpart by a 
single amino acid replacement in the transmembrane domain. We have found that this transforming 
protcin has higher tyrosine kinase activity in vitro than normal p185. Furthermore, cell lines expressing 
high levels of the transforming protein, but not cells expressing high levels of the normal protein, 
contained novel phosphotyrosine-containing proteins. These findings support the simple model that the 
oncogenic activation of p185 results in increased p185 effector activity. 

REGULATION OF P 1 8 5 m  BY ONCOGENIC ACTIVATION AND BY EGF, 
David F.Stern, Dept. of Pathology, Yale Medical School, New Haven, CT 06511. 
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o f  tieneral Phys io logy  and B iochemis t ry ,  U n i v e r s i t y  o f  K i l ano ,  V ia  C e l o r i a  26, 20133 Mi lano, 
I t a l y .  
The recep to r  f o r  PDGF i s  endowed w i t h  t y r o s i n e - s p e c i f i c  p r o t e i n  k inase a c t i v i t y  and becomes 
phosphorylated i n  t y r o s i n e  upon l i g a n d  b ind ing .  An t ibod ies  aga ins t  phosphotyrosine ( P - t y r )  
recognize the  phosphory la ted  fo rm o f  t he  recep to r  i n  Western b l o t s  as a sharp  band o f  170 
Kd. I n  Swiss 3T3 f i b r o b l a s t s  the  l igand- induced phosphory la t i on  o f  PDGF recep to rs  a t  37°C 
i s  fo l l owed  by dephosphorylat ion,  w h i l e  a 4' C t he  phosphory la ted  fo rm i s  more s tab le .  A 
m i l d  a c i d  t rea tment  o f  s t i m u l a t e d  i n t a c t  c e l l s ,  which removes the  surface-bound l i gand ,  
causes the  r a p i d  l o s s  o f  phosphate f rom the  P-tyr groups o f  t h e  recep to r .  Suramin which i n -  
duces the  d i s s o c i a t i o n  o f  t he  PDGF-receptor complex a l s o  lowers  the  P - t y r  con ten t  o f  t he  
PDGF recep to r .  These da ta  suggest t h a t ,  when the  1 igand- receptor  complex i s  d i ssoc ia ted ,  t he  
k inase a c t i v i t y  o f  t he  recep to r  i s  sw i tched o f f ,  and the  ty ros ine-bound phosphate decreases 
due t o  t he  a c t i o n  o f  phosphatases. On the  o t h e r  hand the  cleavage o f  t he  e x t r a c e l l u l a r  domain 
o f  t he  recep to r  by t r e a t i n g  PDGF-stimulated c e l l s  w i t h  t r y p s i n  g ives  r i s e  t o  two p r o t e o l y t i c  
fragments, which remain phosphory la ted  a t  t y r o s i n e .  
Supported by CNR Target  P r o j e c t  Oncology, g r a n t  n. 86.00285.84, and by A I R C .  

DISSOCIATION OF THE LIGANO AND DEPHOSPHORYLATION OF THE ACTIVATED PLATELET DERIVED 
GROWTH FACTOR RECEPTOR. E.Sturan i ,  R.Zippe!, L.Morel lo,  L.Alberghin.3. Department 

c 256IDENTIFICATION OF THE BOMBESIN RECEPTOR BY MONOCLONAL ANTI-IDIOTYPIC ANTIBODIES. 
Anders Sundan, Apothekernes Lab. A.S. Harbitzalleen 3,  0275  Oslo 2. Norway. 

Cross-linking experiments with iodinated gastrin releasing peptide (GRP) 
have recently identified cell surface binding molecules for bombesin/GRP 
migrating in SDS-gel electrophoresis with apparent MW 69 kD in intact and 
Triton X-100 extracts from quiecent Swiss 3T3 cells. By immunization of 
mice with a monoclonal antibody directed against the receptor-binding 
domain in bombesin/GRP, and subsequent hybridoma clone selection for 
binding activity against Swiss 3T3 extracts, we eventually was able to 
identify antibodies which inhibited GRP binding to intact 3T3 cells. One of 
these antibodies, termed BRICF6 and of IgGl subclass, reacted strongly with 
a 69 kD polypeptide in Western blots of Swiss 3T3 extracts. Furthermore, 
after cell surface iodination of quiecent 3T3 cells this antibody precipi- 
tated a molecule with apparent MW 69 kD. The immuno-precipitation could be 
inhibited by an excess of GRP, and the 69 kD polypeptide could be eluted 
from Sepharose-protein A-antibody BRICF6 complexes with GRP. The results 
indicate that in Swiss 3T3 cells GRP/bombesin bind a putative receptor 
polypeptide with apparent MW 69 kD. Furthermore, if the receptor is a 
complex containing other subunits these are not accessible to cross-linking 
aqens in intact cells, or  cell surface iodination. 

c 257 
Tetsuya Taga, Yoshikazu Kawanishi. Yuuich Hirata. Toshio Hirano and Tadarnitsu Kishimoto. 

RECEPTORS FOR B CELL STIMULATORY FACTOR 2 (BSF-2/IL-6 1 : REGULATION OF THE 
EXPRESSION AND BIOCHEMICAL CHARACTERISTICS 

Institute f o r  Molecular and Cellular Biology, Osaka University, Suita, Osaka 565, Japan. 

Receptors for  B cell stimulatory factor 2 (BSF-2-R or IL-6-R) were studied using 
radioiodinated recombinant BSF-2. There was a single class of receptors with a Kd of 
3.4x10-10M on EBV-transformed human B-LCL CESS and with a number of 2,700 per cell. 
Binding of 1251-BSF-2 to CESS was competitively inhibited by unlabeled BSF-2 but not by 
IL-1, IL-2, IFN-8, IFN-y and G-CSF, indicating the presence of the receptors specific for 
BSF-2. Four T cell lines examined did not express BSF-2-R but normal resting T cells did. 
BSF-2-R were not present on normal resting B cells but expressed on activated B cells 
fitting the function of BSF-2 which acts on B cells at the final maturation stage to 
induce immunoglobulin production. Two plasmacytoma lines examined expressed BSF-2-A, 
fitting the function of BSF-2 as plasmacytoma growth factor. The plasmacytoma line U266 
expressed two types of BSF-2-R with different Kd, one was lxlD-11M and the other was 
8~10-~%. Results from a saturable binding and following cross-linking study with 
dissuccinimidyl-suberate and a photo-affinity labeling study using photoactivatable, 
heterobifunctional , cleavable l25I-labeled Denny-Jaffe reagent indicated that BSF-2 
receptors on U226 were composed of two polypeptide chains of 120 kD and 80 kD. 
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c 258 INCREASE OF PDGF RECEPTOR EXPRESSION WHEN CELLS ARE CULTURED, Anders Tingstom, 
Louis Terracio, Lars Ronnstrand, Carl-Henrik Heldin, Lena Claesson-Welsh, Keiko 

Funa and Kristofer Rubin, Ludwig Inst for Cancer Research and Dept. of Medical and 
Thysiological Chemistry, Uppsala, Sweden and Univ. of South Carolina, Columbia, SC. 
The receptor for platelet derived growth factor (PDGF) is expressed on many 
mesenchymally-derived cells in vitro. Recently we have raised monoclonal antibodies 
recognizing the external domain of the PDGF receptor and we are currently using them to 
analyze the regulation of PDGF receptor expression. Histochemical staining of pig 
uterus revealed the presence of PDGF receptors on cells surrounding the glands and the 
coiled arteries of the endometrium, but very little or no staining on the myometrium. 
The same pattern was seen on isolated cells; myometrial cells were all negative while 
many endometrial cells showed staining specific for the PDGF receptor. When maintained 
in culture, the previously negative myometrial cells became positive for the PDGF- 
receptor after a couple of days, and after a week a completely dense monolayer of 
strongly positive cells was seen. The histochemical findings were supported by 
immunoblotting and autophosphorylation studies done on isolated membranes from 
myometrial and endometrial cells. In situ hybridization for PDGF receptor mRNA showed a 
higher synthesis in the endometrium than in the myometrium. These results indicate that 
the response to PDGF stimulation is not only dependent on the availability of the ligand 
but also on the expression of the receptor. 

C 259 CHARACTERIZATION OF A HIGH TITER RETROVIRUS CARRYING THE HUMAN PROTO-ONCOGENE 
ENCODING THE NORMAL EGP RECEPTOR, Thierry J. Velu, Laura Beguinot. William C. Vass, 

Ira Pastan. and Douglas R. Lowy. National Cancer Institute, Bethesda MD 20892. 
By inserting a normal human EGF receptor (hEGFR3 cDNA into a retroviral vector, we have 
generated a high titer retrovirus (up to 3 x 10 /ml). Chronicalty infected NIH3T3 cells 
expressed up to 4 x lo5 hEGFR/cell (normal NIH3T3 cells have 10 
absence of EGF, they grew similarly to control NIH3T3 cells, but they grew twice as fast as 
control cells in the presence of 20 ng/ml EGF and reached a higher saturation density. The 
dose dependent growth response to EGF of cells grown in serum free medium can be used as a 
highly sensitive bioassay for the quantitative assessment of EGF and TGFa. Its sensitivity 
for EGF is 100 pg/ml. Uninfected NIH3T3 cells can be used as controls for the specificity 
of growth stimulation. In acute infection of NIH3T3 cells, the EGFR virus induced EGF 
dependent foci of morphologically transformed cells and EGF independent foci in cells 
expressing TGFa. Infected cells formed colonies in soft agar, but only when EGF was added 
to the medium. Nude mice (which contain endogenous EGF) inoculated with cells expressing 
high levels of hEGFR developed tumors with a 55 day latency; the latency was shorter 
(35 days) when mice were given exogenous EGF ( 5  ug daily and subcutaneously). Control cells 
were non-tumorigenic. We conclude that high levels of hEGFR can induce ligand dependent 
transformation and contribute to tumorigenicity. These results suggest that the high number 
of EGFR found in a variety of human tumors may play a direct role in the pathogenesis of 
these diseases. 

hEGFR/cell). In the 

c 260 SMOKING-RELATED ALTERATIONS IN EPIDERMAL GROWTH FACTOR AND INSULIN RECEPTORS IN 
HUMAN PLACENTA. S-L. Wang, G. W. Lucier*, R. B. Everson* and K. T. Shiverick, University of 
Florida, Gainesville, FL 32610 and NIEHS*, Research Triangle Park, NC 27709 

Studies characterized insulin and EGF rece tors in human placental tissue from smokers and non- 
smokers. Specific binding of [12sI]-labeled insuin and EGF to placental membranes was not different between 
smokers compared to non-smokers. In wheat germ agglutinin-purified re arations of solubihzed membranes 
from non-smokers, EGF stimulated the active hosphorylation of Mr l?O,dbO (170K) and 140K protein bands 
which was half-maximal (EC50) at 5 x 10-8 M. ?n extracts from smokers, however, hosphorylation of these two 
protein bands was barely detectable over a range of 0 to 106 M EGF. Thus, bott basal and EGF-stimulated 
phosphorylation of the 170 and 140K bands was markedly decreased in placental membranes from smokers. In 
contrast, insulin stimulated the phosphorylation of a 95K protein which was immunoprecipitated with anti-insulin 
receptor antibody in membrane pre arations from both non-smokers and smokers. Dose-response curves for 
autophospho lation indicate that bC5 values were 2.6 and 7.0 nM insulin for non-smokers and smokers, 
respectively. Yaser  densitometry scan oy the 95K band on autoradiograms funher showed that maximal [32P]- 
incorporation was 30% greater in smokers compared to non-smokers. Analysis of the insulin-dependent phos- 
phorylation of an exogenous substrate, poly(Glu,Tyr) (4:l). showed a similar pattern of values for non-smokers 
vs smokers. These results indicate that insulin receptor autophospho lation and tyrosine kinase activity were 
normal or increased, while EGF-stimulated kinase activity was maxed1 decreased in placental membrane 
proteins from smokers. Western blot analysis using an antibody to the E&F receptor showed the presence of 
immunoreactive bands of 126K and 150-170K in receptor preparations from non-smokers, while only 126K 
protein was detected in preparations from smokers. Thus the smoking-related deficiency in EGF receptor auto- 
phosphorylation appeared to be due to the absence of 150-170K receptor protein. In conclusion, maternal 
ci arette smokin is associated with selective alterations in two major pathways involved in cell growth and 
dikerentiation in Lman placenta. 
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C 261 A CASCADE OF TYROSINE AUTOPHOSPHORYALTION IN THE  SUBUNIT ACTIVATES THE 
PHOSPHOTRANSFERASE OF INSULIN RECEPTOR, Morris F. White, Steven E. Shoelson, 

Henry Keutmann and C. Ronald Kahn, Joslin Diabetes Center and Harvard Medical School, 
Boston, MA 02215. 
The insulin receptor is a tyrosine-specific protein kinase that undergoes autophosphoryla- 
tion on at least 5 tyrosyl residues in its p-subunit during insulin binding to the a- 
subunit. This reaction activates a phosphotransferase in the ,9-subunit. To study this 
process we purified the insulin receptor from Fao hepatoma cells and carried out 
phospho;ylation in solution. Two phosphorylation sites are in the C-terminus: Tyr-1316 and 
T r 1322. Removal of this domain by mild trypsinolysis had no effect on the activation of 
txe- tyrosine kinase sug esting that these residues do not play a regulatory role. To 
understand the events wfich activate the kinase, we arrested the autophosphor lation 
cascade of the intact receptor with an antiphosphotyrosine antibody (aPY). Tie aPY 
inhibited autophosphorylation of the C-terminal domain, but had no effect on the first two 
autophosphorylation events which occurred in the Tyr-1150 domain at Tyr-1146 and either 
Tyr-1150 or 1151 (2Tyr(P)-form); however, this did not activate the kinase. Removal of the 
antibody allowed all three of these tyrosyl residues to be phosphorylated (3Tyr(P)-form) 
which activated the kinase in the presence or absence of the C-terminal domain. In the 
intact cell, the 2Tyr(P)-form of the Tyr-1150 domain predominated. We conclude that (1) 
autophosphorylation of the insulin receptor begins by phosphorylation of Tyr-1146 and 
either Tyr-1150 or Tyr-1151, and (2) pro ression of the cascade to phosphorylation of the 
third tvrosvl residue activates the DhosD%otransferase during in vitro assay: (3) in vivo,  
the ZTir(P(-form predominates suggestiig that progressio: of the autdphosphor lation 
cascade to the 3Tyr(P) -form is regulated during insulin stimulation. Thus, muPtisite 
DhosDhorvlation in the Tvr-1150 domain may be an important control site for transmission of 
the insulin signal in thk intact cell. 

. 

c262  TGF-p Receptors o f  Normal Hepatocytes and Hepatomas, Robert H. 

K e i i c h i  I takura,  Beckman Res.Inst., City o f  Hope, Duarte, CA 91101. Using a 
combination o f  a f f i n i t y  c ross l i nk ing  and compet i t ive b ind ing 
have compared the TGF-p 
several r a t  and human hepatoma l i n e s .  Four molecular weight species o f  TGF-,9 

hepatocytes. I n  add i t i on  t o  the 280 kDa, 85kDa and 65kDa receptors commonly 
seen i n  many other  c e l l  types, hepatocytes have the  somewhat r a r e r  135 kDa 
form as we l l .  
the 280 kDa receptor  i s  extremely low (Kd=2500 pM). 
l i n e s  has a d i s t i n c t i v e  ar ray o f  TGF-p 
t i o n s  o f  the hepatocyte forms and va r iab le  b ind ing a f f i n i t i e s .  
the c e l l  l i n e s  (SK Hep 1, an adenocarcinoma, Hep 3B, a human hepatoblastoma, 
and H 4 I I E  and MH C 
hepatomas, resp.f A' ad the same low a f f i n i t y  280 kDa receptor  as the 
hepatocytes. The other  hepatomas, ( t he  human hepa toce l l u la r  carcinomas, 
HUH-7 and PLC/PRF, the  human hepatoblastoma, Hep 62, and the r a t  hepatoma, 
MHlC ) had 280 kDa receptors  w i t h  a h igher  a f f i n i t y  f o r  TGF-p (Kd=100 pM). 
The Aep 62 l i n e  had 15-20 f o l d  as much TGF-p b ind ing as the hepatocytes, 
due t o  the presence o f  more than 70,000 h igh  a f f i n i t y  280 kDa receptors  per  
c e l l .  
ces o f  d i f f e r e n t  arrays o f  TGF-6 receptors i n  d i f f e r e n t  c e l l s  are no t  c lea r .  

Whitson, B r ian  I .  Carr, Thomas J. Fie lder ,  Wee L ing Wong and 

assays, we 
receptors of normal r a t  hepatocytes t o  those o f  

receptors have been i d e n t i f i e d  on the surface o f  f r e s h l y  i s o l a t e d  r a t  

Hepatocytes are a l so  unusual i n  t h a t  the b ind ing a f f i n i t y  o f  

receptors, w i t h  d i f f e r e n t  combina- 
Each o f  t he  hepatoma 

Several o f  

r a t  hepatoma l i n e s  der ived from Mor r i s  and Reubers 

Hep 62 a l so  has a 110 kDa TGF-p receptor. The b i o l o g i c a l  consequen- 

c 263 EXPRESSION OF THE DROSOPHIIA EGF RECEPTOR HOMOLOG, Ronald Wides, Naomi Zak, Eyal 
Schejter, Erez Raz, and Ben-Zion Shilo, Dept. of Virology, The Weizmann Institute 
of Science, Rehovot 76100,Israel. 

The Drosouhila EGF receptor (DER) gene is homologous to both the human EGF receptor and the 
- neu gene. The primary amino acid sequence shows that it is 170 amino acids larger than 
these two proteins, due to the presence of a third cysteine rich domain. Antibodies were 
raised against the C-terminal portion of the DER protein. These antibodies recognized a 
protein of the expected size (190 KD) produced by Cos cells and DrosoDhila tissue culture 
cells transfected with DER cDNA constructs. 

The structure of the cDNA clones indicates the use of two sets of 5' exons. Each of 
the two splicing alternatives is driven by its own promoter. Gene fusion constructs con- 
sisting of each of the two DER promoters and the CAT structural gene were used to assay 
promoter activity. Both promoters were active when injected into ProsOD hila embryos and 
when transfected into DrosoDhila tissue culture cells. The promoter activities were com- 
parable to each other in both assay systems. In order to quantitate the utilization of each 
exon in vivo. RNAse protection experiments were performed. Comparable levels of expression 
of the two alternatives were found at all stages of fly development. 

Since the two DER alternatives are used throughout development, it is not clear 
whether each has a specific role. It is possible, however, that the N-terminal differences 
specify differences in ligand recognition hy the two alternative proteins. We are using the 
structural information on DER in conjunction with genetic techniques to study the role of 
DER during development. 
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c264 EXPRESSION OF IIUMAN NERVE GROWTH FACTOR RECEPTOR (hNGFR) IN MOCK CELLS FROM 
TRANSFECTED cONA. A.PATZAK, H.CHAO and E.RODRICUEZ-DSULAN. Dept.of Cell Biology 
and Anatomy, Cornell University Medical College, New York, NY, 10021 

The nucleotide sequence of the cDNA encoding the hNGFR has been detcrmlned and transfection 
of a full-length cDNA in mouse fibroblasts resulted i n  stable expression of NGFR, 
recognized by monoclonal antibodies and binding of  1251-NCF (Johnson et al, 1986. Cell 47,  
545). We transfected HDCK cel Is with hNGFR cDNA and isolated different clones expresslng 
the protein by a red blood cell rosetting assay. Northern blots revealed the presence of 
hNGFR mRNA in the transfected colIs. Imunoprecipitation o f  (35S)-cystein labelled extracts 
detected a 65 k0 protein in transfected but not in normal HOCK cells. lmmunofluorescence on 
monolayers of the transfected cells grown on filters detected hNtfR in the apical a$ well 
as in the basal membrane. The same kind of experlments are currently under pr'ogress on MDCK 
cells transfected with truncated hVCFR cDNA. lmmunolabelling on ultrathin and semithln 
frozen sections o f  nonolayers transfected with hNGFR cONA with a rronoclonal antibody 
detected o n l y  a slightly polarized expressiori, up to twice higher in the apical than in the 
basal membrane. The receptor Is totally extractable with Trlton X-100. Experiments are 
currently under progress t o  investigate the pathways followed by hNCFR t o  the cell surface 
as well a s  its posslble role In transcytosis of.NGF. 
Supported by NIH gran:s GH-34107 and NS-21072. 

Modulation of Growth Factor Gene Expression 
c 400 CONSTITUTIVE OVER-EXPRESSION OF A NOVEL GROWTH-REGULATED GENE IN TRANSFORMED 

CHINESE HAMSTER AND HUMAN CELLS, Anthony Anisowicz, Lee Bardwell. and Ruth Sager, 
Dana-Farber Cancer Institute, Boston, MA 02115. 

Subtractive hybridization was used to isolate a gene expressed at moderately high levels in 
a tumorigenic Chinese hamster embryo fibroblast cell line (CHEF116) and at very low levels 
in a closely related non-tumorigenic cell line (CHEF118). 
and showed close homology to human connective tissue activating peptide I11 (CTAP 111). 
The human tumor cell cDNA hybridizing to the CHEF gene was isolated, sequenced, and found 
to have closer similarity to the CHEF gene than to CTAP 111. 
not to be the homologs of CTAP 111, but a closely related. novel gene, which was named 
gro. 
CHEF/18 and undetectable in confluent cells indicating a tight regulation by growth status 
in normal cells. 
superinduction of message. Nuclear run-on assays indicate that the steady state levels 
in CHEF116 and CHEF118 can be accounted for by differences in transcriptional rate. 
Incubation of CHEF/16 cells in the presence of actinomycin D indicate that the message is 
quite stable (th 18 hours). 
of growth by serum of serum starved CHEF118 cells. The message appeared 30 minutes after 
growth reinitiation, peaked at 1 hour, and was down to basal levels at 2 hours. Thus the 
gro gene is growth regulated and might play an important role in cellular growth control. 
Studies of the regulation of gro expression in human cells will be presented. 

The cloned cDNA was sequenced 

Thus the cloned genes seem 

Steady state levels of the gro message were found to be higher in rapidly growing 

Cycloheximide pretreatment of CHEF and human cells showed a 

The expression of gro mRNA was determined during reinitiation 

c 401 RElXFWSSIcN OF IGF-I1 mTAL 7lW\xRIPIs IN IKIbRP: PRIWiRY LIIFX "S, 
Elisabetta CARIANJ, Chantal I S F R R E ,  Danielle SlWRIN, Bernard H M E L I N ,  Franpis 

p P N Y  , Dminique FRAPJCO , Christian l?RDXYT , INSFRM U 75. ON Nccker, PARIS, 

Insulin-like gnmth factor I1 (IGF-11) is a plypcptick mitqen which is thought to be 
involved in fetal gmJth. An enhanced IGF-I1 expression, as well as deletions of the short 
arm of chranosane 11, where IGF-I1 gene is located, were evidenced in dryonic t m r s  
such as Wilms' t m r .  Sincc rearrangerents at the same lcvcl were also observed in 
hepatoblastam and a few hepatocellular c a r c i m s ,  a similar tmrigenic mechanism can be 
hptksized in prinary liver cancer. Thus, we analyzed IGF-I1 transcription in 35 p r i 2  
liver cancers (PIC) and 12 tcnign liver t m r s  (ALT). For 32/35 PIC ard 11/12 IiLT one or 
m r e  adjacent n o n - t m m s  areas w e r e  examined. A quantitative analysis made by slot-blot 
on 20ug of total RNA all& to detect a marked increase of IGF -11 mRNA in 8 PIE 
(including adjacent cirrhotic tissue fran 3 samples) and in no BLT as cunpared to n o m l  
adult liver. E'urther study by Northern blot on total or p l y  (A) + RW of 15 PIC and 10 
BJ,T shwed two kinds of transcripts: the first, an unique band of 5.3%, in normal liver, 
3/15 PIC and 8/10 BLT: the second, three bands of 6,s and 2kb, was &tected in fetal liver, 
in 12/15 PIC and 2/10 BJ.T. This study indicates that: 1) an elevation of IGF-I1 mRNA can 
be sham in approximately 25% of primary liver cancers; 2) IGF-I1 overexpression is 
associated to a fetal pattern of transcripts, which is consistent with a reactivation of 
fetal IGF-I1 p m t e r ,  pss ih ly  due to tunomus cells' dedifferentiation; 3) the 
ret3xpression and/or increase of IGF-11 fetal transcripts is mainly observed in malignant 
hepatocytes and in some ptentially "pretmrous" states 
adenanas). 

Hbpital Lmise Michel, Evry, FRk'rlcE. 

(such as cirrhosis and sane 
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c 402 IDENTIFICATION AND PARTIAL CHARACTERIZATION OF AN EGF-INDUCED GENE 
EXPRESSED LATE IN THE CELL CYCLE. Maureen T. Cronin and Carol L. MacLeod, Univ. 

of Calif., San Diego, Cancer Center, Department of Medicine, La Jolla, CA 92093. 
When cells expressing the E G F  receptor are exposed to EGF, biochemical and physiological responses m e  
observed within minutes after ligand-receptor binding. These changes are rapidly reversed with removal of 
EGF. Mitosis will not occur in EGF-responsive cells without continuous exposure for about 8 hours. Studies 
to identify genes expressed during these early cellular events have identified abundant transcripts regulated 
early in the E G F  response, but prior to commitment to mitosis. Using subtractive hybridization enriched 
cDNA probes obtained from cloned A431 epidermoid carcinoma cells a late responding, EGF-regulated gene 
has been identified. The gene is maximally expressed after about 12 hours of continuous EGF exposure nt n 
time when the cells are irreversibly committed to mitosis. Five low abundance transcripts ranging in size from 
4.7 to 1.1 k B  in  length are detected by Northern blot analysis of cytoplasmic or total RNA prepared from 
tumor cells and from normal fibroblasts. Southern blot analysis indicates that the gene is present as a single 
copy and is rearranged in the A431 clonal cell lines and solid tumors grown from these cell lines in athymic 
mice. Partial sequencing of the cDNA clone has shown no similarity with any known gene. 

c 403 

2 .  B i b e r f e l d t ,  B. Beaver*, F. rony-Staa l * ,  and R.C. Gd l l o *  *Laboratory s f  Tumor C e l l  
B io logy ,  N C I  lvIH , Bethesda, MD, US. 
ho ln ,  Sweden 

TQe long  te rm c u l t u r e  
was made poss ib le  by us ing  cond i t i oned  media (CM) from HTLV-IICD4 
which con ta in  novel  growth promot ing f a c t o r  ab le  t o  s u s t h i n  KS c e l l  growth.  CM and/or 
c e l l u l a r  e x t r a c t s  f rom KS c e l l  l i n e s  possess a v a r i e t y  o f  yrowth promot ing e n d o t h e l i a l  
and f i b r o b l a s t  c e l l s ,  KS c e l l  l i n e s  themselves, hematopo ie t i c  c e l l s ,  I L - 1 - l i k e  a c t i v i t y ,  
aca neoangiogenic a c t i v i t y  demonstrated by i n  v i t r o  and i n  v i v o  assays. 
t e r i z e  these a c t i v i t i e s  we s tud ies  the  gene express ion  o f  these c e l l  l i n e s  f o r  a iiumber 
o f  growth and r e g u l a t o r y  molecules.  
nuc leo t i de  probes o r  f u l l - l e n g t h  probes we showed KS c e l l s  t o  express abundant l e v e l s  
o f  mRNA f o r  bas i c  f i b r o b l a s t  growth f a c t o r  (bFGF), i n te r l euk in -1B  ( I L - l B ) ,  and in te rmed ia te  
l e v e l s  of mRNA f o r  a c i d i c  f i b r o b l a s t  growth f a c t o r  (aFGF), I L - 1  , Transforming Growth 
Factor-B (TGFB), Granulocyte-Monocyte Colony S t i m u l a t i o n  Fac tor  (GM-CSF) and P l a t i ; d  
Der ived Growth Fac tor  -B (PDGF-B). No de tec tab le  l e v e l s  o f  mRNA were present  f o r  TGFa, 
Tumor Necrosis Fac tor  a and B (TNFa and B ) ,  I n t e r l e u k i n - 2  ( IL -Z ) ,  Monocyte-Colony St imu la-  
t i o n  Fdc tor  (M-CSF-l), o r  Interferon-gamma (INF-gamma). A cDNA l i b r a r y  f rom a KS Kitdo- 
t h e l i a l  ce i ;  l i n e s  rt iabiea us t o  c lone and sequence the  t r a n s c r i p t s  f o r  bFGF ar.d c m f i r i w u  
i t  t o  be bFGF. We suggest t h a t  f o l l o w i n g  i n i t i a l ,  as y e t  unkrlilwn, eve t i t i s )  t h a t  leads  
t o  the ?,t?blis:imrnt o f  6 f i r s t  fozus  o f  "KS c e l l s " ,  t he  over -produc t ion  o f  one o r  a combi- 
na t i on  o f  these growth f a c t o r s  m igh t  cause o r  ma in ta in  the  KS l e s i o n  v i a  d i f f e r e n t  pathways: 
by au toc r i r i  growth s t i m u l a t i o n s  o f  KS c e l l s ,  by pa rac r ine  growth s t i m u l a t i o n  o f  normal 
endo the l i a l  and f i b r o b l a s t  c e l l s ,  and by cont inued l o c a l  a c t i v a t i o n  o f  in f lammatory  c e l l s .  

C404 

BRRAST CARCINOMA CELL LINE. J. A. Fernandez-Pol, P.D. Hamilton, D. L. 
Theodoro, V. M. Schuette and D. J. Klos, Laboratory of Molecular 
Oncology, VA Medical Center and Dept. of Medicine, St. Louis University, 
St. Louis, Mo 63106. 

We have investigated the actions of triiodothyronine (T3) and/or 
transforming growth factor B (TGFB) on epidermal growth factor (EGF) 
receptor(R) gene expression in MDA-468 human breast carcinoma cells. 
Using the cDNA clone pE7 (Merlin0 et al,Science, 224:417, 1984) as a 
hybridization probe, we have found that exposure of MDA-468 cells to T3 
and/or TGF6 results in enhancement of the accumulation of EGF-R mRNA 
induced by EGF. Two possible mechanisms could account for the observed 
increases in steady state levels of the EGF-R mRNA induced by T3 and/or 
TGFO : 1) increased transcription rate or 2 )  altered mRNA stability-i.e. 
decreased half-life. We have determined the in vitro transcription rate 
of the EGF-R gene and the half-life of the EGF-R mRNA. Our data suggest 
that the levels of EGF-R mRNA are regulated by T3 and/or TGF6 by both 
transcriptional and post-transcriptional mechanisms. The results are 
consistent with the hypothesis that the actions of T3 and/or TGFB on MDA- 
468 cell growth may be mediated , at least in part, by modulation of EGF- 
R gene expresion. 

K A P O S I ' S  SAECOMA (KS)-DERIVE0 ENDOTHELIAL CELLS EPXktS5 GLCiilh F I ILTW G i ~ E S  NITii 
ROLE I N  NEOANGIOGENESIS. B. Enso l i * ,  L. Lar;son*, S.Z. Salahucai,i~':, 5. kakamura*, 

+Department o f  Pathology, K a r o l i n s k i  I r l s t i t u t e ,  Stock- 

KS-derived c e l l  l i n e s  were developed from AIDS-KS p a t i e n t s .  
t rans formed c e l l  l i : i es ,  

To f u r t k r  charac- 

By Nor thern  b l o t  h y b r i d i z a t i o n  w i t h  an t i sense  o l i g o -  

MODULATION OF BPIDERM&L GROWTH FACTOR RECEPTOR GENE EXPRESSION BY 
TRIIOWTHYRONINE AND TRANSFORMING GROWTH FACTOR+ IN A HullAN 
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Nikki J. Holbrookfj, *Dept. of Experimental Medicine, University La Sapienza, Rome, Italy and 
§Laboratory of Molecular Genetics, National Institute of Aging, Baltimore, MD, 21224. 
IL-2 gene expression is tightly controlled and limited to antigenic stimulation of mature T 
cells. In order to study the cell specific regulation of IL-2 gene we have co-transfected the 
human IL-2 gene, including 2.0 kb of 5' flanking sequences, together with pSV2neo into mouse 
NIH-3T3 fibroblast and human Hela cells. Selected stable transformants had integrated an 
intact and not rearranged human IL-2 gene into their genome. Cytoplasmic RNA hybridizing with 
human IL-2 cDNA was observed in these transformants but not in untransfected or pSVneo- 
transfected cells. IL-2 mRNA was significantly increased by a 4 h treatment with 2 ug/ml 
cycloheximide. This IL-2 mRNA was larger (1.4 kb) than IL-2 mRNA of human T cells, although 
smaller than RNA containing unspliced intact introns. No alternative promoters or 
polyadenylation signals appeared to be used by these cells, but some intronic sequences 
appeared to be present in the mRNA. These transformants secreted low levels of bioactive 
IL-2, whose production was insensitive to TPA, Ca++ ionophores and mitogens, while 
untransfected or pSVneo-transfected cells did not. We conclude that the human IL-2 gene 
transfected into NIH-3T3 and Hela cells is expressed constitutively and might splice and/or 
process differently than endogenous gene in T cells. 

EXPRESSION OF HUMAN IL-2 GENE TRANSFECTED INTO NIH-3T3 AND HELA CELLS. Albert0 
Gulinox, Antonietta Farina*, Angela Gismondi*, Angela Santoni*, Luigi Frati* and 

c 406 Expression of two c-fms-related gene products in rat myoblasts. 
J. HAREL, S.A. LEIBOVITCH, M.P. LEIBOVITCH and M. GUILLIER. Laboratoire d'0ncogCnGse 
Mol6culaire (UA 1158 CNRS) Institut Gustave-Roussy,94802 Villejuif, France. 

Two c-fms-related transcripts, 2.0 and 3.7 Kbs long were found to accumulate during the grmh 
of tissue-cultured rat myogenic cells (Lbc( 1 subline) as in L6M1 cell-derived transformants 
(Leibovitch et al. Cancer Res. 1986,46,4097). In the present study both transcripts wer found 
to be down-regulated agter L6d1 cells stop dividing to form myotubes and to be consistently 
expressed in the various lines of profilerating myoblats examined and sligtly expressed ir. fe- 
tal or perinatal muscles. The 3.7 Kbs transcript appears to span the three domains of the pta- 
tive gene product whereas the 2.0 Kbs transcript only corresponds to the intracytoplasmic do- 
main. In cell-free translation assays the 2.0 Kbs and 3.7 Kbs RNA species were shown to code 
fo two v-fms-related antigens of 69 Kd and 116 Kd respectively. Preliminary data indicated 
that both proteins are synthesized in myoblasts and that the 116 Kd protein is the short-lived 
precursor to a 170 Kd kinase. Altogether these data plead for a role of c-fms-related gene(s) 
expression in normal or neoplastic growth of muscular stem cells. 

C 407 STUDIES ON THE ~ T G F  GENE EXPRESSION BY NORTHERN BLOT AND IN SITU HYBRIDIZATION IN 
MOUSE AND CHICKEN, Angelica Keller, Charles Auffray, Institut d'Embryologie du 
CNRS, Nogent sur Marne 94130, France, in collaboration with Bertrand Bloch, 

Facults de MQdecine, Besancon, France. 

The aim of this study is to determine which are the organs and cell 
ponsible for nerve growth factor (NGF) synthesis in the early chick embryo, where this 
neurotrophic activity has been first demonstrated. The 3 '  exon of the chicken NGF gene 
has been isolated, using a murine 
chicken sequences coding for the mature NGF, 80% of the nucleotides are identical. Both 
mouse and chicken coding sequences have t- een subcloned in a pSP64 plasmid, permetting their 
transcription into cRNA. Various types of probes and labelling methods have been used both 
for Northern blot analysis and in situ hybridization, in order to achieve the highest sen- 
-sitivity and specificity of these methods. Various brain regions and organs have been 
analysed both in mouse and chick and the presence of NGF mRNA demonstrated in both brain 

the cRNA probes represent the most sensitive method - in our hands -for in situ mRNA 
detection. 
Ref: Molecular cloning of the avianp-nerve growth factor gene: transcription in brain. 
Wion, D, Perret, D, Frechin, N, Keller, A, Behar, G, Brachet, P and Auffray, C. 
(1986) FEBS Lett. 203, 82-86 

types which are res- 

cDNA probe (Wion et al. 1986). In the murine and 

and heart. Probes includes 45-mer oligonucleotides, d ouble stranded cDNA and cRNA. Use of 

121 



Growth Factors and Their Receptors: 
Genetic Control and Rational Application 

C408 I D E N T I F I C A T I O N  OF 40s RIBOSOMAL PROTEIN 56 PHOSPHORYLATION SITES, 
Joachim K r i e g ,  J a n  H o f s t e e n g e  a n d  George Thomas, F r i e d r i c h  Miescher -  
I n s t i t u t ,  CH-4002 B a s e l ,  S w i t z e r l a n d .  

S t i m u l a t i o n  o f  q u i e s c e n t  ce l l s  t o  p r o l i f e r a t e  by growth  f a c t o r s  a n d  oncogenes  
l e a d s  t o  t h e  m u l t i p l e  p h o s p h o r y l a t i o n  o f  4 0 s  r i b o s o m a l  p r o t e i n  S6.  The phos-  
p h a t e s  a r e  a l l  i n c o r p o r a t e d  i n t o  s e r i n e  r e s i d u e s  and a p p e a r  t o  b e  added  i n  a 
s p e c i f i c  o r d e r .  I n  v i v o  t h e  a d d i t i o n  o f  f i v e  p h o s p h a t e s  seems t o  e i t h e r  t r i g -  
g e r  o r  f a c i l i t a t e  an i n c r e a s e  i n  t h e  r a t e  o f  i n i t i a t i o n  o f  p r o t e i n  s y n t h e s i s  
and t o  b e  t i g h t l y  c o u p l e d  t o  t h e  a l t e r e d  e x p r e s s i o n  o f  s p e c i f i c  m R N A s .  Under 
c o n d i t i o n s  i n  v i t r o  where  two p h o s p h a t e s  a r e  i n c o r p o r a t e d  by t h e  CAMP-depen- 
d e n t  p r o t e i n  k i n a s e ,  t h e  s i t es  o f  p h o s p h o r y l a t i o n  have  b e e n  shown t o  b e  a d j a -  
c e n t  t o  one a n o t h e r  w i t h i n  t h e  COOH-terminal r e g i o n  o f  t h e  m o l e c u l e .  I t  h a s  
been s p e c u l a t e d ,  t h a t  a l l  t h e  s i tes  o f  p h o s p h o r y l a t i o n  may b e  c l u s t e r e d  i n  
t h i s  l o c u s  o f  t h e  p r o t e i n .  We show h e r e ,  t h a t  up to  f i v e  moles  o f  p h o s p h a t e  
a r e  i n c o r p o r a t e d  i n t o  r a t  l i v e r  r i b o s o m e s  a f t e r  t r e a t m e n t  o f  a n i m a l s  w i t h  
c y c l o h e x i m i d e  and  t h a t  a l l  t h e  p h o s p h a t e s  r e s i d e  i n  a 32AA cyanogenbromide  
f r a g m e n t  a t  t h e  C - t e r m i n a l  e n d  o f  t h e  m o l e c u l e .  To i d e n t i f y  which s c r i n e s  a r e  
p h o s p h o r y l a t e d ,  w e  have  i s o l a t e d  t h i s  p h o s p h o p e p t i d e  b y  reverse p h a s e  HPLC, 
c o n v e r t e d  t h e  p h o s p h o s e r i n e s  t o  S - e t h y l c y s t e i n e s  and i d e n t i f i e d  d i r e c t l y  t h e  
f i v e  s i t e s  o f  p h o s p h o r y l a t i o n  by amino a c i d  s e q u e n c e  a n a l y s i s .  

C 409 EXPRESSION OF GROWTHFACTOR GENES AND TRANSCRIPTIONAL REGULATION OF THE C-FOS 
GENE I N  MOUSE EMBRYONIC STEM CELLS. Wiebe Kruijer, Siebe van Genesen, Alie Feyen and 

Christine Mummery. Hubrecht Laboratory, Netherlands Institute for Developmental Biology, 3584 
LT Utrecht, The Netherlands. 
We have investigated the expression of growth factor genes and examined the transcriptional 
regulation of the fos gene in  mouse embryonic stem cells. Undifferentiated P19 embryonal 
carcinoma (EC) ce l l s  express the TGFP gene as a unique mRNA, while the genes encoding the A 
and B chains of F X F ,  the insulin-like growth factor types I and I1 and basic fibroblast 
growth factor are not expressed. Differentiation of P19 EC cel ls  w i t h  retinoic acid, results 
within 24 hours i n  high levels of expression of the genes encoding the A and B chains of PDGF 
and IGF 11. Similar expression patterns were found in  other EC c e l l  lines, including F3. 
C1003, PC13 and in embryonic stem (ES) cells. In synchronized P19 EC cel ls ,  a short pulsed 
treatment w i t h  retinoic acid, early in  G1 of the cel l  cycle, results i n  the simultaneous loss 
of the transformed phenotype of EC cel ls  and commitment to express growth factor genes. The 
gene regulatory aspects of this interplay w i l l  be discussed. 
Since EC cel ls  can proliferate autonomously i n  the absence of serum growth factors, we exa- 
mined the functionaliry of signal transduction leading t o  induction of the r f o s  gene. P19 EC 
cells as well as several other EC cel l  lines are resistent to induction of the c f o s  gene 
following treatment with PMA This resistence i s  not t r iv ia l ,  as P19 EC cel ls  express phorbol 
ester receptors and induce the cmyc gene i n  response to PMCL The unresponsiveness of the fos 
gene i n  EC ce l l s  is transcriptionally regulated and correlates with the presence of a distinct 
se t  of nuclear fos enhancer binding proteins, not found in differentiated cells. 

C 410 Interleukin- 1 induces c-foe protooncogene expression i n  cultured human 
endot he1 ial cel Is, 

F.Colotta,M.G.Lampugnani,N.Polentarutti,E.Dejana,A.Mantovani,Istituto ‘Merio 
Negri’,Milano,ltaly. In the present study we have evaluated the expression of  c-fos 
protooncogene in normal human endothelial cells (HEC) by Northern blot  analysis. HEC do 
not show neither constitutive nor cycloheximide-induced expression of c-fos 
protooncogene. When HEC were treated w i t h  cytokines known to  modulate a number of 
specialized functions of these cells,we observed that,unlike interferon-y,interleukin- 1 
( I L - I )  and tumor necrosis factor CTNF) were able to  induce appreciable levels o f  c-fos 
i n  HEC. Both IL- 1 and IL- 1 induced c-fos transcripts i n  HEC. Maximal levels of c-fos 
mRNA induced by I L - l  were found af ter  I hour of treatment,with undetectable levels at  
4 and 7 hours. c-fos induction i n  HEC by IL- 1 and TNF m6y play 6 role i n  the ecquisition 
of functional properties induced in HEC by these cytokines. 
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c 411 ABERRANT ACTIVATION OF LYMPHOKINE GENES I N  MYELOIO LEUKEMIA, Kevin B. Les l i e ,  
Sabariah Schrader and John W. Schrader. 
Un ive rs i t y  o f  B r i t i s h  Columbia, Vancouver, BC, Canada and The Walter and E l i z a  
Ha l l  I n s t i t u t e ,  Melbourne, V i c t o r i a ,  Aus t ra l i a .  

The Biomedical Research Centre, 

We have documented 4 instances where aberrant a c t i v a t i o n  o f  a T -ce l l  lymphokine gene has 
occurred i n  a myeloid leukemia. In v i t r o  experiments w i t h  va r ian ts  o f  non-leukemogenic, 
pan-speci f ic  hemopoietin o r  i n te r l euk in -3  (IL-3)-dependent c e l l - l i n e s  demonstrated t h a t  
the onset o f  leukemic behavior coincided w i t h  the a c t i v a t i o n  o f  the IL-3 gene. 
aberrant product ion o f  IL-3 was probably invo lved i n  the pathogenesis o f  a second myeloid 
leukemia, WEHI-38, i n  which the IL-3 gene i s  rearranged. 
leukemia, WEHI-274, could be d i v ided  i n t o  three d i s t i n c t  classes w i t h  respect t o  
lymphokine production. 
w i t h  a 5 '  re-arrangement o f  the IL-3 gene in t roduc ing  an abnormal promotor t o  produce an 
8 kb mRNA species instead o f  the normal 1.3 kb and the gene was rearranged a t  i t s  5 '  end. 
Class 111 d i d  n o t  produce any autost imulatory  f a c t o r  and lacked IL-3 o r  GM-CSF gene 
t r a n s c r i p t s  or  rearrangements. A l l  c lones o f  WEHI-274, however, were monoclonal w i t h  
respect t o  a cornon c-myb rearrangement suggesting t h a t  a l l  clones were der ived from a 
common ancest ra l  c e l l .  
the therapeut ic  p o t e n t i a l  o f  ant ibodies and antagonists should soon be evident. 

The 

Subclones o f  a t h i r d  myeloid 

Class I demonstrated autocr ine growth behavior mediated by IL-3 

Both IL-3 and GM-CSF analogues have been synthesized chemical ly - 

C412 EXPRESSION OF GROWTH FACTORS I N  H U M A N  LEUKEMIC CELLS, M.D. M i n d e n ,  C. Yee ,  J. 
k Souza, A. Biondi. O n t a r i o  Cancer I n s t i t u t e ,  Toronto ,  O n t a r i o ,  Canada. 

R e c e n t l y  we and  o t h e r s  h a v e  r e p o r t e d  t h a t  human a c u t e  m y e l o b l a s t i c  l e u k e m i a  c e l l s  c a n  
e x p r e s s  m R N A  f o r  a v a r i e t y  of  g r o w t h  f a c t o r s  i n c l u d i n g  g r a n u l o c y t e - c o l o n y  s t i m u l a t i n g  
f a c t o r  (G-CSF), g r a n u l o c y t e - m a c r o p h a g e  (GM-CSF), I L  1 ,  m a c r o p h a g e  (M-CSF) and t u m o r  
n e c r o s i s  f a c t o r  (TNF). I n e s s e n c e  t h e  r e s u l t s  o f  t h e  s t u d i e s  h a v e  h e e n  s i m i l a r  h o w e v e r  
t h e  f r e q u e n c y  o f  s a m p l e s  e x p r e s s i n g  t h e  v a r i o u s  g e n e s  h a s  var ied .  Such v a r i a t i o n  does  n o t  
a p p e a r  t o  b e  d u e  t o  d i f f e r e n c e s  i n  t h e  a g e  o f  t h e  p a t i e n t s  or t h e  FAB c l a s s i f i c a t i o n  o f  
t h e i r  d i s e a s e .  One p o s s i b l e  d i f f e r e n c e  be tween t h e  g r o u p s  i s  t h e  way i n  which t h e  c e l l s  
a r e  handled ,  f o r  example i n  some s t u d i e s  t h e  cells  have  been c u l t u r e d  f o r  a s h o r t  p e r i o d  
o f  t i m e  b e f o r e  RNA was e x t r a c t e d .  To d e t e r m i n e  whether  t h i s  might  a f f e c t  t h e  r e s u l t s  we 
have  begun t o  s t u d y  t h e  e x p r e s s i o n  of TNF i n  AML b l a s t  c e l l s .  RNA was e x t r a c t e d  from t h e  
T - c e l l  a n d  m a c r o p h a g e  d e p l e t e d  l e u k e m i c  b l a s t  c e l l s  o f  p a t i e n t s  b e f o r e  and  a f t e r  
i n c u b a t i o n  i n  c o n d i t i o n e d  medium o b t a i n e d  f r o m  a b l a d d e r  c a r c i n o m a  c e l l  l i n e  (5637-CM) 
known t o  e x p r e s s  G-CSF, GM-CSF and  IL-1.  We f o u n d  t h a t  i n  some c a s e s  t h a t  TNF m R N A  w a s  
n e v e r  e x p r e s s e d ,  i n  o t h e r  c a s e s  TNF was e x p r e s s e d  o n l y  a f t e r  i n c u b a t i o n  w i t h  5637-CM and 
i n  o t h e r  c a s e s  TNF was e x p r e s s e d  w i t h o u t  i n c u b a t i o n  w i t h  5637-CM. 

From t h e s e  s t u d i e s  we conclude  t h a t  l e u k e m i c  b l a s t  c e l l s  can  e x p r e s s  mRNA f o r  TNF b u t  
t h a t  t h i s  e x p r e s s i o n  can  be  modulated.  The a b i l i t y  t o  m o d u l a t e  t h e  e x p r e s s i o n  of g r o w t h  
f a c t o r  g e n e s  i n  l e u k e m i c  c e l l s  may he  o f  t h e r a p e u t i c  u s e  however i t  is a l s o  n e c e s s a r y  t o  
r e c o g n i z e  t h e  a b i l i t y  o f  c e l l  h a n d l i n g  t o  m o d u l a t e  t h e  e x p r e s s i o n  o f  t h e s e  g e n e s  when 
s t u d y i n g  t h e i r  " c o n s t i t u t i v e  e x p r e s s i o n "  i n  l e u k e m i c  cel ls .  

C413 IDENTIFICATION OF HUMAN GM-CSF REGULATORY SEQUENCES. S.D. Nimer. E .  Mor i ta ,  
M.J. Mar t is ,  W. Waschman, and J.C. Gasson, D iv i s ion  o f  Hematology-Oncology, 

UCLA School o f  Medicine. Los Angeles, CA. 
Expression o f  the human granulocyte-macrophage co lony-st imulat ing f a c t o r  (GM-CSF) 

gene i s  t i g h t l y  con t ro l l ed .  To determine the  molecular events invo lved i n  the i nduc t i on  
of  the GM-CSF gene fo l l ow ing  T-ce l l  ac t i va t i on ,  we prepared and analyzed de le t i on  mutant 
const ructs  conta in ing 5 '  f l a n k i n g  sequences o f  the GM-CSF gene l i n k e d  t o  the 
chloramphenical acety l t ransferase gene. Our r e s u l t s  demonstrate a complex pa t te rn  of  
regu la t i on ,  i n v o l v i n g  both p o s i t i v e  and negative regulatory  regions. We have loca l i zed  
T -ce l l - spec i f i c  promoter a c t i v i t y  t o  a 90 bp reg ion f l ank ing  the  GM-CSF i n i t i a t i o n  s i t e  
( f rom bp -53 t o  bp +37), and using crude nuclear ex t rac ts  and DNase I f o o t p r i n t i n g  
techniques. have demonstrated p ro tec t i on  o f  sequences contained w i t h i n  t h i s  reg ion.  
Mutagenesis s tud ies are i n  progress t o  f u r t h e r  i d e n t i f y  the regu la to ry  nuc leot ides 
invo lved.  
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c415 TRANSCRIPTION OF THE C-FOS G E N E ,  Ron Prvwes, Tobe M .  F i sch  and Robert  G. Roedec. 

York, New York 10021 

agents  i nc lud ing  serum, growth i a c t o r s  and c y c l i c  AMP. 
i n  t he  promoter is  r e s p o r s i h l e  f i r  serum and epidermal growth f a c t o r  r e g u l a t i o n  of the  
gene. Gel m o b i l i t y  s h i f t  and f o o t p r i n t  a s says  have i d e n t i f i e d  a f a c t o r  (SRF) which b inds  
t o  the  c - fos  enhancer  e lement .  

W e  have p u r i f i e d  SRF from HeLa c e l l  nuc lea r  e x t r a c t s  by DNA a f f i n i t y  chromatography. 
The p u r i f i e d  p r o t e i n  had a a o l e c u l a r  weight of approximate ly  6 2 , 0 0 0  d a l t o n s  and conta ined  
the  b inding  a c t i v i t y ,  as demonstrated by t h e  r e n a t u r a t i o n  of  t h e  a c t i v i t y  from an  SDS- 
polyacrylamide g e l  s l i c e .  
nuc lea r  e x t r a c t  t h e  p u r i f i e d  f a c t o r  w a s  capable  of s p e c i f i c a l l y  s t i m u l a t i n g  t r a n s c r i p t i o n  
from an  enhancer con ta in ing  p lasmid  t empla t e .  Th i s  demonst ra tes  t h a t  SRF i s  a p o s i t i v e l y  
a c t i n g  t r a n s c r i p t i o n  f a c t o r .  

around -60 i n  t h e  c - f o s  promoter .  
s e v e r a l  adenovi rus  e a r l y  genes) and an element i n  t h e  somatos t a t in  gene thought  t o  be 
involved  i n  CAMP r e g u l a t i o n  of t h a t  gene. W e  have found,  however, t h a t  d e l e t i o n  of  t h i s  
element i n  t h e  c - f o s  gene does n o t  impai r  t he  a b i l i t y  of a t r a n s f e c t e d  c - f o s  plasmid t o  be 
t r a n s c r i p t i o n a l l y  induced by CAMP. 

Labora tory  of Biochemistry and Molecular Biology, The Rocke fe l l e r  Un ive r s i ty ,  New 

T r a n s c r i p t i o n  of t he  c - fos  proto-oncogene i s  induced r a p i d l y  by a number of mitogenic 
An enhancer l i k e  element a t  -300 

When added t o  an i n  v i t r o  t r a n s c r i p t i o n  system w i t h  Hela c e l l  

We have a l s o  found a s t r o n g  e f f e c t  bo th  i n  v i t r o  and i n  v i v o  of a sequence element 
This  element is similar t o  t h e  b ind ing  s i t e  f o r  ATF ( i n  

c 41 6 $ METHOD FOP STUDYING SINGLE CELL GROWTH FACTOR PHENOTYPES. Daniel A. Rappolee’, 
David Mark and Zena Werb. Laboratory of Radiobiology and Environmental Health, UCSF. San Francisco, CA 

A great challenge in biology is the study of obligate cellular cooperation defined in metazoans by the circuitry of growth factor 
ligands and receptors. We now report a method superior to in situ hybridization, Northern blot analysis or S1 protection 
assays for the study of short-lived. low copy number growth factor transcripts, which allows characterization of growth factor 

phenotypes in single cells. We first purify RNA by an adaptation of the CsCI/GuSCN density 
gradient centrifugation technique. Purified RNA is copied into cDNA during two cycles of reverse 
transcription (RT) primed by oligo-dT. Products of first strand synthesis are amplified in 60-90 cycles 
of polymerase chain reaction (PCR) using specific 5’- and 3’-oligonucleotides as primers. Reaction 
products are fractionated by electrophoresis in agarose and visualized by ethidium bromide staining 
(Fig. 1). Product authenticity is verified by a) size, b) restriction analysis, c) Southern blot, and d) 
sequence. Using this technique, we are elucidating pathologic and physiologic growth factor circuits 
that control macrophage growth factor phenotypes in wound healing and nerve regeneration. 
Lipopolysaccharide or acetylated low density lipoproteins stimulate macrophage synthesis of TFG-ar 
transcript. A strong signal is seen between 3 and 9 h after stimulation. This induction is seen in a 
population of fluorescence-activated cell sorter-purified, F4/80 (macrophage-specific marker) positive 
stimulated macrophages. We also found TFG-p, IL-1% PDGF-A chain and G-CSF transcripts in 
these macrophages, but not NGF or EGF transcripts. NGF transcripts were seen in 99% pure 
macrophages by Northern blot analysis or by RT-PCR analysis. When stimulated cultured or freshly 
isolated macrophages were first cell sorted by FACS, no NGF mRNA was detected. Our results 
indicate that fibroblasts synthesize NGF transcripts under macrophage control. Supported by DOE- 
OHER contract no. DE-AC03-76-SF01012. 

94143, and ‘Department of Molecular Biology, Cetus Corporation, Emeryville, CA 94608. 

c417 THE RAT OSTEOGENIC SARCOMA CELL LINE UMR 106 PRODUCES IGF-11, AN IGF B I N D I N G  
PROTEIN, BUT NOT IGF-I, Raoul P. Rooman, T. Kenney Gray, Pau l ine  K. Lund and 

Judson J. Van Wyk, Un ive r s i ty  of North Caro l ina ,  Chapel H i l l  NC 27514. 

We inves t iga t ed  the  product ion  of IGF b inding  p r o t e i n s  (IGF-BP), IGF-I, and IGF-I1 in 
t h e  r a t  os teogenic  sarcoma ce l l  l i n e  UMR 106. Serum-free DMEMIF12, supplemented wi th  
i n s u l i n ,  t r a n s f e r r i n  and selenium w a s  condi t ioned  by t h e  c e l l s  f o r  72 h r s .  After over- 

n i g h t  i ncuba t ion  of medium w i t h  lZ5I-IGF-I, peak r a d i o a c t i v i t y  e lu t ed  f r m  a n e u t r a l  
Sephadex G-50 column a t  an  apparent  molecular weight of 38k. I n  a charcoa l  a s say ,  

maximal lZ5I-IGF b inding  a c t i v i t y  w a s  de t ec t ed  in f r a c t i o n s  wi th  an  apparent  molecular 
weight of 30k. Treatment of t h e  cells  with 1nM e s t r a d i o l  r e s u l t e d  in no d e t e c t a b l e  
change in t h e  molecular  weight o r  amount of t he  sec re t ed  IGF-BP. A f t e r  ac id  ch rma tog-  
raphy of media t o  s e p a r a t e  f r e e  IGF’s from IGF-BP, no small molecular weight I G F - I  
immunoreactivity was de t ec t ab le .  Likewise,  poly(A+) RNA e x t r a c t e d  from es t rogen  t r e a t e d  
UMR 106 cells and assayed by Northern b l o t  hybr id i za t ion  conta ined  no d e t e c t a b l e  IGF-I 
mRNA. Taken t o g e t h e r ,  t h e s e  f ind ings  sugges t  t h a t  UMR 106 cells do not s e c r e t e  o r  
syn thes i ze  s i g n i f i c a n t  q u a n t i t i e s  of IGF-I. In c o n t r a s t ,  UMR 106 c e l l s  syn thes i ze  4.7,  
3.9, 2.1 and 1.2kb mRNA s p e c i e s  t h a t  hybr id i ze  wi th  a human I G F - I 1  cDNA probe. We 
conclude t h a t  UMR 106 syn thes i zes  IGF-I1 and a n  IGF-BP but  no t  IGF-I. The r o l e  of IGF-I1 
in t hese  c e l l s  is  unknown but i t  might f u n c t i o n  as  a n  a u t o c r i n e  growth f a c t o r  as 
proposed in some cases  of Wilm’s tumor and co lon  carcinomas. 
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C 418 DIFFERENTIAL EXPRESSION OF INSULIN-LIKE GROWTH FACTOR GENES IN THE RAT CENTIWL, 
NERVOUS SYSTEM, P e t e r  Rotwein, *Susan K. Burgess,  J e f f r e y  D. Milbrandt,  and 

James E. Krause, Washington Un ive r s i ty  School of Medicine, S t .  Louis,  no. 63110 and *Glaxo 
Inc. ,  Research Tr i ang le  Park,  N.C.  27709. 
I n s u l i n - l i k e  growth f a c t o r s  I and I1 (IGF-I and 11 )  are polypept ide mitogens which play 
fundamental  r o l e s  i n  mammalian growth and developmental  processes .  Recent s t u d i e s  suggest  
t h a t  both IGFs may enhance s u r v i v a l  and promote d i f f e r e n t i a t i o n  of components of t he  
v e r t e b r a t e  nervous system. To i n v e s t i g a t e  whether IGFs a r e  produced i n  the  c e n t r a l  nervous 
system (CNS) and thus.may a c t  as a u t o c r i n e  o r  pa rac r ine  growth modulators,  a s e n s i t i v e  
so lu t ion -hybr id i za t ion  assay was used t o  assess t h e  expression of each gene i n  rat b ra in  
and s p i n a l  cord.  Messenger RNAs f o r  both IGFs are syn thes i zed  throughout t h e  CNS of adu l t  
rats, but e x h i b i t  d i s t i n c t  r eg iona l  d i f f e r e n c e s  f o r  each growth f a c t o r .  IGF-I mRNA is 8- 
10 times more abundant i n  the  ce rv ica l - tho rac i c  s p i n a l  cord and i n  t h e  o l f a c t o r y  bulb than 
i n  whole b r a i n ,  and is enriched 3-fold i n  t h e  midbrain and cerebellum. IGF-I1 mRNA is 
minimally enriched i n  the  medulla-pons and cerebel lum, but is 3-5 times less abundant i n  
t h e  midbrain and corpus s t r i a t u m  than i n  t o t a l  b ra in .  During CNS development the  content  
of IGF-I and IGF-I1 mRNA i s  h ighes t  a t  embryonic day 14 and d e c l i n e s  by 3-4 f o l d  a t  b i r t h  
t o  l e v e l s  found i n  a d u l t  b ra in .  neurons and g l i a  syn thes i ze  IGF-I mRNA during 
short- term cel l  c u l t u r e ;  on ly  gl ia  produce IGF-I1 mRNA. These obse rva t ions  show t h a t  IGF- 
I and IGF-I1 are d i f f e r e n t i a l l y  expressed i n  t h e  developing and a d u l t  CNS, and suggest  
t h a t  each IGF may play a unique r o l e  as a p o t e n t i a l  a u t o c r i n e  O K  pa rac r ine  growth f a c t o r  
o r  neuromodu~ator  i n  t h e  mammalian nervous system. 

Embryonic 

c 419 TRANSFORMATION OF NIH 3T3 CELLS BY OVEREXPRESSlON OF THE HER2 GENE INDUCES CELLU- 
LAR RESISTANCE TO MACROPHAGES AND TUMOR NECROSIS FACTOR-a, Robert M. Hudziak, Gail 

D. Lewis, Thomas E. Eessalu, Bharat B. Aggarwal. Axel Ullrich and H. Michael Shepard, Cenentech. Inc., So. 
San Francisco, CA 94080. 
Functional characterization of oncogene products which induce cellular transformation has progressed 
rapidly in recent years. However, the mechanisms by which the transformed cell may escape destruction 
by host immune defenses are poorly understood. A key component of early host defense against tuinori- 
genesis is thought to be the activated macrophage. which kills sensitive target cells primarily through th? 
production of the monokine, tumor necrosis factor-a (TNF-a). In this paper we demonstrate that amplified 
expression of HERZ. which encodes a receptor-like protein ( ~ 1 8 5 ~ ~ ~ ~ )  with homology to the human epider- 
mal growth factor receptor ( H E R I ) ,  and which has recently been shown to be amplified in about 30% of 
human breast carcinomas, can induce resistance of NIH 3T3 cells to the cytotoxic effects of macrophages or 
TNF-a. Induction of resistance to TNF-a by amplified expression of ~ 1 8 5 ~ ~ ~ ~  is accompanied by alterations 
in the binding of TNF-a to its receptor. 

c 420 

soffey, Jr." and Mark R. Pittelkow#. 

DIFFERENTIAL EXPRESSION OF TYPE-2 HEPARIN-BINDING GROWTH FACTOR mRNA IN 
NORMAL AND TRANSFORMEDPUMAN CELLS. Gary D. Shipley', Mark D. Sternfeld', Robert J 

The Oregon Health Sciences University, Portland, OR 97201; 

Type-2 heparin-binding growth factor (also known as basic fibroblast growth factor and eye-derived 
growth factor- I ) ,  HBGF-2/bFGF, is a potent polypeptide mitogen for normal human cells, including dermal 
fibroblasts, proliferative keratinocytes and melanocytes. We have examined poly-A+ RNA isolated from these 
cells as well as RNA from normal human lung fibroblasts and from mammary epithelial cells for expression of 
HBGF-2/bFGF transcripts, utilizing a bovine HBGF-2/bFGF cDNA clone (Abraham et al., Science 223:545, 
1986). The results of these studies indicate that the fibroblasts, but not the epithelial cells, express mRNA coding 
for HBGF-2/bFGF. At least four separate transcripts of 7.0, 3.5, 2.2 and 1.5 kb are present in both dermal and 
lung fibroblasts. The abundance of all four of these transcripts is increased 10-15 fold within 4 hours of 
treatment of quiescent fibroblasts with fresh fetal bovine serum. Our results suggest that in skin and perhaps ir: 
mammary gland and lung, expression of HBGF-2/bFGF mRNA is cell-type specific and confined to stromal cells. 
The gene may be regulated in fibroblasts during response to injury and contribute to the proliferation of several 
cell types. HBGF-2/bFGF mRNA is expressed in some, but not all tumor cells. An astrocytoma (HTB-l4), a 
hepatoma (SK-HEP- I )  and a squamous cell carcinoma (SCC-25) express all four HBGF-2/bFGF transcripts. 
However, transcripts were not detected in two colon carcinoma cell lines (WIDR, SW620) or in a melanoma cell 
line (Ml4) under similar conditions. Thus, aberrant expression of HBGF-2/bFGF could contribute to tbc 
malignant phenotype in some, but not all, of these tumor cells. Supported by USPHS grant CA42409 (GDS) 2nd 
the Mayo Clinic/Foundation (MRP). 

Vanderbilt University, Nashville, TN 37232; #Mayo Clinic/Fnd., Rochester, MN 55905. 
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c421 POSITIVE AVrO-REGULATION OF TRANSFORMING GROWTH FACPOR-BETA 1, Ellen Van 
Obbeqhm-Schilling, Nanette S. Roche, Kathleen C. Flanders, Michael 8. Sporn, 

and Anita B. Roberts. Laboratory of Chemoprevention, National Cancer I n s t i t u t e ,  
Bethesda, M D  20892. 

Transforming Growth Factor-beta 1 (TGF-beta) regulates e i ther  t h e  growth, 
differentiation, or $unction of nearly all cell types. W e  now report t h a t  TGF-beta 
increases steady s t a t e  levels of its own message i n  many d i f f e r e n t  normal and 
transformed cells in a.@are. Accumulation of TGF-beta mRNA can be  detected within 3 
hrs of addition of the peptide to cells and enhanced message levels pers is t  a s  long as 
TGF-beta is present in the culture medium. This auto-induction is half-maximal a t  lOpM 
TGF-beta, and maximal stimulation corresponds t o  a 2-3-fold increase in t ranscr ipt  
levels. In normal rat kidney (NRK) cells, the rise in TGF-beta mRNA is accompanied by a 
parallel (approximately 3-fold) increase in secretion of TGF-beta protein into the 
p i u m  of treated cells, a s  detected by immunoprecipitation of biosynthetically-labeled 

S-TGF-beta using specific anti-TGF-beta antibodies. Treatment of NRK cells with 

significance it not yet  known, t h i s  may serve as a negative feed-back regulator of 
growth of the cells. Alternatively, in inflammation and t i s sue  repair, where TGF-beta 
funct ions t o  a c t i v a t e  f i b r o b l a s t s  t o  secrete e x t r a c e l l u l a r  matrix pro te ins ,  
auto-induction of TGF-beta in its ta rge t  cells a t  t h e  site of an injury may be an 
important mechanism to amplify and sustain t h e  response t o  t h e  peptide following its 
i n i t i a l  re lease  by p l a t e l e t s .  

either EGF or PDGF also results in an increaSe in TGF-beta mRNA; althmgh its functional 

c 422 IMMLJNOREGLILATORY EFFECTS OF DIFFERENT SIGNALS ON REGULATION OF GENES IMPLICATED IN 
T CELL PROLIFERATION, C.Vaquero,F.Paillard,G.Sterkers,G.Bismuth*,E.Gomard and J.P. 

LBvy,U152 27 rue du Fbg St Jacques 75014 PARIS,*Lab.d'Inununol.91 Bd de 1'HCpital 75013PARIS 
The regulation of genes implicated in+T cell proliferation yas studied in different human T 
cell popu1ations:preactivated PBL,CD4 T cell clones and CD8 T cell lines all maintained in 
IL-2.The different stimuli were,soluble anti-CD3,PMA,anti-CD3+PMA,anti-CDZ or specific an- 
tigen.We investigated the modulation of messengers coding for IL-2 receptor (IL-2 R) and 
immunoregulatory lymphokines (IL-2 and IFNX ) as well as those coding for T cell receptor4 
and8 chains expressed in the three cell types.Depending on the stimulus and the cell type, 
transient accumulation of IL-ZR mRNA alone or IL-ZR as well as lymphokine messengers was 
triggered.Thus,these stimuli varied in their ability to induce different steps of T cell 
activation:minimal stimulation allowed expression of IL-ZR,additional signal(s) were neces- 
sary to induce imunoregulatory 1ymphokines.Proliferation was observed,when the three mes- 
sengers were induced,and appeared to be independant of ILlP mRNA expression.Additionnally, 
proliferation was associated with coordinate down regulation of T cell CY and ,f chain mRNA. 
Finally we examine the role of IL-2 on gene regulation during CD2 mediated T cell activa- 
tion.!dhen anti-CDZ activation took place.72h after the last addition of rIL-2,IL-ZR mRNA 
expression occurred accompanied by low IFN and undetectable IL-2 mRNA expression.In con- 
trast when the cells were primed 24h with IL-2 prior activation,high level of IL-2 and IFN 
mRNA was observed.Thus exogenous IL-2,in addition to IL-2R mRNA,upregulates 11.-2 and IFNX 
mRNA.Interestingly accumulation of IFN8 mRNA 
upregulated as well, by endogeneously secreted IL-2. 

is biphasic ,rising the possibility to be 

c 423 EXPRESSION OF GROWTH FACTORS AND ONCOGENES IN NORMAL AND TUMOR DER1VF.D HUMAN 
MAMMARY EPITHELIAL CELLS, Deborah Zajchowski. Nelly Pauzie. Vimla Band, Andrew 
Wasserman, and Ruth Sager, Dana-Farber Cancer Institute, Boston, MA 02115 

In an effort to understand the etiology of human breast cancer, we are characterizing the 
growth of normal and tumorigenic human mammary epithelial cells in tissue culture. 
establishment, in our laboratory, of a culture medium which supports the growth of normal 
cell strains (derived from patient reduction mammoplasty specimens) as well as established 
tumor cell lines has facilitated studies which compare the responses of these cells to 
different growth promoting and inhibitory agents in the same medium. As an initial step in 
this investigation, we have assessed the expression of genes, whose products have been 
implicated in the control of cell proliferation, by quantitating the steady-state levels of 
their mRNA by northern blot analysis. 
proto-oncogenes Ha-ras, Ki-ras, c-myc, and c-erbB2 and of transforming growth factor B 
(TGF-B), is not significantly different in actively growing normal vs. tumor cells. On the 
contrary, the amounts of mRNA corresponding to the EGF receptor homolog, erbB and to 
transforming growth factor a (TGFa), as well as to a growth regulatory gene called gro 
(Anisowicz et al., PNAS. 1987) are reduced in the transformed cells. The significance of 
these results will be considered in view of published evidence of active EGF binding 
molecules and TGFa activity in these cells. 

The 

We have found that the expression of the 
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c 424 GM-CSF GENE REGULATION IN MURINE T CELLS. Matthias Bickel. Stephan E .  Mergenhagen. 
Sharon M. Wahl and Dov H. Pluznik, NIH, NIDR, LMI, Bethesda, MD 20892. 

The coordinated expression of granulocyte-macrophage-CSF (GM-CSF) and jnterleukin 3 (IL3) 
by activated T lymphocytes suggests common regulatory mechanisms of synthesis. However, 
cyclosporin A (CsA), an immunosuppressive drug. inhibits the production of interleukin 2 
(IL2) and IL3 but not GM-CSF. We used this drug to study the regulatory mechanisms of CSF 
production by activated murine T lymphocytes. Two T cell lines, the thymoma EL-4 and the T 
cell hybrid 2B4. were treated with CsA and mitogen. When the culture supernatants were 
assayed on IL3 (DA-1) and GM-CSF or IL3 (PT-18) dependent cell lines, IL3 activity could 
not be detected following CsA treatment, but substantial growth activity was observed on 
the PT-18 cell line. Antibodies to recombinant GM-CSF were shown to neutralize the biologi- 
cal activity retained after CsA treatment. To dissociate between differential synthesis 
and/or secretion of these two CSFs by CsA, GM-CSF gene expression was evaluated. Northern 
analysis of RNA from 2B4 cells demonstrated GM-CSF mRNA in stimulated cells regardless of 
CsA treatment. Nuclear transcription analysis showed transcriptional activity even in the 
presence of CsA as well as in unstimulated cells. These data suggest that differential 
control mechanisms exist for the regulation of IL3 and GM-CSF synthesis in spite of recent- 
ly reported common regulatory sequences in the 5' and 3 '  end of both genes. Furthermore the 
regulation of the GM-CSF gene expression clearly has a post-transcriptional component, 
which might be the key to understanding the lack of the inhibitory effect of CsA on GM-CSF 
production. 

Growth Factors-Growth Inhibitors-Cellular Interactions 
c500 

Kline 6 French Laboratories. 709 Swedeland Road, King of Prussia, PA 19406 and Dept. of 
Pathology, Uulverslcy of Wkshington, Seattle, UA 98185a 

Cond i t ioned media f rom 18 human co lon  adenocarcinoma c e l l  l i n e s  were analyzed f o r  t rans -  
fo rming  growth f a c t o r  types a lpha and be ta  (TGF-a and 0) and p l a t e l e t - d e r i v e d  growth 
f a c t o r  (PDGF) us ing  anchorage independent growth and rad io recep to r  assays. TGF-u 
( >  15 pM). TGF-13 ( >  20  pM) and PDGF ( >  15 pM) was observed i n  13. 13 and 5 c e l l  l i n e s ,  
r e s p e c t i v e l y .  Three l i t e r s  o f  cond i t i oned  medium f rom h i g h l y  tumor igen ic  (HT-29, DLD-1 
and SW-620) and non-tumorigenic (SKCOl) co lon  c e l l  l i n e s  and f rom non-neop las t ic  r a t  
k idney  (NRK-52E) and i n t e s t i n a l  (IEC-6) e p i t h e l i a l  c e l l s  were HPLC-pur i f ied and assayed 
f o r  TGF-a-like a c t i v i t y .  The h i g h l y  tumor igen ic  co lon  c e l l  l i n e s  produced 3 t o  18 - fo ld  
( s o f t  agar assay) and 9 t o  12 - fo ld  ( rad io recep to r  assay) more TGF-a-like m a t e r i a l  com- 
pared t o  t h e  non-tumorigenic co lon  c e l l s  and non-neop las t ic  r a t  e p i t h e l i a l  c e l l s .  NRK-52E 
d i d  n o t  produce d e t e c t a b l e  TGF-a a c t i v i t y .  R I A  a n a l y s i s  o f  peak f r a c t i o n s  (as 
i d e n t i f i e d  i n  t h e  EGF-radioreceptor b i n d i n g  assay) revea led  o n l y  TGF-a immunoreac t iv i t y ;  
EGF was n o t  de tec ted .  These r e s u l t s  suggest t h a t  TGF-a p lays  an impor tan t  r o l e  i n  
c o n t r o l l i n g  the  p r o l i f e r a t i o n  o f  human co lon  adenocarcinoma c e l l s  and t h a t  TGF-u 
an tagon is t s  may serve as u s e f u l  t o o l s  t o  examine the  pharmacology o f  tumor c e l l  growth.  

GROWTH FACTOR PRODUCTION BY HUMAN COLON ADENOCARCINOHA CELL LINES, M.A. Anzano, 
D. Riebnr W. Prichett, D. Bowen-Pope and R. Greig, Dept. of Cell Biology, Smith 

c501 CHARACTERIZATION OF GROW'lll FACTORS PRES04T I N  BUMAN BONE MATRIX, David J. Baylink, 
Subburaman Yohan Thomas A Linkhart & J o h n  C Jennin s De ts of Wed, Biochem, 
Physiol, & Peds, L&ua Linda bniv & Petiis VA Boip, Loma tihda, %A 91351. 

Recent studies suggest that bone derived growth factors are important in the local 
regulation of bone volume. 'le have recently purified and characterized human skeletal 
growth factor (SGF) a low molecular wei ht poly eptide growth factor from human bone 
matrix. The rationdle for the present study was tfe finding of mitogen activity in human 
bone extracts not ascribable to SGF Matrix proteins were extracted from human bone 
either by deminsrslization with 106 EDTA (EDTA extract), or with 101 EDTA + 4M Guan. ECi 
inhibitors (6-EDTA extract). EDTA and 6-EDTA extracts were desalted and assayed as follows: 
SGF was determined by an RRA using 1*sI-SGF bindin to embryonic chick calvarial cells in 
monolayer culture and urified SGF as standard. rabbit 

an R h  using 
414-eOF binding to NRK cells TGF- was determined b' EGF dependent NRK corony formation 
in agar culture using pnrifiedhuman &F-p (from Anita ioberts, NIH) 8 s  standard. PDGF was 
estimated by determinin the mitogenic activity of the 6-EDTA extract with and without PDGF 
inhibitory antibodies. &F was assayed by RIA. The results are given below: 

IGF-% was determined by an RIA usiu 
01 clonal antiserum prom NIB and human synthetic IGF-I EGF was determined b 

Growth Factors are: SGF b-TGF IGF-I PDGF FGF EGP 
ng/fig 6-EDTA protein 1.05+0.15 0.38+0.12 0.07+0.009 0.055+0.01 detectable undetectable 
pg/g  bone powder 136 0.T6 O.OH5 0.667 

Our results indicate that human bone matrix contains (a) in addition to SGF, TGF-p, IGF-I, 
PDGP and FGF but not EGF, and (b) mucb more SGF and TGF-p than IGF-I and PDGF. Based on 
these findings and our previous work showing that these growth factors stimulate bone cell 
proliferation we speculate that local bone formation is regulated through the coordinated 
actions of s&eral growth factors. 
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C 502 THE GLIOBLASTOMA CELL DERIVED T CELL SUPPRESSOR FACTOR (G-TSF) IS A MEMBER OF THE 
TRANSFORMING GROWTH FACTORH FAMILY. S. Bodmer. C.  S i e p l ,  K. F r e i ,  R. d e n a r t i n ,  

B. Haendler, E. Hofer and A. Fontana. Sect ion o f  C l i n i c a l  Immunology, Un ive r s i ty  
Hosp i t a l ,  Haeldeliweg 4, CH-8044 Zurich,  and P r e c l i n i c a l  Research, Sandoz AG, CH-4002, 
Basel ,  Switzer land.  
TsF) by human gl ioblastoma c e l l s  i n  v i t r o  (J. Immun. 132, 1837-1844, 1984 and 134, 1003- 
1009, 1985). 
hydroxy lapa t i t e  and Pro-RPC, c a t i o n  exchange chromatography on Mono-S and a f i n a l  reversed 
phase FPLC on Pro-RPC. The f a c t o r  was i d e n t i f i e d  as a p r o t e i n  with a molecular weight of 
12.5 kd. 
homology t o  human t ransforming growth f a c t o r B w i t h i n  t h e  f i r s t  20 amino a c i d s  (EMBO J. 6, 
1633-1636, 1987). A s  observed wi th  t h e  semipurif ied G-TsF i n  1984, t h e  p u r i f i e d  f a c t o r  a s  
we l l  as t ransforming growth f a c t o r 5 w a s  found t o  i n h i b i t  t h e  growth promoting e f f e c t  of 
inter leukin-2 (11-2) when t e s t i n g  on an 11-2 dependent ovalbumin s p e c i f i c  mouse T-helper 
c e l l  l i n e ,  as we l l  as t h e  concanaval in  A induced thymocyte p r o l i f e r a t i o n .  We a l s o  r epor t  
t h e  c lon ing  o f  t h e  complementary DNA f o r  human G-TsF, which r e v e a l s  t h a t  G-TsF sha res  7 1 %  
amino a c i d  homology t o  t ransforming growth f a c t o r 5  . 
f a c t o r  6, G-TsF appa ren t ly  is synthesized a s  t h e  carboxy-terminal end o f  a precursor  
polypept ide which undergoes p r o t e o l y t i c  c leavage t o  y i e l d  t h e  112 amino-acid-long mature 
form of G-TsF. I f  r e l eased  by gl ioblastoma c e l l s  i n  vivo, t h e  f a c t o r  may c o n t r i b u t e  t o  
impaired immunosurveillance and t o  t h e  c e l l u l a r  immunodeficiency s t a t e  observed i n  
p a t i e n t s .  

We previously r epor t ed  t h e  r e l e a s e  of a T c e l l  suppressor  f a c t o r  (G- 

We now have p u r i f i e d  t h i s  p r o t e i n  t o  homogeneity by chromatography on 

Amino-terminal sequence a n a l y s i s  by gas  phase sequencing demonstrated a 55% 

I n  analogy t o  t ransforming growth 

Supported by t h e  Swiss National Foundation (3.930-0.87) 

c 503 GROWTH FACTOR EXPRESSION I N  NORMAL, BENIGN AND MALIGNANT BREAST TISSUE, R.Charles 
Coombes (1 ,2 ) ,  Trevor J.Powles ( 2 ) ,  Maureen T.Travers (1).  Yunus A.Luqmani ( l ) ,  

P e t e r  J .Barret t -Lee (1).  and Uta Berger (1).  (1) Ludwig I n s t i t u t e  f o r  Cancer Research, 
S t  George's Hosp i t a l  Medical School,  Cranmer Te r race ,  London, SW17 ORE (2)  Royal Marsden 
Hosp i t a l ,  Downs Road, Su t ton ,  Surrey SM2 5PT, U.K. 

The l e v e l s  of messenger RNA (mRNA) f o r  s e v e r a l  growth f a c t o r s ,  known t o  be synthesised by 
b r e a s t  cancer  c e l l s  i n  v i t r o ,  were examined i n  51 malignant and 19 non-malignant human 
b reas t  b iops i e s .  Transforming growth factor-6 (TGF-8) mRNA w a s  more abundant i n  b r e a s t  
cancers  compared t o  non-malignant b r e a s t  t i s s u e  (p=<0.05). T r a n s c r i p t s  f o r  both 
transforming growth factor-a  (TGF-a) and i t s  recep to r ,  epidermal growth f a c t o r  receptor  
(EGFR) were found more o f t e n  i n  oestrogen r ecep to r  (ER) negat ive than  ER p o s i t i v e  carcinomas 
(~40.05 and p=<O.OOl r e s p e c t i v e l y ) .  In su l in - l ike  growth f ac to r - I1  (IGF-11) mRNA was 
present  i n  a l l  non-malignant t i s s u e  but  was  found a t  much lower l e v e l s  i n  only 52% of 
carcinomas (p=<O.OOl). EGFR was a l s o  found i n  a l l  non-malignant b r e a s t  t i s s u e s ,  compared t o  
42% of carcinomas. P l a t e l e t -de r ived  growth f a c t o r  (PDGF) A and B chain t r a n s c r i p t s  
co-existed i n  a l l  normal and benign t i s s u e  and t h e  ma jo r i ty  of carcinomas. This  d i f f e r i n g  
p a t t e r n  of growth f a c t o r  expression i n  malignant compared t o  benign and normal b r e a s t  t i s s u e  
suggests  t h a t  some growth f a c t o r s ,  p a r t i c u l a r l y  TGF-a and TGF-6 may have an important r o l e  
In  t h e  c o n t r o l  of growth of human b r e a s t  cance r s ,  p a r t i c u l a r l y  those t h a t  a r e  hormone 
independent. 

C 504 INTERLEUKIN-I INHIBITS AND GRANULOCYTE MACROPHAGE COLONY 
STIMULATING FACTOR STIMULATES PROLIFERATION OF HUMAN OSTEOGENIC 
SARCOMA CELLS, Shouka t  Dedhar  a n d  Paula Galloway, Cance r  Control Agency 
of B . C . ,  600 West 10th Avenue,  Vancouver ,  B . C . ,  V5Z 4E6. 

Utilizing an  assay containing se rum-f ree  def ined medium we h a v e  found  t h a t  cell 
proliferation of MG-63 human osteosarcoma cells was stimulated b y  recombinant granulo-  
cyte-macrophage colony stimulating f ac to r  (GM-CSF)and platelet  de r ived  g rowth  f ac to r  
(PDGF) b u t  was inhibited b y  recombinant inter leukin 1 p  (IL-1p) in a dose  dependen t  
manner .  In c o n t r a s t ,  t h e  cell proliferation of different ia ted osteoblast- l ike va r i an t s  
(MG-63.3A) (Dedhar  g &I, J. Cell. Biol. ,  1987, in p r e s s )  was not  a l tered b y  GM-CSF or 
IL- lp ,  b u t  was st imulated by PDGF a n d  estradiol .  In addi t ion,  t h e  MG-63 osteosarcoma 
cells secrete a PDGF-like f ac to r  which is no t  produced b y  t h e  more different ia ted 
MG-63.3A osteoblasts .  T h e  conditioned medium of t h e s e  l a t t e r  cells however  inhibi ts  t h e  
cell proliferation of t h e  MG-63 osteosarcoma cel ls .  T h e  inhibit ion of cell proliferation of 
MG-63 osteosarcoma cells b y  IL-1p was associated with morphological changes  a n d  
increased expression of t h e  cell s u r f a c e  r ecep to r  f o r  f ibronect in .  Fu r the rmore ,  MG-63 
cells pre-exposed to IL-1p a n d  TGF-p, f o r  5 h o u r s  became insensi t ive to growth 
stimulation b y  GM-CSF a n d  PDGF. T h e  negat ive effect  of I L - l p  on PDGF g rowth  
stimulation was associated with t h e  down-regulation of PDGF recep to r s .  T h e s e  da t a  
indicate  t h a t  normal a n d  neoplastic cells of t h e  osteoblast  cell l ineage syn thes i ze  and  
r e spond  to  d i f f e ren t  g rowth  f ac to r s ,  which include hematopoietic g rowth  f ac to r s  a n d  
s teroid hormones.  
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C 505 MULTIPLE TRANSCRIPTS FROM THE POTENTIAL ONCOGENE a - 2  WHICH ENCODES A 
PROTEIN WITH HOMOLOGY TO FIBROBLAST GROWTH FACTOR, Clive Dickson, Rosalind 
Smith, David Wilkinson, Andrew McMahon and Gordon Peters, Imperial Cancer Research 
Fund Laboratories, London, England. 

- Int-2 is a common proviral integration locus in tumors induced by the  mouse mammary tumor virus. 
Proviral insertions a r e  found adjacent to the G - 2  gene and correlate with i ts  transcriptional 
activation. Int-2 RNA has not been detected in normal adult  mouse tissues, but  expression has  been 
localised to-& mesoderm and parietal  endoderm of mouse embryos at 7.5 days of gestation. 
Transcription of int-2 can be induced in embryonal carcinoma cells following t reatment  with retinoic 
acid and dibutyrylcAMP. The pattern of transcription is complex but reflects the situation seen in 
mouse mammary tumors. Predominantly four RNA species of 2.9, 2.7, 1.8 and 1.6kb a re  observed. 
Ribonuclease protection experiments indicate tha t  t h e  RNAs a r e  initiated at multiple si tes spanning a 
200bp region from the domains of two distinct promoters. Two alternative polyadenylation sites 
contribute to, and can explain, the remaining complexity of transcription. However, despite these 
variations in structure, all the  species of RNA encode the  same protein product with a calculated 
molecular mass of 27,000 daltons. The predicted primary structure of int-2 shows significant homology 
to  the  family of growth factorsloncogenes typified by basic fibroblast growth factor. 

c 506 UNTRANSFORMED CELLS INHIBIT THE FOCUS FORMATION OF RADIATION AND 
ONCOGENE TRANSFORMED C3H/IOT 1/2 CELLS. V. Drozdoff, L. Zeitz and E. Fleissner, 

Sloan-Kettering Institute, New York, NY 10021. 
W e  have previously shown that  t he  consti tutive expression of on exogenous c-myc gene introduced into 
C3H/IOT 112 cells both increases the sensitivity of the cells to growth stimulation by peptide growth 
factors and increases the susceptibility of the cells to  malignant transformation by ionizing radiation. 
Radiation directly induces tronsformation in C3H-myc cells, in contrast  to the parent IOT 1/2 cells in 
which an additional event is required during proliferation of irradiated cultures. The growth of 
transformed clones arising in irradiated dishes of C3H-myc cells appeared, however, t o  be inhibited by 
the presence of untransformed cells. Reconstruction experiments utilizing mixed cultures of 
untransformed IOT 112 cells and radiation-transformed C3H-myc cells were performed t o  analyze the  
nature of this inhibition. The G418 resistance of the C3H-myc cells allowed the growth of transformed 
C3H-myc clones in these cultures to  be determined by drug selection upon replating. These studies 
indicated that  the growth r a t e  of transformed cells during the proliferation of the mixed cultures was 
unaffected but that  the normal cells strongly suppressed the ability of the transformed cells to form 
foci in the dishes. The extent of this suppression was sharply reduced by prior irradiation of the normal 
cells seeded into the dish. These results indicate that  growth inhibition of transformed cells may be 
induced by intercellular contact with normal cells, possibly by factors produced in those cells, and that 
the mcdulotion of t he  transformed phenotype may critically affect  the interpretation of in vitro 
transformation assays. 

C 507 POSITIVE AND NEGATIVE REGULATORS OF PRIMITIVE HUMAN HEMOPOIETIC PROGENITORS, 
Al len C. Eaves, Johanne D. Cashman, Dagmar K. Kalousek and Connie J. Eaves, Te r ry  
Fox Laboratory,  B.C. Cancer Research Centre ,  Vancouver, B . C . ,  Canada, V5Z 1L3. 

Neop las t i c  p rogen i to r s  obtained from most p a t i e n t s  with CML and AML d e c l i n e  over  t ime i n  
long term c u l t u r e  (LTC), an approach being used to  purge leukemic c e l l s  f o r  autologous 
marrow t r a n s p l a n t a t i o n .  Since these  c e l l s  a r e  a c t i v e l y  cyc l ing  when taken d i r e c t l y  from 
p a t i e n t s ,  whereas t h e i r  p r imi t ive  normal coun te rpa r t s  a r e  i n  G o ,  we have begun s t u d i e s  of 
t h e  r o l e  of t h e  LTC adherent  l aye r  i n  r egu la t ing  progeni tor  cyc l ing  t o  determine whether 
a l t e r a t i o n s  i n  c e l l - c e l l  i n t e r a c t i o n s  exp la in  these  va r ious  d i f f e r e n c e s  i n  n e o p l a s t i c  c e l l  
behaviour.  LTC are fed by r egu la r  or mock ha l f  media changes every 7 days and c y c l i n g  of 
p rogen i to r s  examined 2 and 7 days a f t e r  feeding.  Following a r egu la r  medium change only 
p r i m i t i v e  normal p rogen i to r s  r e t u r n  t o  a quiescent  s t a t e  by day 7 ,  and then only i f  they 
a r e  loca t ed  i n  an  adherent  l a y e r  containing mesenchymal c e l l s  of marrow o r i g i n .  
c o n t r a s t ,  t h e  p r o l i f e r a t i v e  a c t i v i t y  of neop las t i c  p rogen i to r s  i s  not nega t ive ly  r egu la t ed  
by adherent  marrow c e l l s ,  even when these  a r e  der ived from normal donors.  
mechanism underlying t h i s  c o n t r o l  of normal progeni tor  p r o l i f e r a t i o n ,  we have t e s t e d  a 
v a r i e t y  of mesenchymal c e l l  a c t i v a t o r s  f o r  t h e i r  a b i l i t y  t o  in f luence  hemopoietic 
p rogen i to r  cyc l ing  i n  the LTC system. Many such molecules,  including IL-1,  which r a p i d l y  
e l i c i t s  growth f a c t o r  r e l e a s e  from LTC adherent  l a y e r  c e l l s ,  a l s o  s t i m u l a t e  p r i m i t i v e  
p rogen i to r  cyc l ing .  However, t h i s  e f f e c t  cannot be obtained by simple a d d i t i o n  of crude 
o r  pure GM-CSF p repa ra t ions  ta LTC. Another f a c t o r ,  TGF-6, acts as a nega t ive ,  but non- 
t o x i c ,  r e g u l a t o r .  
r e g u l a t i o n  and hence a v a r i e t y  of p o t e n t i a l  gene t i c  t a r g e t s  f o r  n e o p l a s t i c  change. 

I n  

To exp lo re  t h e  

These f ind ings  suggest  complex mechanisms of normal stem c e l l  
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c 508 

John J. Nestor Jr.', G i u l i a  Tarabolet t i ' ,  and Lance A. L i o t t a  . 
Chemistry, Syntex Research, Palo A l to ,  CA 94304, and 2 N C I ,  Laboratory o f  Pathology, 
Bethesda, MD 20205. 
We have demonstrated t h a t  n e u t r a l i z i n g  antibodies t o  the epidermal growth f a c t o r  (EGF) r e -  
ceptor, o r  a small syn the t i c  decapeptide analog based on the t h i r d  d i s u l f i d e  loop  o f  t rans-  
forming growth f a c t o r - a  (TGF-a), i n h i b i t  estrogen o r  EGF/TGF-a s t imulated growth o f  human 
mammary adenocarcinoma MCF-7 c e l l s .  The growth i n h i b i t o r y  e f f e c t  o f  t h i s  TGF-a peptide was 
conformation spec i f i c ,  as reduct ion o f  the d i s u l f i d e  bond completely abol ished a c t i v i t y .  
I n  probing the  mechanism whereby the TGF-a pept ide i n h i b i t e d  the EGF/TGF-a s t imulated c e l l  
growth, we found no compet i t ion by t h i s  pept ide f o r  b ind ing of iod inated EGF o r  TGF-a t o  
c e l l  surface receptors .  However, the rad io - i od ina ted  TGF-a pept ide bound t o  a c e l l  surface 
component t h a t  i n  t u r n  was no t  competed by EGF. The i n t e r n a l i z a t i o n  o f  t h i s  peptide and 
i t s  e f f e c t  on EGF post - receptor  b ind ing events w i l l  be discussed. 

Homology o f  t h i s  pept ide w i t h  a 10 amino ac id  sequence i n  the l am in in  61 chain l e d  us  t o  
i nves t i ga te  the  poss ib le  r o l e  o f  lamin in/ lamin in receptor  i n  EGF mediated c e l l  growth. 
Analogous 1 ami n i  n syn the t i c  decapeptide analogs 1 i kewi se i n h i b i t e d  EGF-st i mu1 ated growth 
Furthermore, ant ibodies t o  the l am in in  receptor  i n h i b i t e d  EGF-stimulated E. basal c e l l  
growth. These r e s u l t s  suggest a s p e c i f i c  c e l l  r ecep to r -ex t race l l u la r  ma t r i x  i n t e r a c t i o n  
tha t  in f luences the  c e l l u l a r  response t o  EGF. 

SYNTHETIC PEPTIDES fNHIBIT CELLULAR RES!ONSE TO EPIDERMAL GTOWTH FACTOR. 
Deborah A. Eppstein , Y. Vivienne Marsh , Br ian  B. Sfhryver , Sherry R. Newman', 

I n s t i t u t e  o f  Bio-organic 

c 509 STEROIDAL REGULATION OF EGF RECEPTOR LEVELS IN HUMAN BREAST CANCER CELL UNES 
Tania M. Ewing, Masafumi Koga and Robert L. Sutherland, Garvan Institute of Medic11 Research, St. 
Vincent's Hospital, Sydney, N.S.W. 201 0, Australia. 

Human breast cancer cells in culture secrete a number of autocrine growth factors. Steroid hormones are known 
to modulate breast cancer cell proliferation and to regulate the production of these factors. Regulation of autocrine 
pathways can occur at the receptor level. In order to understand the effects of steroid hormones on autocrine 
pathways we have studied the effects of some steroids on EGF receptor levels in breast cancer ,:ell lines. 
In cell lines expressing high levels of progesterone receptor (PR) e.g. T 47D, progestins increase the 
concentration of EGF receptor greater than 2-fold, as measured by Scatchard analysis. Specificity studies with a 
series of progestins indicated this was a PR-mediated response. Interestingly, in cell line:, lacking PR, similar 
increases in EGF receptor levels were observed following incubation with glucocorticoids. The sensitivity and 
magnitude of this response in five cell lines was highly correlated with the level of glucocorticoid receptor (GR). 
Furthermore, in these GR+ but PR- cell lines the increase in EGF receptor was due to ligancs acting via the GR 
while specific progestins like ORG 2058 were ineffective. In all cases the increase in EGF rxeptor binding was 
due to an increase in the number of high affinity binding sites without a change in affinity. Those differences were 
apparent when EGF binding was assayed at both 4 and 37C indicating that the effect was not due to steroid-induced 
changes in receptor internalization andlor degradation. 
This up-regulation of EGF-R could be due to direct effecis of the steroid on EGF receptor synthesis and degradation, 
and/or indirect effects on the production of autocrine growth factors like a- and b-TGF which are known to have 
effects on EGF receptor synthesis. It appears that the gene(s) controlling EGF receptor levels in these breast 
cancer cells contain the hormone response element that binds both PR and GR since the major factor determining 
the steroid specificity of the increase in EGF receptor levels appears to be the steroid receptor environment. 

C 510 1251 EGF BINDING ON HUMAN BREAST ADENOCARCINOMA CELL LINES. EFFECT 
OF 1.25(OH)2VIT.D3, N.  F a l e t t e ,  L. Frappar t ,  M.F. Lefebvre,  D. Poujol and 5. Saez ,  

C e n t r e  Leon Berard,  69373 Lyon cedex 08, FRANCE. 
Epidermal Growth  F a c t o r  (EGF) binding sites have  been  investigated in 2 human breas t  cancer  
ce l l  lines : MCF.7 and BT.20 which a r e  sex s te ro id  responsive and non responsive respectively.  
Both contain specific r y v p t o r s  fy 1.25(OH)2Vit.D3 and a r e  growth inhibited by this steroid 
a t  low concent ra t ion  (10- M t o  10- M). 
MCF.7 cells contain EGF receptors.  Sca tchard  a n  1 sis of t h e  bi@@ d a t a  obtained on whole 
cells reygals one single c lass  of s i tes  (1.5 to 2x10 /cell)  binding- I EGF with a high affinity 
(2 .2~10 '  M f 0.77). Trea tment  of t h e  ce l l s  in cu l ture  with 10 'M I.25(OH)2Vit.D3 for  up to 
8 days does not modify e i ther  t h e  number of s i t e s  or t h e  Kd. 
BT.20 ce l l s  conta in  a very high number of EGF binding sites : 5.5 t o  8x105 s i t e s / t y r .  Sca tchard  
analysis of t h e  d a t a  obtained on whole cells shows t w o  classes of sites binding I EGF with 
a low (Kd = 1.5 nM) and a high affinity (Kd = 0.3 nM). The high a f f in i ty  receptors  represent  
about 1 /3  of t h e  t o t a l  number. 
T r e a t m e n t  of B 0 ce l l s  with 1.25(OH)2Vit.D3 at IO-'M produced a 2 to 3 fold increase of 
both classes of "l EGF binding sites. This increase  is progressive a f t e r  24 up t o  7 hr of t r e a t -  
rnent.When t h e  exper iments  a r e  q e r f o r m e d  on membrane  subcellular f rac t ions ,  '*I EGF binds 
to one class of s i tes  (Kd = 4x10- M) and t h e  1.25(OH)ZVit.D3 induced increase  of sites I S  similar 
to tha t  observed on whole cells. 
These d a t a  suggest t h a t  t h e  EGF receptors  a r e  modulated by 1.25(OH)2Vit.D3 in BT.20 ce l l s  
bu t  not in the  sex steroid responsive MCF.7 line. 

e y  
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c 511 INHIBITION OF A431 CELL GROWTH BY BTGF AND EGF. A. Goldenberg, J. Castagnola, M. 

University of California, San Diego Cancer Center, Son Diego, CA. 
8 TGF is known to  inhibit the proliferation of a number of epithelial cell lines. W e  hav examined the 

(EGFR) per cell, and is strongly inhibited by nonomolar concentrations of EGF. After four days of 
exposure to  20 pM B TGF, A431 cell growth was inhibited by 2 5 4 5 % .  Exposure of cells to 20 pM B TGF 
in the presence of 0.5 or 5.0 n M  EGF produced greater inhibition of proliferation than exposure to  either 
growth factor alone, measured by cell count and thymidine incorporation (TI). Growth was arrested in 
GO/CI phase. W e  also studied the effect of 5 TGF and EGF on TI in three A43 I cloned variant cell lines 
designated AIS, A l  N, A51, which have growth that  is stimulated, not affected,  and inhibited by EGF, 
iespectively. Simultaneous exposure of the Al N or A51 variants to 100 pM BTGF and 10 nM EGF 
inhibited TI to  a greater  extent than exposure to  either factor alone. Although BTGF inhibited the AIS 
cells by no more than 18%, it completely reversed the stimulatory effect  of EGF on this variant. 
Scatchard analysis showed that  A431 cells grown in the presence of 20 pM B TGF for 2 ,  4 or 7 days 
expressed the same number of EGFR per cell os control cells, with no change in the KD for EGF. B TGF 
did not a l ter  the capacity of EGF to  act ivate  autophosphorylation of the EGFR on tyrosine residues. 
These results suggest that  exposure to B TGF produced on inhibitory effect  on A43 I proliferation which 
was independent of the effect  of EGF, could reverse EGF-induced stimulation, and could augment 
EGF-induced inhibition of growth. 

Cronin, C. MacLeod, and J. Mendelsohn. Memorial Sloan-Kettering Cancer Center, NY, NY and 

effect  of BTGF on the proliferotion of the A431 squamous cell  line, which has 1-2 x 10 % EGF receptors 

C 512 PRODUCTION OF TRANSFORMING GROWTH FACTORS ALPHA AND BETA BY ORAL SQUAMOUS CELL 
CARCINOMAS AND HUMAN KERATINOCYTES. Martin R .  Green’ and Maxine Partridge2. 
’Unilever Research, C o l w o r t h  Laboratory,  Sharnbrook, Bedford, U.K. MK44 l L Q ,  

*Charin9 C r o s s  Sunley Research Centre ,  London W 6  8LW. 
carcinomas (SCC) ,  human s k i n  and cu l tu red  ke ra t inocy te s ,  for the  expression of EGF, 
TGF-alpha and TGF-beta. Using northern b l o t  a n a l y s i s  the 5.0Kh preproEGF w a s  absent  f r o m  
a l l  samples though a v a r i e t y  of other bands were seen,  the s i g n i f i c a n c e  of which i s  unc lea r .  
However 4.5% TGF-alpha t r a n s c r i p t s  were found i n  varying l e v e l s  i n  a l l  1 0  tumours examined 
and, u s ing  R I A  w e  a lso de tec t ed  TGF-alpha p r o t e i n  i n  9 o u t  of 1 0  tumour e x t r a c t s  (0.55 t o  
9.0nq/q w e t  w e i g h t ) .  TGF-alpha t r a n s c r i p t s  were also de tec t ed  i n  ke ra t inocy te s  b u t  no t  
i n  sk in  samples w h i l e  TGF-alpha p r o t e i n  was detected high passage (P9) (bu t  no t  l o w  passage) 
c u l t u r e d  ke ra t inocy te s  (0.32 ng/ lO’cel ls) ,  condi t ioned media from h igh  (P9) and l o w  passage 
(P3) kerat inocytes  and s k i n  (0.35 t o  1 .5  ng/gm w e t  weight) .  A s  w e  have been made unable so 
fa r  t o  d e t e c t  t r a n s c r i p t s  for  TGF-alpha i n  s k i n  the  source of t h i s  molecule i n  t h i s  t i s s u e  
remains equivocal .  The s e c r e t i o n  of TGF-alpha by ke ra t inocy te s  (P3) w a s  g r e a t l y  enhanced 
by t h e  a d d i t i o n  of 1 0  ng/ml EGF t o  t h e  c u l t u r e  medium (1.0ng/10acells/24h t o  3.8 ng/lO’ 
c e l l s / 2 4 h ) .  In  p re l imina ry  experiments w e  have a l so  detected a h igh  l e v e l  of TGF-beta 
t r a n s c r i p t s  i n  some SCC, f e t a l  human fibroblasts and a lower l e v e l  of t ranscr ip ts  i n  
ke ra t inocy te s ,  t h e  l a t t e r  again enhanced by 10 ng/ml EGF i n  the c u l t u r e  medium. Autocrine 
and/or pa rac r ine  TGF-alpha product ion may play a role i n  SCC development. Manufacture by 
ke ra t inocy te s  of TGFs-alpha and -beta i n  response t o  e x t e r n a l  s t i m u l i  such as EGF, could 
have a s i g n i f i c a n t  role i n  r e g u l a t i n g  ke ra t inocy te  p r o l i f e r a t i o n  and maturat ion.  

We have examined o r a l  squamous c e l l  

c 513 SYNERGISTIC INTERACTION O F  ERYTHROPOIETIN, GM-CSF, AND IL-3 WITH A N  ERYTNROPOIETIN- 
RESPONSIVE CELL LINE, L.J. Gu i lbe r t ,  L .  F rancescu t t i ,  D . R .  Branch, Universi ty  o f  
A1 b e r t a ,  Edmonton, A1 b e r t a ,  Canada T6G 2H7 

We have shown t h a t  e ry th ropo ie t in  ( E p )  s t i m u l a t e s  p r o l i f e r a t i o n ,  bu t  not  d i f f e r e n t i a t i o n ,  of 
t h e  IL-3-, GM-CSF-responsive c e l l  l i n e  DA-1 (Blood 69:1782, 1987).  Growth s t imu la t ed  by Ep 
o r  GM-CSF is  suboptimal and t r a n s i e n t  (peaks a t  48h o f  c u l t u r e ) ,  whereas growth s t imu la t ed  
by IL-3 i s  sus t a ined  and s t rong .  To determine whether subpopulat ions were being s t imu la t ed ,  
DA-1 c e l l s  were cloned i n  t h e  f a c t o r s  a lone  and i n  combinations.  Clones were found only i n  
c u l t u r e s  con ta in ing  IL-3 o r  t h e  combination o f  GM-CSF and Ep. 
t r a n s i e n t  and suboptimal growth i n  a l l  c lones.  Using t h e  clone,  E5, i s o l a t e d  from Ep/GM-CSF 
c u l t u r e s  t h a t  most s t rong ly  responded t o  Ep, GM-CSF, but  no t  IL-3, synergized with Ep t o  
s u s t a i n  growth beyond 48h o f  c u l t u r e .  
with Ep o r  GM-CSF alone bu t  grew a t  log phase i n  the combination. IL-3 added a t  suboptimal 
l e v e l s  ( s t imu la t ing  growth a t  24h equal t o  maximal ED o r  GM-CSF) synergized w i t h  GM-CSF but  
not w i t h  Ep. The concentrat ion dependency o f  f a c t o r s  a c t i n g  i n  synergy a t  96h was t h e  same 
a s  a lone  a t  24h. T h u s  t h e  t h r e e  hematopoietic growth f a c t o r s  f a l l  c l ean ly  i n t o  two comple- 
mentation groups (Ep/IL-3 and GM-CSF) according t o  a b i l i t y  t o  syne rg ize ,  members of t h e s e  
groups do not  synergize by a l t e r i n g  t h e i r  apoarent  i n t e r a c t i o n  a f f i n i t i e s ,  and t h e  d i f f e r -  
ence between sus t a ined  and t r a n s i e n t  growth i s  not a func t ion  of the i n i t i a l  l eve l  of stimu- 
l a t i o n ,  bu t  presumably o f  t h e  nilmber o f  occupied r ecep to r s .  These r e s u l t s  suggest  t h a t  Ep 
and i t s  r ecep to r ,  and Gbl-CSF and i t s  r ecep to r ,  send q u a l i t a t i v e l y  d i f f e r e n t  mitagenic  
s i g n a l s  t o  DA-1 c e l l s .  

Ep and GM-CSF s t imu la t ed  

Synergy was abso lu te  a t  96h o f  c u l t u r e ;  c e l l s  died 
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c 514 RESPONSES OF CULTURED MELANOCYTES TO DEFINED GROWTH FACTORS, 

Normal melanocytes, unlike normal fibroblasts and other cell types, require specific growth 
factors in order t o  proliferate in vitro, in addition to those present in serum. The substances that  
promote melanocyte proliferation also promote their pigmentation, therefore, cell division and 
the expression of at  least some differentiated functions are  not mutually exclusive for 
melanocytes. As of now, the only known natural growth factor for normal human melanocytes is 
basic fibroblast growth factor  (bFGF). However, bFGF is an effective mitogen only in the 
presence of substances that  increase intracellular levels of CAMP, such as cholera toxin or 
isobutylmethyl xanthine. There is evidence that  a second mitogen for melanocytes, y e t  
unidentified, whose function is probably to  increase intracellular levels of CAMP, is present in 
bovine pituitary extract .  bFGF is produced by keratinocytes, suggesting a paracrine mechanism 
by which melanocytes a r e  stimulated in the skin. In addition, cells from metastat ic  melanomas 
that  grow in culture without specific additives produce bFGF, and inhibiting bFGF antibodies 
injected into melanoma cells inhibit their growth. Thus, deregulation of bFGF expression in 
melanomas may contribute to their malignant state.  Abnormal melanocytes, such a s  those 
derived from dysplastic nevi and primary melanomas, a r e  dependent on lower concentrations of 
both factors or on only one of them for proliferation, indicating that  the initial event of malignant 
transformation is not the acquisition of full independence from factors for growth in vitro. 

Ruth Halaban, Yale University, New Haven, CT 06510. 

c 515 NEONATAL RAT HEART NONMUSCLE CELLS PRODUCE FACTOR(S) CAUSING MUSCLE CELL 
HYPERTROPHY I N  CULTURE, C u r t i s  J. Henrich and Paul C. Simpson, Un ive r s i ty  of 

Ca l i fo rn ia ,  and VAMC (111C), San Francisco,  CA 94121. 
Heart muscle c e l l  (MC) hypertrophic  response t o  a v a r i e t y  of f a c t o r s  has  been s t u d i e d  i n  
c u l t u r e s  of neona ta l  rat h e a r t  MCs which con ta in  5-15% nonmuscle c e l l  (NMC) contamination. 
It is t h e r e f o r e  of i n t e r e s t  t o  i n v e s t i g a t e  t h e  e f f e c t s  of NMCs on cu l tu red  MCs. Co-cul ture  
of neonatal  r a t  h e a r t  MCs with inc reas ing  numbers of h e a r t  NMCs r evea l s  two e f f e c t s  of 
NMCs: 1) increased MC s i z e  ( a f t e r  2 days average c e l l  a r e a  up t o  30% g r e a t e r  t han  c o n t r o l  
c u l t u r e s  wi th  no added NMC) and 2 )  a t  h ighe r  NMC: MC r a t i o s  (> 0.5:1),  MCs become organized 
i n t o  beat ing masses of c e l l s .  To e l u c i d a t e  t h e  cause ( s )  of t h e s e  e f f e c t s ,  MCs were 
observed i n  t h e  presence of NMC-derived e x t r a c e l l u l a r  ma t r ix  (ECM) o r  condi t ioned medium 
from NMC maintained i n  serum-free c u l t u r e .  MC hypertrophy was determined by measuring 
su r face  a r e a  and/or  i nco rpora t ion  of r ad ioac t ive  amino a c i d s  i n t o  p r o t e i n ,  both of which 
have been shown t o  r e f l e c t  c e l l  volume. Cu l tu re  of MCs on ECM from NMC caused s l i g h t  
i nc rease  i n  s i z e  (approximately 10% over c o n t r o l ) ,  whereas a d d i t i o n  of NMC condi t ioned 
medium (50%) caused s u b s t a n t i a l l y  g r e a t e r  hypertrophy, a 30-90% inc rease  i n  MC s i z e  i n  1-3 
days, without causing beat ing.  Passage of condi t ioned medium over  heparin-Sepharose 
removed t h i s  growth-promoting a c t i v i t y ,  which subsequent ly  e l u t e d  between 0.5-1.OM N a C 1 .  
Thus, NMC produce a heparin-binding growth f a c t o r ( s )  which s t i m u l a t e s  MC hypertrophy. NMC 
may in f luence  h e a r t  MC behavior i n  t h e  fol lowing ways: 1) d i r e c t  c e l l - c e l l  i n t e r a c t i o n ,  2 )  
production of ECM component(s), 3)  product ion of s o l u b l e  heparin-binding growth 
subs t ance ( s ) .  

C 516 REGULATION OF ANTI-TUMOR CYTOLYTIC T-LYMPHOCYTE GENERATION BY 
INTERLEUKIN 4, Branka Horvat, Elizabeth Skinner and Patrick M. Flood, Yzle University 
School of Medicine, Howard Hughes Medical Institute, New Haven, CT 06510. 

The majority of epithelial cell tumors induced by ultraviolet light are strongly immunogenic when 
transplanted into normal immunocompetent syngeneic mice. These tumors can induce strong tumor 
specific cytolytic T lymphocytes (CTL) responses both in vivo and in vitro. We have used one such 
tumor 1591-RE, to investigate the role of recombinant interleukin 4 (IL-4) on the generation of 
anti-tumor CTLs. IL-4, known as a B cell stimulatory factor, has been shown to express multiple 
biological functions, including B cell, mast cell and T cell stimulation. Our results have shown that both 
recombinant and native purified IL-4 can enhance the production of 1591 specific CTLs in the primary 
mixed lymphocyte - tumor cell cultures (MLTC). The enhancing effect mediated by IL-4 in the 
generation of the anti-tumor CTLs is very similar to the stimulatory activity of the recombinant 
interleukin 2 (IL-2). Conversely, the monoclonal antibody to the IL-4, 11 B1 1 , significantly effects the 
level of anti-1591 CTL activity. This effect appeared to be different than the effect seen when anti-IL-2 
monoclonal antibody S4B6 was used to block CTL generation. In addition, differential effects of IL-4 
and anti IL-4 antibody on CTL activity were seen in the presence or absence of CD4+ cells. These 
data suggests that IL-4 can enhance the generation of anti-tumor cytolytic T lymphocytes and may 
play an important physiologic role, either directly or indirectly, in their activation. 
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C517 MURINE SPLEEN CELLS PRODUCE A MAST CELL GROWTH ENHANCING ACTIVITY 

and P.Dormer, GSF-Institut fiir Experimentelle Hamatologie, D-8000 
Miinchen 2 ,  FRG 

(MEA) DIFFERENT FROM BOTH IL-3 AND IL-4/BSF-l, L.Hiiltner, J.Moeller 

Permanent interleukin 3 (IL-3l-dependent "mucosal type" mast cell lines ha- 
ve been established from mouse bone marrow using pokeweed mitogen (PWM)- 
stimulated spleen cell conditioned medium (SCM) as a source of IL-3. In the 
presence of SCM proliferation of these cloned cell lines significantly ex- 
ceeded not only the level obtained with pure IL-3 but also the higher pla- 
teau observed with a combination of IL-3 and IL-4 suggesting the presence 
of an additional mast cell growth enhancing activity (MEA) in SCM. 3 2  D cl. 
23 cells (IL-3 responsive but unresponsive to MEA and IL-4) and monoclonal 
anti-IL-4 antibodies (derived from llBll hybridoma cells) specifically neu- 
tralizing the effects of IL-4 were the tools utilized to screen f o r  MEA-ac- 
tivity using cultures of MEA-responsive mast cells during biochemical sepa- 
ration of serum-free SCM. PWM, GM-CSF, G-CSF, CSF-l, hu IL-lac, I L - 2 ,  hu 
TGF-13, hu TNF-e could not substitute f o r  MEA in a standard proliferation 
assay. In our purification procedure (chromatography by a strongly acidic 
cation exchanger and Procion Red ligands coupled to agarose followed by 
HPLC gel filtration) MEA (apparent MW of 2 6  kD) peaks separately from both 
IL-3 and IL-4. In medium conditioned by TPA-induced EL-4 cells we readily 
detected IL-4 but not MEA activity. 

C 518 ALTERATION IN GROWTH REGULATION IN CELLS OVEREXPRESSING A MITOGEN-RESPONSIVE GENE. 
Johnson, Mark D., Housey, Gerard M., Kirschmeier, Paul T., Hsiao, W.L. Wendy, and 
Weinstein, I.B. Cancer Center, Columbia Univ., N.Y.C. 10032. 
We have recently isolated a cDNA sequence corresponding to a gene (designated TPA-S1 

o r  phorbin) whose expression is induced in C3H 10T1/2 cells treated with 12-0-tetradecanoyl- 
phorbol-13-acetate (TPA)(Johnson et al., Mol. Cell. Biol. 7:2821, 1987.). We have described 
the induction of phorbin by TPA, PDGF, EGF and serum, and the role of protein kinase C 
activation in the regulation of phorbin expression. To determine the effect of 
over-expression of phorbin on cellular phenotype, a full-length phorbin cDNA was cloned into 
a retroviral expression vector (pMV7) that contains the nee gene. This construct was then 
transfected onto psi-2 cells and viral supernatants were used to infect NIH/3T3 cells. 
Northern blot analysis of neo' clones demonstrated a significant elevation in the levels 
of phorbin RNA, especially in clones 7 and 8. Clones 7 and 8 displayed an altered pattern 
of growth when compared to neo+ control cells infected with pMV7 virus lacking the phorbin 
cDNA sequence. These clones did not grow to a uniform confluent monolayer, but instead 
formed large clumps of cells that were highly resistant to trypsinization. Clone 7 and 8 
cells also displayed anchorage-independent growth since they formed large colonies (0.5 mm) 
in 0.3% soft agar with an efficiency o f  80.90%. Addition of conditioned medium from l o g  
phase cultures of these cells to normal fibroblast cultures demonstrated a significant but 
transient alteration in cell morphology. The morphologic changes were similar to those of 
the phorbin overexpressing clones. These results indicate that overexpression of phorbin 
may play an important role in cell transformation. 

C519 THE EFFECT OF TRANSFORMING GROWTH FACTOR 61 ON EARLY HEMATOPOIETIC 
PROGENITOR CELL GROWTH. J. R. Keller G.R. Sing z,L. Ellingswortha, 

I. K. McNiece 4 ,  P.J. Quesenberry and F. W. Ruscetti 6 .  1 P. R. I. Inc., 
2 1 6  L.M.I., FCRF Frederick, MD. Collagen Corp., Palo Alto, CA., 4~sU.of 
Va.. Charlottesville, VA.Studies in our laboratory using transforming growth 
factor B1 (TGF-pl) have demonstrated that TGF-B1 is a potent inhibitor of 
interleukin-3 (IL-3)-induced murine bone marrow growth and differentiation. 
Specifically, TGF-Pl inhibits IL-3-induced multipotential colony formation 
(CFU-GEMM), but it does not effect the formation of more differentiated 
colonies such as erythropoietin (Epo)-induced colonies, CFU-E, suggesting 
that TGF-81 selectively inhibits early hematopoietic progenitors, while the 
later progenitors are insensitive. To test this hypothesis, other early 
progenitors were studied. First, Thy-1 negative (Thy-1-) hematopoietic 
progenitors were isolated from bone marrow and stimulated with IL-3 to 
generate Thy-1 positive (Thy-l+) progenitor cells. The results demonstrate 
that the Thy-l+ cells give rise to CFU-GEMM and CFU-GM when stimulated by 
IL-3 and Epo, and that TGF-61 inhibits both colony types, while monolineage 
colonies (CFU-M or CFU-G) in the same culture are unaffected. Also, TGF-Bl 
inhibits the transition of Thy-1- to Thy-l+ cells. Second, high 
proliferative potential (HPP) progentitor cells that are among the earliest 
hematopoietic progenitors measurable in vitro are also inhibited by TGF-B1. 
Thus, TGF-B1 is a selective regulator of the early events of hematopoieisis. 
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c 520 

The phenomenon of angiogenesis o r  neovascularization has been the cornerstone of 
embryonic development. Without question, the process of blood vessel formation has 
been a prerequisite for subsequent organ development. 
adult organisms also have neovascular components, e.g., 1) regeneration of tissue, 2) 
the healing of wounds, 3)  collateral blood vessel formation i n  the heart, and 4) 
vascular changes accompanying growth and repair of peridontal tissue. The most 
carefully documented neovascular reaction has been tumor-induced angiogenesis, the 
process by which a solid tumor elicits the growth of blood vessels thus assuring 
successful tumor maintenance. A substance derived from (L) ascorbic acid has been 
prepared which has been identified as an effective inhibitor of tumor-induced angio- 
genesis. A mouse in vivo model was developed to screen and identify drugs for 
inhibition of neovascularization. Subsequent studies in tumor-bearing animals 
determined the antitumor characteristics of this class of substances. The ascorbic 
acid derivatives were determined to be non-cytotoxic. Additional studies were carried 
out to evaluate the effect of the inhibitors on a normal wound healing process. 
Finally, the activity of these angiogenesis inhibitors in other disease models mediated 
by the inflammatory process were evaluated. 

TUMOR ANGIOGENESIS INHIBITORS, Gary Koppel, Russell Barton, Steve Briggs, Joseph 
Parton, Jess Bewley, Lilly Research Laboratories, Indianapolis, Indiana, 46285 

Indeed, normal processes of 

C 521 
TEINS.Pbillip D.K. Lee,David R. Powel1,Hans Bohn,Choh-Hao Li,Francis Liu,&Raymond L .  

Hintz.The Children's Hosp Kempe Research Center,Denver,CO 80218(PDKL);Baylor College of Med, 
Houston, TX 77054 (DRP) ;Behringwerke ,Marburg,FRG(HB) ;Univ California,San Francisco 94 143 (CHL) ; 
and Stanford University,Stanford,CA 94305 (FL,RLH). 
Insulin-like growth factors(1GF) I and I1 are circulating peptides which mediate the mito- 
genic actions of growth hormone. Both IGFs have ElWs of 27500, and are comprised of A.B,C L D 
regions. The IGFs are synthesized as prohormones with N-term extensions and C-term E-peptide 
regions. Two forms of human IGF-I prohormone, differing in E-peptide regions, are known as 
IGF-IA and IB. In order to determine whether IGF prohormones circulate and, if s o ,  whether 
they are bound to IGF binding proteins(BP), we conducted immunoblotting studies using antisera 
to the following human antigens: IGF-I(a1) ,IGF-IA E-peptide(aIAE1 .IGF-I1 C-peptide(a1IC) ,IGF- 
II(aII),IGF-I1 E-peptide(aIIE),and BP from HepG2 cells(aHBP) and placenta(aPBP). Serum sam- 
ples were separated by SDS-PAGE ( 5 2 0 %  gradient) and transferred to nitrocellulose. Membranes 
were blocked with BSA, labelled with antisera. and developed using the ABC system (Vector). 
Labelled bands were compared with MW standards and pure IGF in parallel lanes. A l l  of the BP 
and IGF antisera labelled bands at +30K and +200K, indicating presence of IGF/BP and IGF- 
prohormone/BP complexes. The IGF-I antisera labelled additional bands at :+_7K(aI) ,+20K(aI and 
aIAE),and 40-50K. The IGF-I1 antisera (aII,aIIC,aIIE) recognized a distinct band at +26K in 
the reduced samples, probably representing IGF-I1 prohormone. No 7K band was seen for IGF-I1 
in these studies. Our data indicate that IGF and IGF-prohormones circulate in association with 
BP and that the major MW forms of the IGFs and complexes may differ from those previously 
recognized. Our data also indicate that the BP portion of the IGF/BP complexes are antigeni- 
cally similar for the large (200K) and small (30-40K) complexes. 

PROTEIN INWINOBLOT STUDIES OF THE INSULIN-LIKE GROWTH FACTORS AND THEIR BINDING PRO- 

C522 ISOLATION OF EGF-LIKE PEPTIDES I N  RAT PROSTATES, Dean L i .  H i r o k l  Nanr i ,  M e l i s s a  
Chu and Thomas F .  Deuel. Jewish H o s p i t a l  a t  Washington U n i v e r s i t y  Med ica l  

Center,  S t .  Lou is ,  MO 63110. 
Growth f a c t o r  a c t i v i t y  was p u r i f i e d  f r o m  homogenates of  r a t  p r o s t a t e  by a c i d  e x t r a c t i o n ,  
i o n  exchange chromatography, and g e l  f i l t r a t i o n .  These p e p t i d e s  have molecu la r  we igh ts  
o f  35 kDa and 25 kDa when a p p l l e d  t o  non- reduc ing  SDS-PAGE g e l s .  
a c t i v i t y  o f  these p e p t i d e s  was s t a b l e  t o  heat  and a c i d  but was n o t  s t a b l e  t o  r e d u c t i o n .  
P r e l l m i n a r y  sequence da ta  f o r  t h e  25 kDa p r o t e i n  suggested t h a t  i t  was an EGF-l ike 
p e p t i d e .  I n c u b a t i o n  of  b o t h  p e p t l d e s  w i t h  e i t h e r  ant i -mouse EGF a n t i b o d l e s  or ant i -EGF 
r e c e p t o r  a n t i b o d l e s  b l o c k e d  t h e l r  m i t o g e n i c  a c t i v i t y  on NRK f i b r o b l a s t s .  N o r t h e r n  
a n a l y s i s  i n d i c a t e d  t h e  presence o f  EGF messenger RNA i n  t h e  p r o s t a t e  g l a n d  of r a t s .  
Whether these p o l y p e p t i d e s  f r o m  r a t  p r o s t a t e  a r e  E G F  bound t o  s p e c i f i c  b i n d i n g  p r o t e i n s  
o r  r e s u l t  f r o m  a l t e r n a t i v e  s p l i c i n g  o r  d i f f e r e n t i a l  p r o c e s s i n g  i s  n o t  c l e a r .  

The growth  promot ing  
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c 523 'I"SFDlWlX GRXE-l FACTOR-p REl3JIATION OF ACTIVA'F3R INHIBrrOR TYPE-1. 
-if R. Lurid ( I ) ,  wter A. Andreasen (1 ,2) ,  ?u&-a Riczio ( 3 ) ,  ~tancesco Blasi  

( 3 ) ,  an3 Keld LXr@ (1). (1) Finsen Laboratory, copenhagen, Denmark, ( 2 )  Institute of 
Biochemistry C, University of  copenhagen, Denmark, (3) Institute of Miczobiology, University 
of Cqerhagen, Denmark. 

?he mechanisns behina tramformirq g??mth fador-$  (TGF-p) -i.n%ced s thula t ion  of type-1 
plasmhxqen activator inhibitor (PAI-1) pmdudion in WI-38 human lung fibmblasts have been 
studied, using a full length c m  probe for PAI-1. An e a r l y  increase i n  the PAI-1 mRNA level 
is seen reaching a maximal 5 G f o l d  enhanmment after 8 hours of EF-p treatment. 
Quantitative studies of the e f f e c t  of TGF-p on PAI-1 levels i n  cell extracts and culture 
media, using rmmlonal antibodies against pAI-1, are mnsistent w i t h  the e f f e c t  on PAI-1 
mRNA. Urokindse-type and tissue-type plasminCgen activator (u-PA an3 t-PA) levels are 
decreased in the culture media of TGF-p treated cells m d t a n t l y  with the increase i n  
PAI-1 a d a t i o n .  lhese findings suggest that a primary e f f e c t  of TGF-~ is an overal l  
decreased extracellular pro teo ly t ic  activity. 'IJ2F-p has previovsly been reported t o  
s t m a t e  proctuction of f ibronect in  an3 procollagen. lhese prote ins  are potential targets, 
e i t h e r  d i r e c t  or indirect, f o r  degradation by plasmhugen ac t iva tors .  lhe mncerted act ion 
of TGF-p on these proteins an3 on PAI-1 an3 plasminogen activator levels is directed towards 
the same goal, and might constitute an important aspect in an overa l l  p ro tec t ive  e f f e c t  of. 
TGF-p on the extracellular mtrix. 

c 524 TRANSFORMING GROWIH FACTQR BETAAClNATES PHOSPHA'IlDYL.INOSlTOL METAJ3OLISM AND 
PR-IN KlNASE C IN CULTURED BRAIN AsTRocyIEs 
JaSM Markovac. Patricia L. Robertson, and Gary W. Goldstein. University of Mlchlgan Medical 
Center. Ann Arbor. MI 48109. 

Astrocytes appear to play a critical role In the maintenance of ion homeostasb in the braln. Llttle Is known 
about the regulation of astrocyte function. Transforming growth factor type beta (TGFB) appears to have 
many regulatory functions In a variety of cell types. We irmestlgated the possibility of a role for Z F B  in 
mediating astroctye function by measuring its Influence on the metabolism of phosphatidylinositol 
lipids(P1). an important pathway for cellular signal transduction. Uslng astrocyte cultures obtained from 
neonatal rats, we found that picomolar concentrations of TFGD stimulate the production of 
inosito1,phosphates from 3H inositol labeled PI lipids 103% above basal levels (30.7 f 0.4 cpm/pg protein vs 
15. If 1.7 cpm/pg protein). Because one of the products of PI turnover is the generation of dlacylglycerol. 
which. In turn. can activate protein Mnase C. we irmestlgated TGFB effects on this regulatoly enzyme. 
Astrocytic cultures exposed to TGF5 showed a redistrlbution of protein kinase C activity from the cytosollc to 
the membrane fraction. Protein kinase C in the control cultures was malnly found in the cytosol(5.5 f 0.3 
pmol/mg/min. vs 2.0 f 0.7 pmol/mg/min in the particulate). Following 45 min incubation with picomolar 
concentrations of TGF5. the enzyme activity was translocated to the membrane fraction (1.0 f 0.3 
pmol/mg/mh in the soluble vs 8.4 f 1.3 pmol/mg/min in the particulate). These results suggest that TGFB. 
working through the PI and protein kinase C second messenger system, may regulate the function of 
astrocytes In the brain. 

C525MOLECULAR CHARACTERIZATION AND PARTIAL PURIFICATION OF CSF-1 FROM 
HUMAN PLACENTAL TISSULAR EXTRACTS. M a r t i n  V . ,  L a n o t t e  M . ,  T a y o t  J . L .  

and U h l r i c h  S .  H o p i t a l  S a i n t - L o u i s ,  P a r i s ;  I n s t i t u t  M e r i e u x ,  Lyon, F r a n c e .  

CSF-1 s p e c i f i c a l l y  r e g u l a t e s  t h e  p r o l i f e r a t i o n ,  d i f f e r e n t i a t i o n ,  s u r v i v a l  
and b i o l o g i c a l  f u n c t i o n s  o f  c e l l s  of  t h e  m o n o n u c l e a r - p h a g o c y t i c  l i n e a g e .  W e  
d e m o n s t r a t e  t h a t  human p l a c e n t a l  e x t r a c t s  r e p r e s e n t  a p o t e n t  n a t u r a l  s o u r c e  
of  t h i s  h e m o p o i e t i c  r e g u l a t o r .  T i s s u e - b o u n d  r e g u l a t o r s  w e r e  s e p a r a t e d  f r o m  
t i s s u l a r  p u l p  u s i n g  a n  i n d u s t r i a l - s c a l e  e x t r a c t i o n  t h a t  y i e l d e d  l a r g e  
amounts  o f  b i o l o g i c a l  a c t i v i t i e s .  We d e s c r i b e  t h e  b i o c h e m i c a l  c h a r a c t e r i z a -  
t i o n  and  t h e  p a r t i a l  p u r i f i c a t i o n  of  CSF-1 f r o m  t h i s  s o u r c e .  T h i s  i n c l u d e s :  
DEAE-Spherodex c h r o m a t o g r a p h y ;  con-A a f f i n i t y  c h r o m a t o g r a p h y ;  DEAE-5PW a n d  
Phenyl-5PW HPLC;  e l e c t r o p h o r e t i c  s e p a r a t i o n  and  i m m u n o b l o t t i n g .  The a v e r a g e  
M . W .  e s t i m a t e d  by g e l  f i l t r a t i o n  i s  60 k d ,  and  t h e  PI i s  4 . 0  on  c h r o m a t o f o -  
c u s i n g .  T h i s  f a c t o r  s t i m u l a t e s  t h e  p r o l i f e r a t i o n  of p r e d o m i n a n t l y  m o n o c y t i c  
macrophage  c o l o n i e s  f rom b o t h  human and m u r i n e  bone  marrow c e l l s  and  is 
d e t e c t e d  by a s p e c i f i c  human CSF-1 R I A .  T h i s  a c t i v i t y  i s  r e s i s t a n t  t o  h e a t  
t r e a t m e n t  a t  6 0 0 C  f o r  30 mn b u t  d e s t r o y e d  a t  IOOOC o r  by a t w o  h o u r  i n c u b a -  
t i o n  w i t h  C . 1 M  B-ME. I t  i s  n o t e  w o r t h y  t h a t  a h i g h  m o l e c u l a r  w e i g h t  f o r m  of  
CSF-1 (70-90 k d )  h a s  been  i s o l a t e d  and i s  s u p p o s e d  t o  be  i n s e r t e d  i n t o  c e l l  
membranes.  T h i s  form c o u l d  a l s o  be p r e s e n t  i n  p l a c e n t a l  e x t r a c t s .  
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C 526 SEQUENCE-SPECIFIC PROTON MAGNETIC RESONANCE ASSIGNMENTS FOR HUMAN RECOMBINANT 
TYPE-ALPHA TRANSFORMING GROWTH FACTOR (TGF-a), Gaetano T. Montelione, t, Michael B. 

Sporn,§ and Gerhard Wagnert, +Institute of Science and Technology, Biophysics, The 
University of Michigan, Ann Arbor, MI 48109, §Laboratory of Chemoprevention, National Cancer 
Institute, NIH, Bethesda, MD 20205. 

Two-dimensional ( 2 D )  IH-NMR spectra have been obtained for human recombinant TGF-a in H20 
solution at pH 3.5, 30°C. The data collected include 2 D  two-quantum filtered correlated 
(ZQF-COSY) , relayed coherence-transfer (RELAYED-COSY) , two-quantum (ZQ-SPECTRA) , nuclear 
Overhauser effect (NOESY), and total correlation (TOCSY) spectra. Many sequence-specific 
proton resonance assignments are determined from these data. The NOESY spectra provide 
evidence for some compact three-dimensional structure. These NMR data will provide the 
basis for determining the polypeptide chain-fold of TGF-a. Temperature dependent 
measurements of ID-NMR spectra indicate that there are no major conformational changes over 
the range 28" to 68OC at pH 3.8 in 2H20. 

c 527 PARTIALLY PURIFIED EXTRACT FROM APLASTIC ANEMIA PATIENTS CONTAINS STIMULATORY 
ACTIVITY FOR MOUSE HEMATOPOIETIC PROGENITOR CELLS IN VITRO AND I N  VIVO, T. Abe, 

J. P. Fuhrer, M. D. Bregman, A. Kuramoto (*)  and M. J. Murphy, Jr., Hipple Cancer Research 
Center, Dayton, OH 45439-2092 and (*) Hiroshima University, Hiroshima, Japan. 
A partially purified urinary extract from patients with aplastic anemia induced significant 
stimulation of BDF mouse hematopoietic progenitor cells in vitro and in vivo. The urine 
was partially purikied by Sephadex G 5 0 ,  90% ethanol precipitatton and 
ConA-Sepharose column chromatography. m e n  the urinary extract was assayed in vitro for 
CFU-gm and BFU-e (in methyl cellulose), CFU-e and CFU-gm (in plasma clots), and for CFU-meg 
(in fibrin clots), signiftcant increases in colony formation of CFU-mix, CFU-gm, CFU-meg 
and BFU-e i n  both bone marrow and spleen cells were observed. The clonal results from in 
vivo assays also documented a signtficant increase in the numbers of CFU-mix, CFU-gm, 
CFU-meg and BFU-e from mouse bone marrow and spleen cells. Moreover, three consecuttve 
daily i.p. injections of partially purified extract produced a significant increase in 
white blood cells, platelets and hematocrit values in rat peripheral blood. Initlal 
results from reverse-phase HPLC purification indicate a molecular species of 41,000 
daltons. 

DEAE-cellulose, 

c528 DI- PFOLiTFEPNTVE EFFECTS OF TRANSFORMING GKNE-l F A C I V R - m  (TGEb) ON 
IfilMAN H p l A T o p o I F m C  € " m R  CELLS, LDuis M. Pelus and Oliver G. Ottmann. Sloan 
Ketterirg Institute, New York, N.Y. 10021 

T G E ~  fundions as a negative regulator of cell growth and differentiation in nunenms cell 
s y t a s  inclu3ing hemtopiesis. We employed in vitru cultures of highly enriched hematopoi- 
etic prugdtor cells to investigate the dired effects of TGFb1 and TG%2 on erythmid 
(m-E, BFU-E), grandccyte-mcrophage (ma) and multilineage ( m a )  colony forming 
cells. In the absence of exoqenous colony stimulating factors (CSF), neither 'x;Fbl nor 
n;Eb2 q r k d  prugenitor cell growth. In the presence of reccnnbinant (r) or natural CSFs, 
pi-lar mnmtrations of TGFbl  inhibited growth of CN-E, BFU-E and CN+Xml, but enhan- 
ced gowul of day 7 CFU-al. Inhibition of CN-E and BFU-E by human and porcine XFbl was 
similar, and ranged from 1758% at 50 w to 73?3% at 1 ng (4 expts). The sensitivities of 
W - E  and B ~ - E  to inhibition by EFbl were equivalent and indement of the type of burst 
p-ting activity employed (rIU vs 5637 a). Inhibition of CFUGEMM ranged from 79522% at 
0.25 ng to 98_+3% at  1 ng. The inhibitory effects of EFb1 were progressively lost when 
addition was delay& for 40-120 hrs, sugyesting an action during early cell divisions. In 
contrast, human TGFbl e n h a n d  the number of CRTm by 20+12% at 0.1 ng to 154512% at 1 ng, 
when plateau levels of ra?-CSF, rOCSF and rIL3 were used as a -stimulators. U s i n g  rG-CSF 
alone, TGFbl enhanced CFUG graJth by 23_C8% at 0.25 ng to 44526% at 5 ng (4 expts) . porcine 
platelet TGFb2 was withaut effect in all systems examined. These results support the hypot- 
hesis that TGFb plays a role in the regulation of hematopiesis by differentially affect- 
progenitor cell lineages, by direct action on the mlony forming cells. 
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c 529 MONOCLONAL ANTI EGF RECEPTOR ANTIBODIES INHIBTI THE GROWTH OF TUMOR CELLS IN NUDE 
MICE, E. Aboud-Pirak*, E. Huwitz*, F. Bellot+, J .  Schlessinger*+ and M. &la*, 

*Dept. of Chemical Immunology, The Weizmann Institute of Science, Rehovot 76100, Israel, 
+Rorer Biotechnology Research Center, Meloy Laboratories, Rockville, MD 20850, USA. 
overexpreSsi& of EGF receptor w a s  implicated in various types of hlrman camxrs, d b l y  
epidemid and squamous carcinma cell lines. Therefore, we have explored the pssibil- 
ity to utilize mxx~~lcnal antitxdies against the external region of the Ex;F receptor 
(108.4 of JqG 2a class) for their possible use for affinity therapy of tumr cells rich 
in receptors cm their surface. 

The binding of 108.4 Mab to EGF receptor on KB cells ( h m  oral epidenmid m i -  
-) w a s  analysed by cell sorter analysis and slxxal hncgeneity of receptor expression 
in at least 90% of the cells. Radioidhated 108.4 Mab, wken injected intravemxly to 
nude mice bearing x-afts of KB cells, localized specifically at the tunor mass. 

When mice were treated with the 108.4 Mab one day after tumr inxulation, retarda- 
tion of hrmr dwelopnent w a s  observed. 
slightly less efficient but still active in retarda$ion of h r  grayth, indicatirg that 
rn m e  mecham ‘sns ( k l w x h g  ’ participation of the Fc p3TtlcBI of the antibody are 
involved. 

- vivo may due to some perturbation of the factor-receptor interaction. 

The F(ab)’ fragment of the antibody was 

preliminary experiments show that the growth factor itself haeases the & 
growth of the KB cells, suggesting that the antihrmral activity of antibodies & 

C530 PURIFICATIOII OF A PDGF-LIKE GROWTE FACTOR RELEASED 
FROM M4 METASTATIC FIBROSARCOMA Vittoria Cioce, Giorgio 
Ferrari, Elisa Vicenzi, Ida Biunno* and Andreina Pcggi Istituto 
di Ricerche Farmacologiche Mario Negri and *Istituto Nazionale dei 
Tumori, Milano, Italy 

In vitro proliferation of tumor oells seems to be supported by secretion of 
autocrine growth factors We report here that cells from a chemically-induced 
murine fibrosarcoma with high metastatic ability (M4), lacking the ability to 
bind laI-PffiF. released in the conditioned medium a growth factor similar to 
PDGF Conditioned medium from M4 cells (lo9 cells) was applied to a Sulphadex 
G50 column and eluted with a gradient of increasing ionic strength The 
fractions were tested f o r  their ability to stimulate %-Thymidine 
inoorporation in NIH 3T3 cells The peak of mitogenic activity was eluted with 
0 65 M NaCl The active fraction appeared to migrate as a 30 kd protein, its 
activity was 54% inhibited by anti-PDGF IgG s (kindly provided by Prof A 
Wasteson, Linkoping, Sweden) A 3 9 kb transcript in poly (A) + RNA 
hybridizing with vSIS probe was found in M4 cells In conclusion, further 
suggesting that they produce a growth factor with chemico-physical 
characteristics similar to PDGF (Supported by Italian CNR, Progetto Oncologia, 
Contract n 86 00680 44) 

C531 PDGF PIASMA LEVELS III PATIEHTS NITE PROGRESSIVE SYSTEMIC 
SCLEROSIS A Pandolfi, M Florita”, G Altomare” and A Poggi Mario 
Negri Institute for Pharmacological Research, Milan and * Department 
of Dermatology, Milan University Medical School, Milan, Italy 

Progressive systemic sclerosis (PSS) is a connective tissue disorder 
characterized by vascular lesions, fibrosis, inflammation and diffuse 
solerosis in various areas Its etiology is not olear Vasoular lesions, due 
to deposition of immunocomplexes o r  release of cytotoxic factors, might be the 
origin of this disease As a oonsequenoe of vasoular damage, platelets of 
sclerodermic patients might be activated and release Platelet Derived Growth 
Factor (PDGF) which nould act as a mediator of the fibrotic process 
characteristic of PSS In this study we evaluated the mitogenlc activity of 
platelet poor-derived serum (PDS) in a group of solerodermio patients in 
comparison with a group of normal subjects matched for age and sex 
Measurement of 3H-thymidine inoorporation Into NIH 3T3 cells showed that PDS 
of patients, (5% vollvol) had a greater mitogenic activity than PDS of control 
subjects (4912i666 cpm, 2776t641 cpm, respectively meaniSD of 8-10 subjects. 
p< 0 05 Duncan s test) When anti-PDGF IgG (kindly provided by Professor 
Russel Ross, Seattle, USA) was used, an inibitory effect (about 42%) on the 
mitogenic activity of PDS of sclerodermic patients was observed These results 
indicate that the increased mitogenic activity observed in sclerodermlc 
patients might indeed be due to PDGF, suggesting a possible pathogenetic role 
of this peptide in PSS This work was partially supported by Italian CNR. 
Progetto Finalizzato Oncologia, Contract no 86 00680 44 
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c 532 REGULAT3RY FACTORS OF CFU-S PROLIFEiFATIO?I. Franpise Sainteny, Evelyne Lauret, 
Dominique Dumenil, Joanna Wdzieczak-Bakala, Maryse Lenfant*, Emilia Frindel - Ih'SERM 
U.250, Institut Gustave-Roussy, 94805 Villejuif - *ICSN/Ch%S, 91190 Gif s/Yvette. 

In the last few years, k'e have presented data demonstrating that, contrary to previous 
hypotheses, hemopoietic pluripotent stem cell (CFU-S) proliferation is controlled by humoral 
factors that are in equilibrium in normal situations. The entry of quiescent CFU-S into cycle 
after various treatments is under the control of excess stimulating factors which are different 
from IL3, EPO, CSF, and which are secreted by the surviving cells. The inhibition of stimulated 
CFU-S to enter DNA synthesis is obtained by a factor extracted from fetal calf bone marrow. 
Details concerning this factor will be presented in the poster of M. Guigon et al. This 
inhibitor (a tetrapeptide) is now completely characterized. The synthetic material has identical 
biological properties to the natural molecule concerning inhibition of CFU-S entry into DNA 
synthesis. The other parameters have not as yet been tested. Preliminary data suggest that this 
inhibitor may be active at the GO-G1 phase. 

c 533 KAPOSI'S SARCOMA (KS)-DERIVED ENDOTHELIAL CELLS: ROLE OF LYHPHOENDOTHELIAL CELLS 

Phillip D. Markham and Robert C. Gallo, National Cancer Institute, Bethesda, MD. 20892, 
Karolinska Institute, Stockholm, Sweden. Although no direct relationship between HIV- 
infection and the development of Kaposi's sarcoma (KS) has been established, AIDS patients 
have high incidence of KS. Previous t o  its recognition as AIDS-associated disease, KS was 
primarily found in elderly men of Eastern Europe, and Mediterranean people. 
distribution in Africa and transplantation or immunosuppressive therapy-associated disease 
has also been reported. 
indolent or aggressive course, and nodular or infiltrative lesion, important histological 
characteristics are commonly observed among them. 
consists of dividing spindle cells and endothellal cells, fibroblasts, smooth muscle cells 
and infiltrating inflammatory cells. 
formation. So far, the origin of KS cells and its pathophysiology remains unknown. In 
order t o  develop a better understanding of KS and its pathogenesis, cloned cell lines from 
KS lesion were established in cell culture. Morphological, biological, immunological and 
cyto-chemical analysis demonstrated that these cells are endothelial cells possibly of 
lymphatic orgin. These KS-derived endothelial (KS-E) cells induced neo-angiogenic 
activities on chicken chorloallantolc nembrance and also other biological activities able 
t o  stimulate and support the growth of KS-E cells and normal vascular endothelial cells 
- vitro. 
composed entirely of murine cells exhibiting morphological and histological properties 
similar to cells characteristically found in human AIDS-KS lesion. Based on these 
observation, a model for KS pathogenesis was developed proposing that following an 
initial, unknown event(s), effector or regulator cells including lymphatic endothelial 
cells (spindle cells) are able by the release of nultlple biological activlties t o  support 
andlor regulated the development of KS lesion in multifocal fashion. 

IN PATHOGENESIS OF KS, Syed Z. Salahuddin, Shuji Nakanura, Peter Biberfeld 

Geographical 

While there are clinical differencies among these KS, such as 

This histologically complex lesion 

Another feature of the lesion is a new vascular 

When inoculated into nude mice, KS-E cells induced the formation of lesions 

c534 MITOGEN INDUCIBLE GENES IN HUMAN T CELLS, Ulrich 
Siebenlistl, Peter Zipfell, Steven Irvin and Kathleen Kelly2, National Institutes of Health, LIR, NIAID Y2 and IB, NCI', 

Bethesda, Md. 20892 
In order to understand the cellular response to a growth 
promoting agent, we have identified in excess of 60 unique genes 
which are induced by mitogens in resting, primary human 
peripheral blood T cells. 
subtractive library, to enrich for induced genes and then by 
screening with subtractive probes. We have studied various 
aspects of regulation, tissue specificity and function of the 
activatable genes. Groups of genes have been defined that are 
reponsive to distinct stimuli, such as mitogenic antibodies to 
specified cell surface structures on T cells. An additional 
regulatory category of genes has been identified based upon the 
inhibition of their mitogen-caused activation in the presence of 
the immunosuppressive drug cyclosporin A. Although many of the 
genes isolated from the T cell library are inducible in human 
fibroblasts as well, a number of others are more restricted in 
their tissue specificity. We have identified several genes 
whose expression is constitutively turned on upon infection with 
HTLV I, a human retrovirus that stimulates polyclonal 
proliferation of normal T cells. We are investigating the 
effects of the tat transactivator protein on the regulation of 
expression of these mitogen-inducible genes. 

These genes were cloned by making a 
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c 535 POGF STIMULATES TYROSINE KINASE ACTIVITY OF PDGF RECEPTOR PRECURSORS WHICH 
ACCUMULATE WITH MONENSIN AND SWAINSONINE TREATMENT OF NRK FIBROBLASTS. 

Nell J .  Sllverman. Bruce E. Bejcek. Rodney S. Kawahara. and Thomas F .  Oeuel, Jeulsh 
Hospital at Washlngton Unlverslty Medlcal Center, St. Louls, MO 63110. 
NRK flbroblasts were treated wlth monensln, a carboxyllc acld lonophore that 
Interferes ulth lntracellular transport and termlnal glycosylatlon. or wlth 
sualnsonlne, an lnhlbltor of mannosldase I1 In Golgl, In order to accumulate 
Incompletely processed forms of the PDGF receptor and to test thelr ablllty to exhlblt 
PDGF-stlmulated tyroslne klnase actlvlty. Membranes were prepared from NRK 
fibroblasts which were down regulated For SI X  hours wlth 500ng/ml PDGF In DMEM and 
then treated For 18 hours wlth 1.5uM monensln or 5uM swalnsonlne. The membranes were 
phosphorylated wlth p 2 P -  ATP In the presence or absence o f  POGF. 
Immunopreclpltatlon of  solublllzed "'P-labelled membranes ulth ant\-POGF 
receptor or antlphosphotyroslne antlbodles resulted In the ldentlflcatlon of 16OkO and 
168kO receptor precursors from monensln and swalnsonlne treated cells, respectlvely, 
but the 180kD mature receptor was not Identlfied. The phosphorylatlon o f  both 
pre-receptors were markedly enhanced In the presence o f  POGF. Therefore. POGF Is  
recognlzed by pre-PDGF receptors, and stlmulates thelr lntrlnslc tyroslne klnase 
actlvlty, ralslng the posslblllty that the sls gene product can stimulate the pre-PDGF 
receptor Internally durtng processing In cells uhlch express both the PDGF receptor 
and the gene. 

C 536 INSULIN-LIKE GROWTH FACTOR-I AND SOMATOSTATIN MODULATE BOVINE GROWTH HORMONE 
RELEASING HORMONE (bGRF)-STIMULATED GROWTH HORMONE SECRETION I N  V I T R O ,  J . W .  Tanner ,  

N . H .  McArthur and T.H. Welsh, J r . ,  Texas A L M  U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  TX 77843. 
Development o f  t e c h n o l o g i e s  to  s e l e c t i v e l y  modula te  e x p r e s s i o n  of t h e  bovine  growth  hor- 
mone (GH) gene is i m p o r t a n t  i n  r e g u l a t i n g  an imal  growth  p r o c e s s e s .  Serum-free pr imary  
c u l t u r e s  o f  bovine  adenohypophysea l  c e l l s  were used t o  s t u d y  G H  s e c r e t i o n  i n  r e s p o n s e  t o  
hypotha lamic  neurohormones,  s t e r o i d a l  a n a b o l i c  a g e n t s  and growth  f a c t o r s .  The hypotha- 
l a m i c  neurohormone bGRF (10-:2 M-10-7 M) s t i m u l a t e d  (P<.05) GH s e c r e t i o n .  B a s a l  and 
bGRF-stimulated GH s e c r e t i o n  were i n c r e a s e d  14- and 4 1 - f o l d ,  r e s p e c t i v e l y ,  by IGF-I 
t r e a t m e n t  (100  ng/ml) .  The e s t r o g e n i c  s t e r o i d - l i k e  growth  promotant  z e r a n o l  M) 
i n c r e a s e d  bGRF-stimulated ( M) GH s e c r e t i o n  by 260%. I n  c o n t r a s t ,  t h e  hypotha lamic  
neurohormone s o m a t o s t a t i n  (SS, M) i n h i b i t e d  (P<.05) b o t h  b a s a l  and bGRF-stimulated GH 
s e c r e t i o n  by 37 and 34%, r e p e c t i v e l y .  F o r s k o l i n  (10-5 M ,  a n  a d e n y l  c y c l a s e  a c t i v a t o r )  
i n c r e a s e d  (P<.05) GH s e c r e t i o n  150% b u t  c o - t r e a t m e n t  w i t h  SS i n h i b i t e d  t h i s  e f f e c t  by 68%. 
S i m i l a r l y ,  (Bu)2cAMP-stimulated GH s e c r e t i o n  was reduced  61% by c o n c o m i t a n t  SS t r e a t m e n t .  
A t  M, phorbo1-12-myristate-13-acetate (PMA, a d i a c y l g l y c e r o l  m i m e t i c l p r o t e i n  k i n a s e  C 
a c t i v a t o r )  i n c r e a s e d  (P<.05) CH s e c r e t i o n  4 - f o l d .  C o - a d m i n i s t r a t i o n  o f  M SS d i d  n o t  
i n h i b i t  (P>. lO)  PMA-stimulated G H  s e c r e t i o n .  S o m a t o s t a t i n  i n h i b i t i o n  o f  t h e  t r a n s d u c t i o n  
o f  bGRF's b i o l o g i c a l  e f f e c t s  on GH s y n t h e s i s / s e c r e t i o n  a p p e a r s  t o  be v i a  t h e  a d e n y l  
cyclase-CAMP-protein k i n a s e  A r a t h e r  t h a n  t h e  p r o t e i n  k i n a s e  C r o u t e .  These d a t a  p r o v i d e  
i n s i g h t  r e g a r d i n g  mechanisms whereby growth  f a c t o r s ,  a n a b o l i c  a g e n t s  and hypotha lamic  
neurohormones modula te  bovine  GH s e c r e t i o n .  

C537AUTOCRINE INHIBITION OF DNA SYNTHESIS IN HOUSE EMBRYO FIBROBLASTS BY A 
45000 DALTON SECRETED PROTEIN, T.Nagashunmugam and G.Shanmugam, Cancer 
Biology Division, School of Biological Sciences, Madurai Kamaraj 
University, Madurai, INDIA-625 021. 

Cells synthesize and secrete a variety of growth factors and 
inhibitors into their growth medium. To learn about the nature of these 
factors, Swiss mouse embryo fibroblasts were labelled with 35s-methionine 
and the secreted proteins were analysed. The monolayers were labelled at 
different time intervels after synchronizing them with medium containing 
0.5% serum for 48 hrs followed by 16 hrs of hydroxyurea (HOU) treatment. 
Among the several secreted proteins, a polypeptide of 45000 dalton was 
barely visible in the conditioned medium of cells that synthesized DNA at 
peak levels. The quantity of 45 K protein was higher in the medium of HOU 
arrested cells and the level of this protein gradually declined as the 
cells entered into DNA synthesis. The amount of 45 K protein in the medium 
was found to be more as the cells left the S phase and entered into 02 and 
M phases. Releasing the HOU arrested cells with the 45 K protein containing 
medium inhibited DNA synthesis. The 45 K protein was purified using ion- 
exchange high pressure liquid chromatography. Purified 45 K protein was 
found to inhibit DNA synthesis in mouse embryo fibroblasts released from 
HOU arrest. 
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c538 Study on S e n s i t i v i t y  of H3-TdF Transorned C H 10T 112 CL8 C e l l  and  Vouse Asc i t e s  
Carcinoma Cells t o  Epidermal Growth Fac to r  2nd I3EcAMP. Licheng Xu, Tan-Jun Tong 
and Chang-ying Chang, Dept. Eioche.a.,Bei:ing Eiedical Lhiversity,Bei;ing,China 

Since  t h e  t y r o s i n e - s p e c i f i c  phosphorylat , ion of some p r o t e i n s  i n  c e l l  i s  c l o s e l y  a s s o c i a t e d  
wi th  c o n t r o l  of c e l l  growth and p r o l i f e r a t i o n ,  and t h e  s e n s i t i v i t y  o f  c e l l s  t o  growth 
f a c t o r s  may be a l t e r e d  when t h e  c e l l s  a r e  t rensformed,  t h e  e f f  c t s  o f  ep idermal  growth 
f a c t o r  (ECF) and  d i b u t y r y l  cPNp (DBcAWj on i n c o r p c r a t i o c  of  R -TdP i n t o  DNA of  va r ious  
mouse a s c i t e s  carcinoma c e l l s  were observed. It was f o m d  t h a t  t h e r e  are some d i f f e r e n c e s  
of  s e n s i t i v i t y  t o  growth f a c t c r s  among d i f f e r e n t  m u s e  a s c i t e s  carcinoma c e l l s .  ‘cns idcr ing  
t h i s  might be connec ted  wi th  ma l ign i ty  of  carc inomas ,  we compared s e n s i f i v i t y  of C,HlO TI/ 
2 CL8 ( a normal f i b r o b l a s t  from enbryo  of C,P nouse, des igna ted  as NC,H10 ) wi th  tHat of  
A3-TdP transformed C,RlO T1/2 CLI! (des igna ted  a s  TC,ElC)to growth f ac t ( i r s ,  and t h e  t y r c s i n e  
s p e c i f i c  F h o s p h o r y h t i o n  of c e l l u l a r  p r o t e i n s  of thCse  c e l l s  was a l s o  assayed .  ‘de found 
t h a t  t h e  s e c s i t i v i t y  yf TC 010 t o  9CF decreased  obv icus ly  i n  compariscr: w i t h  NC,ElG and t h e  
s t i m u l a t i c n  rate o f  H -TEE3incorporation o f  TC R 1 0  by SGF w a s  less t han  1/4 t k d t  of NC,RlC 
whi le  t y r o s i n e - s p e c i f i c  phosphoryla t icn  c f  p r o d i n  i n  TC E l C  inc reased  okv ious ly ,  bu t  tXat 
of  N C  I I l O  could  r a r e l y  t e  mcjasured. Vemwhile i t  was dem&stra ted  t t a t  TEcf-W w a s  a b l e  t o  
i n h i b ? t  
of E’-TdF . Our r e s u l t s  showed t h a t  r a d i a a c t i v e  car$ inogen ,  l i k e  b i o l o g i c s 1  and chemical 
ca rc incgecs ,  could  a l s o  change s e n s i t i v i t y  c f  cells t o  growth f a c t o r s  a d  induce  i r t a l a n c e  
of t y ros ine - spec i f i c  phosphor j l s t i cn  cf G r c t e k c  of t ransformed c e l l s .  Perhags  t h i s  i s  a 
g e n e r a l  way of d i f f e r e n t  carcinogec-induced t r ans fo rma t i cn .  Thereby c u r  r e s u l t s  maybe pro- 
v ide  scne t h e o r e t i c a l  b a s i s  of molecular  t i o l c g y  f o r  r a d i o a c t i v e  t u r o r i g e n e s i s  t hec ry .  

5 

i nco rpora t ion  of H’-TddP i n t o  N C  H l i ;  and TCC,HIC as w e l l  as EGF-induced inco rpora t i cn  

c 539 ISOLATION AND PARTIAL CHARACTERIZATION OF A HIGH AFFINITY HEPARIN-BINDING 
PROTEIN FROM BOVINE PITUITARY AND TESTIS , Naoto Ueno and Andrew Baird, The Salk 

lnstitutc for Biological Studies, La Jolla, California 92037. 
The major contaminants that are present in partially purified preparations of fibroblast growth 
factor (FGF) have been identified. A 26,000 dalton heparin-binding protein has been isolated from 
bovine pituitaries, and 26,000 and 20,000 dalton species from bovine tcstes by means of heparin- 
Sepharose affinity chromatography. The proteins from both tissues extracts coeluted with 
endogenous basic FGFs from the affinity columns at a NaCl concentration of 1.0-2.0 M. They were 
separable from basic FGF by either ion-exchange or reversed-phase HPLC. Gas phase amino- 
terminal amino acid sequence analysis of ther pituitary-derived heparin-binding protein (HBP) 
has been determined as: Ala-Pro-Asp-Ser-Val-Asp.-Tyr-Arg-Lys-Lys-Gly-Tyr-Val-Thr-Pro- Val- 
Lys-Asn-Gln-Gly-Gln-Xaa-Gly-Ser-Xaa-Trp-Ala-Phe-Ser-. Amino acid composition of testis-derived 
HBP was very similar to that of pituitary counterpart. Amino-terminal sequence analysis of the 
first 24 residues of the testis-derived HBP revealed an identical amino-terminal structure to 
pituitary-derived HBP. Because this sequence is very homologous to those of papain, cathepsin B. 
cathepsin H, and especially that of recently characterized cathepsin L the results emphasize the 
importance of achieving homogeneity in preparing basic FGF for biological studies. 

c 540 FUNCTION OF MARROW STROMA CELL SUBPOPUIATIONS. Hong Wang and 
Ar thur  K .  S u l l i v a n .  M c G i l l  Cancer Cen t re ,  M c G i l l  U n i v e r s i t y  and Div i s ion  of 

Hematology, Royal V i c t o r i a  H o s p i t a l ,  Mont rea l ,  CANADA H3G 1Y6. 
Matura t ion  of  b lood  cel ls  i n  t h e  bone marrow i s  c o n t r o l l e d  by a complex i n t e r a c t i o n  
of p recu r so r s  w i th  suppor t ing  cel ls  and wi th  s o l u b l e  growth f a c t o r s .  However, t he  
impor tan t  sou rces  of phys io log ic  f a c t o r  p roduc t ion  have n o t  been  c l e a r l y  i d e n t i f i e d ,  
no r  is  i t  w e l l  unders tood  what r e g u l a t e s  t h e  r e g u l a t o r s .  One mechanism has  been 
desc r ibed  (JR Z u c a l i ,  e t  a l .  Blood 69:33 ,  1987) by which macrophages can  be 
s t imu la t ed  t o  release I L - 1 ,  l e a d i n g  t o  f u r t h e r  s t i m u l a t i o n  of f i b r o b l a s t o i d  c e l l s  t o  
produce co lony  s t i m u l a t i n g  f a c t o r s  (CSF). Previous  work from t h i s  l a b o r a t o r y  has  
shown t h a t  f i b r o b l a s t o i d  cel ls  c u l t u r e d  from t h e  bone marrow of  BN rats b e a r  su r face  
an t igens  d i f f e r e n t  from f i b r o b l a s t s  grown from most o t h e r  p e r i p h e r a l  s i tes  ( e . g . ,  
l ung) .  as de termined  by a n t i b o d i e s  ST3 and ST4. The d i s t r i b u t i o n  o f  t h e  ST3 an t igen  
is s i m i l a r ,  b u t  n o t  i d e n t i c a l ,  t o  t h a t  of OX-7 (Thy 1.1). To assess t h e  r e l a t i v e  
c o n t r i b u t i o n  of  CSF p roduc t ion  by t h e  d i f f e r e n t  p o p u l a t i o n s ,  homogeneous l a y e r s  o f  
ST3+/ST4- (marrow-derived) and ST3-/ST4+ ( lung-de r ived )  cells  were expanded i n  
c u l t u r e .  P re l imina ry  r e s u l t s  i n d i c a t e  t h a t  t h e  ST3+, b u t  n o t  t h e  ST4+ f i b r o b l a s t  was 
s t imu la t ed  by macrophage cond i t ioned  medium t o  release s t i m u l a t o r y  f a c t o r s  f o r  
granulocyte/macrophage c o l o n i e s .  Th i s  sugges t s  t h a t  t h e r e  may be a d i s t i n c t ,  
an t ibody-de f ined  subpopula t ion  o f  suppor t ing  c e l l s  which can  f u n c t i o n  i n  a r egu la t ed  
manner t o  produce c e r t a i n  hemopoietic growth f a c t o r s .  
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C 541 MYOCARDIAL ACIDOSIS RELEASES BASIC FIBROBLAST GROWTH FACTOR: A POSSIBLE 
MECHANISM OF ISCHEMIA INDUCED ANGIOGENESIS. E.Y. Yang, W. Casscells, P.E. 
Karasik, F. Bazoberry, S.E. Epstein, NHLBI, Bethesda, MD 20892. 

The angiogenic growth factors, acidic and basic fibroblast growth factor (aFGF and 
bFGF), are present in normal myocardium. Using ex vivo incubation of rat myocardium 
in normal saline as a model of myocardial ischemia, we showed that basic fibroblast 
growth factor is released from myocardium following 60 minutes of incubation. 
Radioimmunoassay, using a polyclonal antisera against amino acids 1 to 24 and sensi- 
tive to 40 pg, revealed bFGF levels rose from 8 . 8 5  
2.53 pg/mg in ex vivo injured hearts (p<O.OOl). Although bFGF could be synthesized 
and released from ischemic myocardial cells, we hypothesized that pre-existing stores 
of bFGF in the extracellular matrix are made more bioavailable by myocardial acidosis. 
We therefore extracted control and ex vivo injured hearts in pH extraction buffers 
ranging from 7 . 5  to 4 . 5  to determine whether decreasing pH releases bFGF and, if so, 
what pH simulates the ischemia mediated bFGF release. With decreasing pH, myocardial 
bFGF levels in the control hearts rose significantly (p<O.Ol) towards the levels of 
the ischemia injured hearts. Below pH 6 . 5  bFGF levels in the two groups were essen- 
tially equivalent.. We conclude that myocardial acidosis can simulate ischemia/infarc- 
tion stimulated release of bFGF. Given that pH 6.5 is the lower limit of tissue pH in 
vivo during myocardial ischemia, it is probable that ischemia induced acidosis causes 
release of bFGF from extracellular matrix, which may then play a role in stimulating 
coronary collateral growth. 

0 . 3 8  pg/mg in controls to 17.40 2 

c 542 

Three BALB/c 3T3 fibroblast cell lines which were transformed by benzo(a)pyrene (BPA31), 
7,1: dimethylbenz(a)anthracene (DA31) and Kirsten sarcoma virus (KA31) were studied for the 
a?Pearance of a kinase C dependent 80kD phosphoprotein (pp80) after low serum arrest and 
S a ~ n  resZimulation. In the untransformed (A31) cells, pp80 increased 7-lox at 3 hours after 
serum o r  phorbol 12-myristate 13-acetate (PM) stimulation. In all 3 transfomred cell lines, 
pp80 was markedly reduced at the end of low serum arrest and increased only slightly after 
serum or PMA stimulation.Pp80 was immunoprecipitated by an antibody to the kinase C 
dependent 87kD phosphoprotein found in bovine brain synaptosomes (l), suggesting homology 
between these two phosphoproteins. The total amount of pp80 and unphosphorylated 80kD pro- 
tein (p80) in BPA31 cells was similar to that in A31 cells. In vitro kinase C enzyme assay 
revealed a small transient rise in activity in A31 cells 1 hourafter serum stimulation. 
The 3 transformed low serum arrested cell lines had kinase C activity equal o r  greater than 
that of low serum arrested A31 cells hut did not demonstrate a rise in kinase C activity 
1 hour after serum stimulation. PMA treatment of A31 cells did not cause a rise in cellular 
kinase C activity in vitro. The results suggest that reduced p80 phosphorylation during 
Go arrest and e x i t T s a m m o n  finding in transformed 3T3 cells and that reduced pp80 is 
due to altered in vivo activity of kinase i: for the p80 substrate or possibly accelerated 
dephosphorylation ofp80. 
P.  Greengard. (1986) Widespread occurrence of "87 kDa", a major specific substrate for 
protein kinase C. Proc. Natl. Acad. Sci. U.S.A. g:2822-2826. 

DECREASED KINASE C DEPENDENT PHOSPHORYLATION OF AN 80KD PROTEIN IN TRANSFORMED 
BALB/c 3T3 CELLS, Henry C. Yang, Harbor-UCLA Medical Center, Torrance, CA. 90509 

1. Albert, K.A., S.I. Walaas, J.K.-T. Wang, and 

c543  INHIBIN AND FSH RELEASING PROTEIN MODULATE ERYTHRODIFFERENTIATION, 
John Yu*, Li-en Shao*, Victor Lemas*, Alice L. Yu*, Joan Vaughan++, 

Jean Rivier++ and Wylie Vale++, Research Institute of Scripps Clinic*, Uni. 
of Cal. at San Diego+, and The Salk Institute for Biological Studies++, La 
Jolla, CA 92037. Inhibin, a hypophysiotropic hormone which selectively 
suppresses the secretion of pituitary follicle-stimulating hormone (FSH), 
has recently been isolated from gonadal fluids and characterized as 
heterodimeric proteins consisting of an a subunit and one of two f l  
subunits (PA or PB). FSH releasing protein (FRP) or activins were also 
purified and shown to be a dimer consisting of two inhibin P-chains. In 
the present studies, FRP and inhibin were found to modulate induction of 
hemoglobin accumulation of a human erythroleukemic cell line, K562, and 
proliferation of erythroid progenitor cells in human bone marrow culture. 
FRP was highly potent (50% effective concentrationJ30pM) in inducing K562 
to undergo differentiation and to produce twice as much hemoglobin as 
chemical inducers on a single cell basis. In the presence of eryth- 
ropoietin, FRP potentiated the colony formation of erythroid progenitors in 
a dose responsive manner. Furthermore, inhibin was functionally antagonis- 
tic to the FRP-induced hemoglobin accumulation in K562 cells and prolifera- 
tion of progenitor cells in bone marrow cultures. Thus, these proteins may 
constitute a novel humoral regulatory control for erythropoiesis involving 
two types of related protein dimers with functionally opposite effects. 

141 



Growth Factors and Their Receptors: 
Genetic Control and Rational Application 

c 544 PROLACTIN: ROLE IN T CELL PROLIFERATION, Li-yuan Yu-Lee, Departments of Medicine 

As a model system for analyzing the mitogenic effect of prolactin on T cell proliferation, 
we have been studying the rat Nb2 T lymphoma cell line which requires very low quantities 
of prolactin (pglml) for growth. One approach has been to characterize the expression of 
oncogenes (c-mpc, c-fos) and growth-related (ODC) genes after prolactin stimulation of 
quiescent NB2 T cells. Both c-myc and ODC mRNAs are induced rapidly by 2 hr, with maximum 
stimulation occurring by 4 hr. A recently-identified, prolactin-inducible heat shock 70 
homologue, Nb29, mRNA is also induced maximally between 4-6 hr. Treatment with protein 
synthesis inhibitors, cycloheximide or anisomycin, led to a super-induction of c - m y c  mRNA 
but inhibited ODC and Nb29 heat shock mRNAs. These studies show that c-myc and ODC gene 
expression, although responsive to the same hormonal stimulation, is regulated by 
different mechanisms, involving labile protein factors which may act as either activator 
(ODC) or inhibitor ( c - m y c )  on gene transcription, post-transcriptional processes and/or 
mRNA stability. Nuclear run-on transcription assays indicated that ODC gene expression 
appears to be regulated primarily at the transcriptional level while c - m y c  and Nb29 are 
regulated at both the transcriptional and post-transcriptional levels by prolactin. 
Experiments on modulating the expression of these genes are underway to obtain insights 
into the intracell signalling pathways involved in the early events following prolactin 
induction. A second approach has been to construct a cDNA library using the lambda ZAP 
system. to isolate novel lymphocyte-specific, prolactin-inducible gene sequences which may 
be important for T cell proliferation. Supported by ACS BC425 

and Cell Biology, Baylor College of Medicine, Houston, TX 77030. 

c 545 DETECTION OF MULTIPLE GLYCOSYLATED FORMS OF INTERLEUKIN-3 USING POLYCLONAL AND 
MONOCLONAL ANTIPEPTIDE ANTIBODIES. Hermann J. Ziltener, Barbara Fazekas de St. 
Groth, Kevin B. Leslie, John W. Schrader, The Biomedical Research Centre, UBC, 
Vancouver, BC, V6T 1W5 and The Walter and Eliza Hall Institute, Melbourne, 
Australia. 

T cell derived interleukin-3 with was biosynthetically labelled with [ 35S] methionine and 
affinity-purified using monoclonal or polyclonal anti-IL-3 antibodies. SDS-Page analysis 
of the purified IL-3 preparations revealed the presence of three bands with apparent Mr 
of 32000-36000, 27000-31000 and 21500-22500 respectively. Elution of gel slices as well 
as high performance gel permeation chromatography demonstrated that each of the three 
[35S] labelled species was active in the standard IL-3 bioassay. 
in the presence of tunicamycin revealed only one band, comigrating on SDS-PAGE with 
synthetic IL-3 at an apparent Mr of 16000, thus indicating that the heterogeneity of Mr 
forms is due to different patterns of N-linked glycosylation. IL-3 derived from the 
myeloid leukemia WEHI-3B was also affinity-purified and part of it labelled with 1251. 
Autoradiography after SDS-PAGE showed a significantly different Mr pattern with a broad 
band between Mr 29000 and 45000 and a major peak around Mr 35000. Elution of bioactivity 
from gel slices of a parallel track containing unlabelled IL-3 confirmed this Mr 
distribution. 
using the above techniques. 
of the T cell derived material. 

Biosynthetic labelling 

IL-3 produced by transient expression in Cos 7 cells was also analysed 
The Mr pattern of this IL-3 was found to be similar to that 

Biological Action of Growth Factors on Cells, Tissues and Organs 
C600 XPRESSION OF HIGH AFFINITY INTERLEUKIN 2 RECEPTORS ON HUMAN T-CELL ACUTE LYHPHO- 

klASTIC LEUKEMIAS OF I W T U R E  PHENOTYPE. Miche le  A l louche,  V a s s i l i s  Georgoul ias,  
C r i s t i n a  V a r e l a - M i l l o t  and Claude Jasmin. I.N.S.E.R.M. U268, HBp i ta l  Paul Brousse, B.P. 200, 
94800 V i l l e j u i f ,  France. 

We have s tud ied  f r e s h  leukemic c e l l s  f rom two p a t i e n t s  w i t h  T -ce l l  acu te  lympho- 
b l a s t i c  leukemia (T-4LL) o f  an ' m a t u r e  phenotype (C07+, CD1-,  CDZ-, CD3-, C04-, CD8-). 
Leukemic c e l l s  cou ld  be inducea t o  express 40-97 % i n t e r l e u k i n  2 recep to rs  ( I L  2-R), as 
shown by i n d i r e c t  immunofluorescence w i t h  an t i -Tac  monoclonal an t ibody ,  a f t e r  24-48h c u l t u r e  
i n  the  absence (one case) and i n  the  presence (bo th  cases) o f  50 n g h l  Phorbol M y r i s t a t e  
Aceta te  (PMA). Note t h a t  PMA d i d  n o t  induce phenotyp ic  d i f f e r e n t i a t i o n  o f  leukemic c e l l s .  
B ind ing  s tud ies  w i t h  r a d i o i o d i n a t e d  I L  2 demonstrate t h a t  such Tact leukemic T c e l l s  bear 
an average o f  50 I L  2-R pe r  c e l l  w i t h  a Kd o f  5-20 pM, i . e .  o f  h i g h  a f f i n i t y .  I t  i s  a l s o  
poss ib le ,  however, t h a t  o n l y  a p r o p o r t i o n  o f  leukemic T c e l l s  bear a h ighe r  number o f  
h i g h  a f f i n i t y  recep to rs  whereas the  remainder o n l y  bear low a f f i n i t y  I L  2-R. I n  one case 
we a l s o  demonstrated s p e c i f i c  i n t e r n a l i z a t i o n  o f  IL 2 by the  c e l l s .  The f u n c t i o n  o f  these 
I L  2-R on immature leukemic T c e l l s  w i l l  be discussed. 
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c 601 

Dept Biotechnology, Av. du General de Gaulle, and ( 2 )  Dept Ophtalmology, B o p i t a l  
Intercommunal. 94000 C r e t e i l .  

we l l  as quant i f icat ions by a sensi t ive Enzyme Immunoassay in various tissues. No 
cross-reactivit '# against  bFGF was found. 
immunogold studies indicate that ,  although aFGF i s  found a l l  over, i ts repa r t i t i on  i s  reguiar. Very 
intense speci f ic  colorat ions were detected in the cephalic ax is  m o s t l y  the hypothalamic area), 
then the hemisphera. Cervelet were weakly react ive t o  the antibody indicat ing a d i f fuse  and low 
concentration o f  aFGF. These observat ions were quant i f ied a f te r  eatract ion o f  aFGF by EIA, and 
a good correlat ion was found w i th  our histological  studies. 

In ocular t issues. a FCF was found in decreasing order of abundance -optic nerve, cornea 
(epithelium and stroma), ret ina,  v i t reous body, lens, aqueous humor and sciera. No aFGF was 
found in the pigmented epi thel ium and choroi'd. In human chi ld re t ina ,  aFGF was found t o  be mostly 
associated w i th  outer segments o f  photoreceptors and w i th  the axons of the ganglion cells. In 
bovine ret ina,  cones, hor izontal  ce l l s  and avons of the ganglion ce l l s  were heavi ly stained in the 
central  region, while i n  per ipheral  areas a more d i f fused label l ing was seen. However, staining of 
neuroret ina was intense and appeared homogeneous, independent1.f o f  the region observed. 

aFGF DISTRIBUTION I N  THE BRAIN AND I N  THE EYE, B a r r i t a u l t  D. (1). Groux 9. (1). 
Caruel le  D. (1). Caruel le J.P.  (1). Gaudric A. ( 2 ) .  (1) Un ive rs i t y  Paris XII, 

Polycional ant ibodies against  aFGF were used to  perform ind i rec t  immunocytochemistry as  

I n  the brain, indirect  immunofiuorescent and 

c 602 POSSIBLE AUTOCRINE MECHANISMS IN THE EVOLUTION OF KAPOSI'S SARCOMA. Peter 
B iber fe ld ' ,  Shuj i  Nakamura' , Barbara Ensoli '  , S. Zaki Salahuddin' , Floss ie Wong- 

Staal' and Robert C. Gallo' , 'Department o f  Pathology, Karol inska I n s t i t u t e ,  Stockholm, 
Sweden, 'Laboratory o f  Tumor C e l l  Biology. National Cancer I n s t i t u t e ,  National I n s t i t u t e s  
o f  Health, Bethesda, Maryland 20892. 
By us ing condit ioned media from a T-ce l l  l i n e  transformed by HTLJ-I1 (HTLV-II,.) we were 
able t o  c u l t u r e  continuously endothel ia l  c e l l s  from Kaposi's sarcoma les ions (KSE). 

u l t r a s t r u c t u r e  and by immunphenotype, KSE c e l l s  c lose ly  resembled the S.C. sp ind le 
c e l l s  o f  KS les ions and had a l so  features i n  common and d i s t i n c t i v e  from those o f  i n  v i t r o  
cu l tu red  human umb i l i ca l  ve in  endothelium (H-UVE). I n  addi t ion,  the KSE c e l l s  expressed 
s i g n i f i c a n t  l e v e l s  o f  mRNA's f o r  bFGF, I L - l a  and 6 ,  TGFB and GM-CSF, whereas H-UVE c e l l s  
expressed low l e v e l s  o f  bFGF and no IL - I .  
d i s t i ngu ishab le  from a,bFGF and IL-1. KSE c e l l s ,  i n  con t ras t  t o  H-UVE e l i c i t e d  a strong 
angiogenic response, demonstrable by CAM assay and by S.C. i n j e c t i o n  o f  KSE c e l l s  i n  nude 
mice. 
lymphocytokine(s) and subsequently progress by the expression o f  autocr ine growth 
s t imu la to ry  mechanisms by the KSE (sp ind le)  c e l l s .  

By 

The HTLV-11,. KSE s t imulatory  factor (s)  was 

The present f i nd ings  could i nd i ca te  t h a t  the KS-leslon may be i n i t i a t e d  by a 

C 603 GROWTH REGULATION OF SOMATOTROPHS IN GRF-TRANSGENIC MICE, Nils 
Billestrup, Sylvia Asa, Jenny Price, Larr Swanson and Wylie Vale, The Salk Institute and 
SIBIA, La Jolla, CA 92037 and St. Michaers Hospital, Toronto, Canada 

Clinical studies of patients with growth hormone releasin factor (GRF) secreting tumors have indicated 
that GRF stimulates proliferation of somatotrophs ancfmay be involved in events leading to pituitary 
hyper lasia and subsequent adenoma formation. Recently we have shown that in vitro GRF is able to 
stimugte proliferation of primary somatotrophs by a CAMP dependent m e c h a n i h m F  also induced 
transcription of the c-fosj!oto:oncogene as well as bios nthesis of the fos protein. In order to study the 
long term effects of a in vivo on somatotroph prozferation, GRnransgenic mice were developed 
from fertilized eg s m i c r z n i t e d  with a mouse metollothionine 1 romotor/human G R F  cDNA 
construct. Plasma h e l s  of human GRF were high (range 18-279 ng/my) resulting in hypersecretion of 
GH and accelerated growth rate (growth rate relative to controls 1.78 + 0.20). The size of the anterior 
pituitary gland in transgenic animals was found to be increased 5-20 f o l h  Immunohistochemical analysis 
of anterior pituitaries from transgenic mice showed a marked hyperplasia as well as hypertrophy of the 
somatotropic cells. The number and size of the other endocrine cell types in the pituitary was not 
different from controls, indicatin a direct role of GRF in stimulating somatotroph growth. However, no 
signs of adenoma formation was found. Electron microsco y of the pituitaries revealed cells of normal 
morphology and no transformed cells were observe8. These data  demonstrate that  in vivo, 
hypersecretion of GRF is associated with somatotroph hyperplasia and hypertrophy. However G m X s  
not seem to directly induce adenoma formation, but more likely contributes to transformation of 
somatotrophs by acting concertedly with other growth or transforming factors. 
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C 605 GM-CSF AND INTERLEUKIN 1 INCREASE DENDRITIC CELL ACCESSORY ACTIVITY FOR T 
LYIPHOCYTE PROLIFERATION, William E .  Bowers, Mary S. Ruhoff, and Estelle M. 

Goodell, Bassett Institute for Medical Research, Cooperstown, New York 13326 
Our previous work established that rat dendritic cells function as potent accessory 

cells for responses of T lymphocytes to mitogenic treatment with periodate or Con A. 
After fractionation of rat lymph node cells in a discontinuous gradient of bovine plasma 
albumin, dendritic cells are recovered almost entirely in a minor population (5%) of low 
density cells (LDC). LDC were irradiated and incubated overnight in microtiter wells 
with silica to get rid of macrophages. When mitogen-treated T lymphocytes were added, 
responses increased 3-4-fold above those of the control LDC without silica. Responses 
were measured by 3H-thymidine incorporation during the last 4 hr of a 48 hr culture 
period. A supernatant from LDC exposed to silica was able to augment to the same 
extent the accessory activity of LDC not previously incubated with silica. LDC removed 
from this supernatant also increased the proliferation of mitogen-treated T lymphocytes, 
indicating that the supernatant affected accessory cells rather than T lymphocytes. A 
panel of highly purified or recombinant growth factors was tested for the ability to 
reproduce this effect. Only mouse rGM-CSF and human rIL-1 were active, both to about 
the same extent as that of the silica-induced supernatant. Human rIL-4, rat rIFN-y, 
and L cell-conditioned medium containing G-CSF were not active. 
GM-CSF and IL-1 enhance dendritic cell functions is currently under investigation. 
Supported by grants from NIH A1 17887 and the Stephen C. Clark Research Fund. 

The mechanism by which 

c 606 

Medicine and Dentistry, Rochester, NY. 

EFFECTS OF CYTOKINES ON HUMAN MONOCYTE FUNCTION, Connie L. Erickson-Miller, 
Camille N. Abboud and James K. Brennan, University of Rochester School of 

The influence of colony stimulating factors and IL-1 on several properties of human 
blood monocytes were investigated. G-, GM-, and M-CSF, IL-1 and LPS were examined for 
their ability to enable human monocytes to survive in culture in the presence of 10% fetal 
calf serum. Under all conditions there was an initial 40% drop in cell number 17 hours after 
harvest. After that time, only M-CSF (500 u/ml) was able to maintain a constant number of 
cells over 10 days. In the absence of M-CSF the cell number continued to decline, reaching 
1/7 that observed with M-CSF at day 10. A study of actin polymerization showed that 
human monocytes are stimulated by 11-1 and fMLP to have a shift from G- to F-actin within 
30 sec. No shift has been found to occur when the cells are exposed to recombinant G-, 
GM-, M-CSF or LPS. When measuring shifts in internal calcium using FURA-2 on 
monocytes cultured for 1 or 8 days, fMLP was found to stimulate a calcium flux, whereas G-, 
GM-, M-CSF or LPS did not. In contrast to its stimulation of actin polymerization, IL-1 did not 
cause a calcium flux. Currently, work is being done to investigate synergism between 
these factors. 
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c 607 l?IOSYNTt-IET I C  I i U l W N  tlF'IDtLFiPlAL GROWTH F R C l  OR A 1. ERAT EiS EF'I DERMAI.. 
REGENE.RATION O F  DONOR SI 'T fS  I N  MAN. G .  Rrowri,  A .  CI-amei-, G . S .  

Surge l -y  a n d  R i o c . h e m i s t i - y r  U n i v e r s i t y  of  L O U ~ S V ~  1 l l e ,  L c * u i s v i  1 l . e .  I. ' 'Y. E:rn~~~ y 
Clr i  i vei-s i t y  I A 1 t l a n  t a. GA , a n d  Vander-b i 1 t Un i vers i t y  , N a s h v  i 1 le . TN . 
G c l i n i c a l  t r i a l  w a s  c o n d u c t e d  to d e t e r m i n e  i f  EGF when a p p l i e d  t r ~ p i c a l l v  t o  
p a l - t  ial  - t h i c k n e s s  woLinds i n  $man w o u l d  enhance t h e  r a t e  o f  e p i d e , - m a l  1-ecrenera-  
t i o r i .  T w e l v e  p a t i e n t s  w e i e  e n r o l l e d  i n  t h e  p r - o s p e c t i v e .  r a n d o m i z e d ,  dolrb.  
b l i n d  t r i a l .  E a c h  p a t i e n t  h a d  two doiior. sites. 5 c m  Y 15 ~ m .  a t  1F!/l! 
i n c h  d e p t h .  U n e  dcsnor s i t e  o f  e a c h  p a t i e n t  w a s  t r e a t e d  w i t t i  S i l v a d e n e  ci-.. 
arid t h e  c8thfX.r- d o n o r  s i t e  w a s  t r e a t e d  w i t h  Si  . L v a d e i e  c:ream c o n t a i n i n g  1 0  \!q 

h l .  t i e a l i n q  w a s  measu i - ed  by  p l a n i m e t r v  of  p h o t o g r - a p h s  cmf w o u n d s .  
Fj~l.. /ndal-,e--ti--eated (:on-ti-ol wounds  h e a l e d  i n  an a v e r a g e  ccf 10.'75 d a y s  whi  I f ?  

s t r e a t e d  w i t h  S i . l v a d e n e  c o n t a i n i n g  EGF healed i r t  a n  avei-agp o f  b. 1 
.!:15> p a . i r e d  T - t e s - t )  . Morrphometr i c  a n a l y s i s  o f  t h e  b i o p s i e s  i-evea.L -. 
f icaii t  l v  m o r e  e p j  t h e l i u m  p r e s e n t  inn E G F - t r e a t e d  wocinds t h a n  o n  
wocri-ids (p..%.,>.k35 p a i r e d  T-test). If i  a d d i t i o n .  t w o  p a t i e n t s  w i t h  

ch i -o r i i c  n c ~ n h e a l i n g  d i a b e t i c  u l c e r s  w e r e  t r e a t e d  w i t h  S i  l vadena  ccmntaini  
P p a t i e n t  u\- iheal ,ed f o i -  4 years f o l l o w i n q  tr-aci.;metatal-sal amph( t a t1  

w a s  t o t a l l y  h e a l e d  a f t e r  3 w e e k s  csf t h e r a p y .  A s e c o n d  p a t i e n t  w i t h  a 
d . t d b e t i c  f o o t  u l c e r  u n h e a l e d  f a r  3 m o n t h s  h e a l e d  t o t a l l y  h e a l e d  after 2 
w e r k s  c8.f t r e a t m e l i t  w i t h  h E G F .  T h e s e  c l i n i c a l  s t u d i . e r  suppctr t p r e v i c * n s  
a l i . t i r l ~ . , l  : : tudies  t h a t  , ~ e , n o ~ - i s t r . a t e d  e n h a n c e d  waund h e a l i n q  w i t h  hEGF ta-eatmeiit. 

I- a c h u l  - t z .  L. t i o l t z i n .  L. C : u r t s i n g e r I  L. N a n n e r .  1I.J. J u r b : i e w i c z .  Dept;::. o f  

c 608 

MULTIPOTENTIAL (CFU-GEMM) PROGENITOR CELLS I N  MICE. H . E .  Broxmeyer, D.E. Will iams, S. 
Cooper, G. Hangoc, and P. Ralph. Indiana Universi ty  School of Medicine, Ind ianapo l i s ,  I N ,  
and Cetus Corporat ion,  Emeryville,  CA. 
Combinations of murine-CSF-1, -1L-3, and -GM-CSF synergize when adminis tered to  mice i n  
vivo to  inc rease  cyc l ing  r a t e s  of hematopoietic progeni tor  c e l l s  (Broxmeyer e t  a l . ,  P N E  
-3871, 1987; Williams e t  a l .  Blood 70: 401, 1987). Experiments were s e t  u p  t o  determine 
i f  rhG-CSF and rhCSF-1 synergize i n  vivo.  BDF mice were p r e t r e a t e d  i .v .  with p u r i f i e d  
human l a c t o f e r r i n  i n  order  t o  reduce endogenoui mouse CSF l e v e l s ,  and were adminis tered 
rhG-CSF o r  rhCSF-1 i . v .  a t  10000, 5000, 2000 o r  1000 u n i t s  o r  were given rhG-CSF and 
rhCSF-1 together  a t  500, 100, 50 o r  10 u n i t s  each. Mice were s a c r i f i c e d  a t  24 h r s  and 
femoral marrrow and spleen evaluated f o r  the % of CFU-GM, BFU-E and CFU-GEMM i n  S-phase. 
10000 u n i t s  of e i t h e r  rhG-CSF or rhCSF-1 enhanced c y c l i n g  o f  a l l  marrow and  s p l e e n  
p rogen i to r s  t o  30-617. from values  of <lo% i n  c o n t r o l  mice given pyrogen-free s a l i n e  (p < 
0.001). 2000-5000 u n i t s  of e i t h e r  CSF a lone  had no s i g n i f i c a n t  e f f e c t .  Dosages of rhG-CSF 
and rhCSF-1 needed to  s i g n i f i c a n t l y  inc rease  progeni tor  c e l l  cyc l ing  (p < 0.001) were 
reduced by 100-200 fo ld  when these CSFs were adminis tered i n  combination a t  dosages of each 
which were n o t  a c t i v e  by themselves, E f f e c t s  noted were n o t  due to  endotoxin.  Enhanced 
p r o l i f e r a t i v e  e f f e c t s  of these molecules i n  vivo may be due to  e f f e c t s  d i r e c t l y  and/or  
i n d i r e c t l y  on t h e  p r o g e n i t o r s  and may be of r e l e v a n c e  t o  t h e  e f f i c a c y  of a c t i o n  of 
these molecules i n  c l i n i c a l  t r i a l s .  

PURIFIED RECOMBINANT HUMAN-(RH)- G-CSF and -CSF-1 SYNERGIZE I N  V I V O  TO ENHANCE 
PROLIFERATION OF GRANULOCYTE-MACROPHAGE (CFU-GM) , ERYTHROID ( BFU-E) AND 

c 609 CYTOSTATIC ACTIVITY OF TGF-81: I N  VIlXO AND I N  V I V O  STUDIES, Joseph J. Cat ino,  
William C .  Rose, George A. Basler ,  J A l l i a n  J. ElcRae, Anna El. Casazza, B r i s t o l  

Myers Company, Wallingford,  CT 06492; Daniel  R .  Twardzjk, and A. Purchio,  Oncogen, S e a t t l e  
WA 98121. Several  b i o l o g i c a l  e f f e c t s  of TGF-81 have been reported,  and it has  been 
suggested t h a t  t h i s  growth f a c t o r  can r e g u l a t e  turnor growth i n  vivo.  To exp lo re  t h i s  
p o s s i b i l i t y ,  we have f i r s t  i nves t iga t ed  s e v e r a l  i n  v i t r o  c e l l  1i.nes f o r  t h e i r  s e n s i t i v i t y  
t o  TGF-61. Ma te r i a l  from R6D Systems, or recombinant TGF-81 yas used. I n  v i t r o ,  t h e  
c y t o s t a t i c  a c t i v i t y  was t e s t e d  by measuring t h e  i n h i b i t i o n  of A - thymidine inco rpora t ion  
or of colony formation i n  s o f t  agar .  S imi l a r  i n h i b i t i o n  was produced on t h e  B16 melanoma 
and t h e  A549 human lung carcinoma c e l l  l i n e s .  A t  5 ng/ml t h e  X i n h i b i t i o n  was 30% - 44% i n  
t h e  thymidine inco rpora t ion  assay,  and 91 - 69% i n  t h e  colony assay,  f o r  t h e  two c e l l  
l i n e s ,  r e spec t ive ly .  'These d a t a  encouraged i n  v ivo  s t u d i e s .  The B16 melanoma was 
implanted s c  i n t o  BDFl mice, and t h e  A549 i n t o  nude C D - 1  mice. TGF-81 was adminis tered s c ,  
by Alzet pump or by i n j e c t i o n  a t  t h e  s i t e  of t h e  tumor implant o r  a few cm d i s t a l l y .  
Treatment s t a r t e d  on Day 0 (B16 experiments) or on Day 9 (A549 experiments) post-tumor 
implant.  The fol lowing dose range was used: 0 .01  t o  0 . 8  pg/mouse/day o r  i n  repeated d a i l y  
i n j e c t i o n s .  A t r a n s i e n t  45% i n h i b i t i o n  of 016 melanoma growth was observed i n  one of t w o  
experiments a t  t h e  dose of 0 . 1  pg/mousa/day (Alzet  pump, 7 days exposure).  I n  t h e  A549 
tumor model, 50% i n h i b i t i o n  was seen i n  mice t r e a t e d  d i s t a l l y  wi.th 0 .8  pg/mouse/day q2d x 
7,  and i n  mice t r e a t e d  l o c a l l y  a t  1/10 of t h e  aforementioned dose.  These p re l imina ry  
r e s u l t s  suggest  t h a t  TGF-81 may have an inhibi . t ing e f f e c t  on human tumors i n  an i n  vivo 
s e t t i n g .  Further  s t u d i c s  A r e  needsd t o  confirm and extend t h i s  o r i g i n a l  observat ion.  
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c 610 INSULIN M I N E D  DECIWEE I N  THE WNCENTWTION ff CJATHRIN E W Y  CHCIIN cIssocINED 
TO IWT cu)IpoCYTE FUSW H B W H E S .  Silvia Corvera, University o f  Pennsylvania 
Medical School, Philadelphia, PO 19104-6082 

Treatment of isolated rat adipocytes with insulin causes a rapid increase in the cell 
surface number of several low abundance membrane proteins, such as the glucose 
transporter, and the receptors for IGF-II/mannose-6-phosphate, transferrin, and alpha 2 
8acroglobulin. These three membrane receptors are internalized through clathrin coated 
pits at the plasma membrane, and continually recycle between the plasma membrane and a lor 
density microsanal membrane pool. One of these receptors, the IGF-II/aannose-6-phosphate 
receptor is phosphorylated in vivo on serine and threonine residues. The receptors present 
on the plasma membrane are phosphorylated to a higher stoichiometry than those receptors 
present in the intracellular membrane pool; within the plasma 8embrane, a highly 
phosphorylated subpopulation of receptors can be identified. These receptors are tightly 
associated to a Triton-X-100. insoluble fraction of the membrane. Treatment of cells with 
insulin results in a marked decrease in the phosphorylation of these receptors. In recent 
experiments, immunobloting of plasma membranes with a monoclonal antibody specific toward 
clathrin heavy chain has shorn: a) That all the clathrin associated to the plasma membrane 
is contained within the Triton X-100 insoluble fraction , and b) a marked decrease in the 
amount of clathrin heavy chain found associated to purified plasma membranes obtained from 
insulin treated cells. These data suggest that insulin can modulate the number or the 
composition of clathrin coated pits at the cell surface, perhaps through changes in the 
kinasee or phosphatases present in these structures. 

C 611 R O L E  OF IllTERLEUKIll 1 IN ACUTE ElYELOID LEUKEMIA CELL GROWTH, Feder ico  Cozzolino, Do- 
: i a i e l l a  Ald inucc i ,  Maria Torc i a ,  Anna R u b a r t e l l i ,  Univers i ty  of  F i r enze ,  I t a l y .  

We s tuc i i e : ,  I n t e r l e u k i n  1 ( I L - 1 )  p r o d u c t i o n  by  l e u k e m i c  c e l l s  f r o m  37 A c u t e  
I l y e l o i . '  L e u k e m i a  ( A M L )  p a t i e n t s .  We f o u n d  t h a t  AllL c e l l s  p r o d u c e d  a n d  r e l e a -  
s e d  I L - 1  i n  v i t r o  i n  2 0 / 3 7  c a s e s .  I m m u n o f l u o r e s c e n c e  s t u d i e s  d e m o n s t r a t e d  t h e  
p ' d se! ice  i;? i n t r a c y t o p l a s m i c  p r o t e i n  i n  b o t h  r e l e a s i n g  a n d  n o n - r e l e a s i n g  
c e l l s .  ;n - y s a t e s  f r o m  t h e  l a t t e r  c e l l  t y p e ,  h o w e v e r ,  n o  I L - 1  b i o l o z i c  a c t i -  
v i t y  couL2  be  r e c o v e r e d .  S i n c e  t h e  i d e n t i t y  b e t w e e n  I L - 1 - -  a n d  h e m o p o i e t i n  1, 
3 cy:oi:'.ne a c t i v e  o n  n o r m a l  m y e l o i d  p r e c u r s o r  c e l l s ,  h a s  r e c e n t l y  b e e n  demon- 
: t r a ' . ~ " ,  ~e i n v e s t i g a t e d  w h e t h e r  t h e  s p o n t a n e o u s  p r o l i f e r a t i v e  a c t i v i t y  o f  
\;I!. c e l l s  c ~ u l d  b e  e n h a n c e d  b y  t . h ?  a d d t t i o n  o f  e x o g e n o u s  I L - - 1 .  The  r e s u l t s  
siiowe; :!-3t i n  S / O  c a s e s  a 3-10 f o l r i  i n c ; . e a s e  o f  p r o l i f e r a t i o n  c o u l d  b e  ob -  
z e r v e d  f ~ l l o w i n g  t h e  a d d i t i o n  o f  ~ i t h e i :  I L - 1 - 0 :  o r  I L - 1 - 6 .  T h i s  e f f e c t  was  i n -  
h i b i L e l  5 y  n o n o s p e c i f i c  a n t i - - I L  -1 a n t i b o d i e s .  F r a c t i o n a t i o n  oi A i l L  c e l l s  o n  
r e r c o i l  q r a d i e n t s  showed  t h a t  h i g h  d e n s i t y ,  n o n - c y c l i n g  c e l l s  were r e s p o n s i v e  
t o  I L  1. T h e s e  d a t a  s u g g e s t  t h a t  t h e  e n d o g e n o u s  I L - 1  c o u l d  b e  i n v o l v e d ,  a t  
l e a s t  a s  a c o - f a c t o r .  i n  m a ; n , d a i n i n g  t h e  n e o p l a s t i c  g r o w t h  o f  AZlL c e l l s .  

C612 ~ S K S S I M G  G B D ~ ~ I ~  ~m-8- -IS in vitro. dllD IS KLW- 
IN AN in vivo MODEL OF BEPATIC FIBROSIS. MJ Czaia. FR Weiner. HGiambrone. 

a. 
Transforming pmth factod(TW-f3) is a cytdcine produced by manuclear cells which has been sham to 

induce collagen formation in fibroblasts. b e v e r ,  to cur loawledge m pxwicus study has investigated the 
associatim of this cytdcine with hepatic fibrosis. Heptocytes cbtained frm perfused rat livers were 
cultured in serwi-free, brmomlly defined medium. The cells were then treated with lGF-S(prwided by 
Collagen Corporation, F'alo Alto, CAI in picogram comentratims for 24 hr~. Total RNA was extracted from the 
cells and subjected to Northern a d  dct blot amlysis. Heptocytea treated with 'IGF-Behowed an ilrrease of 
greater than thirteen-fold in type I procollagen mtUiA lwela mere was no significmt charge in the steady 
state mRNA levels of B-actin or albumin in these hepatcrytea. Given this cytdch's stidation of collagen 
prcduction in heptocytes ad fibroblasts, we determined whether lWl3expression was increased in an Lyj=y~ 
model of hepatic fibroais, uurine schistoscmiasis. CF-1 mice were infected with 50 cercaria of S. manscai 
and then sacrificed at eight we&s after infection, a time of maximal collagen synthesis. Total RNA was 
extracted from the livers and subjected to Northern blct hybridization with a lGFBcINA clone la gift of 
Germtech, Inc. So. San Frarrisco, 0. Steady state levels of lGFBmRNA wee elevated more than forty-fold 
in the infected mice ad nuclear nnron analysis indicated that this chmge was due to an increase in ZGF-5 
gene transcription. No increase was found in interleukin-1 mRNA levels, another cytokine thcught to 
stirmlate fibrogenesis. lhese findirge indicate that ZGF-~stiuulates collagen synthesis in vitro a d  that 
the synthesis of this cytdcine becanes markedly increased in an model of fibrosis. It is temptb to 
speculate that '1GF-Bmay play a significant role in hepatic fibrogemais. 

Liver Research Center, Albert Einstein College of Medicine, Bronx, New York 
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c 613 RECOMBINANT GROWTH FACTORS ACCELERATE WOUND HEALING PROCESSES, Jeffrey M.Davidson. 
Anne Buckley, Gregory S. McGee, and Achilles Demetriou, Vanderbitl University. Nashville, TN 37232 

Three major rate-limiting factors in the process of wound repair are the rate of formation of granulation tissue (GT). the 
accumulation of fibrillar collagen, and the formation of new blood vessels. GT repopulates areas of injury with a unique, 
myofibroblastic cell population which promotes or supports the neovascularization of these injury sites. Collagen produced 
by GT cells provides the extracellular architecture and tensile strength required for completion of repair. Polypeptide growth 
factors such as epidermal growth factor (EGF). basic fibroblast growth factor (bFGF; provided by ASommer, Synergen, Inc.), 
and transforming growth factors (TGFu and TGFO; provided by R.Derym* and B.Bear, Genentech, Inc.) elicited accelerated 
GT formation in a rat-polyvinyl sponge model of deep wound repair. EGF and TGFu only worked effectively il slowly 
released. Increased angiogenic activity was particularly apparent with bFGF treatment. Although these proteins, now 
produced as recombinant molecules, are best characterized as mitogens, they also possess potent chemoattractant 
properties, suggesting that recruitment of cells may play an important role in stimulation of the repair process. GT cell 
migration was vigorous to TGF-u and bFGF, but the response to bFGF was attenuated in cells from mature (d28) GT. The 
influence of these factors on collagen synthesis was usually null, and only TGF-I3 under certain in vitro conditions showed 
any sign of a Selective influence . The regulation of collagen deposition and remodeling could be rapidly adjusted in the 
degradative pathway, either by modulating collagenase or its activation, or by regulating the levels of the collagenase 
inhibitor, TIMP. For example bFGF. but not EGF, stimulated the production 01 latent collagenase in GT cells from early 
wounds, older wound cells having no collagenase activity. The vulnerary potential of these growth factors was further 
supported by the demonstration of increased tensile strength. breaking energy, and collagen content in an incisional 
wound model. Single injections into the wound site on day 3 after injury resulted in significant improvement of these 
parameters using either bFGF or TGFO. Collagen metabolism at the wound site was slightly increased by bFGF and reduced 
by TGFB at days 7, 14, and 21 after incision. These compounds may be of therapeutic value in cases of compromised or 
delayed healing.(Supported in part by USPHS. NIH grant AG06528, the Veterans Administration, and Synergen, Inc.) 

c ~ ~ ~ L Y M P H ~ K ~ N E - M E D ~ A T E D  ACTIVATION AND GROWTH OF SEZARY T CELLS FROM CTCL, Ela ine 
DeFreitas, J. Todd Abrams, Wi l l iam Ju, Peter Nowell, and E r i c  Vonderheid, The 
Wistar I n s t i t u t e ,  Univ. o f  Pennsylvania, and Temple Un ive rs i t y ,  Phi la..  PA 19104 

Cutaneous T c e l l  lymphoma (CTCL) i s  a malignancy o f  CD4 helper  T c e l l s  which appears 
f i r s t  i n  the  s k i n  then s lowly  progresses t o  blood, lymph nodes and v i s c e r a l  organs. 
This  croup o f  diseases inc ludes the leukemic erythroderma known as Sezary syndrome and 
the nonleukemic disease known as mycosis fungoides. 
sk in ,  lymph nodes and blood are a t y p i c a l  l a rge  lymphocytes w i t h  a serpentine or 
cerebr i form nucleus which express T c e l l  a c t i v a t i o n  markers and appear t o  be c l o n a l  
i n  o r i g i n .  
from blood or s k i n  o f  CTCL presumably due t o  f u n c t i o n a l  defects  i n  t h e i r  a c t i v a t i o n  
or c l o n a l  expansion. 
15 Sezary Syndrome pa t ien ts ,  long-term T c e l l  l i n e s  and clones which have the pheno- 
t yp i c ,  ka ryo typ i c ,  or c lonotyp ic  cha rac te r i s t i cs  o f  neoplast ic  Sezary c e l l s .  The 
requirement f o r  t h e i r  a c t i v a t i o n  appears t o  be a lymphokine (here termed "Sezary 
a c t i v a t i n g  factor" ;  SAF), which induces h igh  a f f i n i t y  I n t e r l e u k i n  2 receptors  ( I L Z R )  
on these c e l l s .  
erat ion.  Ne i the r  IL1 alpha or beta, rec IL2, i n r e r f e r o n  gamma nor tumor necros is  
f a c t o r  s u b s t i t u t e s  f o r  SAF. The sources, biochemical character izat ion.  and 
r e l a t i o n s h i p  t o  other  lymphokines w i l l  be discussed. 

The neoplast ic  T c e l l  i n f i l t r a t i n g  

Despite severa l  e f f o r t s ,  no one has been successful i n  growing these c e l l s  

We have been successful i n  growing, from the blood o f  13 ou t  of 

Add i t i on  of exogenous rec.  I L Z ' r e s u l t s  i n  t h e i r  sustained p r o l i f -  

C 615 PHENYTOIN AS A PHARMACOLOGIC GROWTH FACTOR FOR CONNECTIVE TISSUE, Russell  E. D i l l ,  
Walter L. Davis and James H. Mart in, Baylor Dental College and Baylor Un ive rs i t y  
Medical Center, Dallas, TX 75246. 

Accumulating evidence suggests t h a t  phenytoin (5,5-diphenylhydantoin). an o f t e n  prescribed 
an t i se i zu re  drug, has several cha rac te r i s t i cs  o f  a growth f a c t o r  f o r  connective t i ssue  
(c.t .)  or a st imulus f o r  wound healing. For example, phenytoin (PHT) has i n  vitro 
mitogenic e f f e c t s  on f i b rob las ts :  i n  v i vo  p r o l i f e r a t i v e  e f f e c t s  (dose re la ted )  o n v i s c e r a l  
c.t.; i s  associated w i th  accumulation o f  macrophages i n  PHT-induced hyperp last ic  c.t. 
[ p re l im ina ry  evidence ind i ca tes  t h a t  PHT st imulates per i toneal  macrophages t o  produce 
growth fac to r ( s ) ] ;  and as presented here, induces d i f f e r e n t i a t i o n  o f  myof ibroblasts  a. Four r a t s  were given 100 mg/kg PHT by i.p. i n j e c t i o n  d a i l y  f o r  9 days and 
s a c r i f i c e d  on the 10th day. Samples o f  l i v e r ,  spleen, and i n t e s t i n a l  mesentery were 
processed f o r  e lec t ron  microscopy. Four con t ro l  r a t s  were s i m i l a r l y  t rea ted  w i t h  the drug 
so lvent  ( l o x  DMSO). U l t r a t h i n  sect ions o f  a l l  specimens were examined on a JEOL 100 CX I 1  
e lec t ron  microscope. A l l  PHT-treated hyperp last ic  t issues were found t o  conta in  c e l l s  
meeting the morphologic c r i t e r i a  f o r  myofibroblasts. as opposed t o  the con t ro l s  where the 
l a t t e r  c e l l s  were i n f requen t l y  seen. These observations prov ide f u r t h e r  evidence t h a t  PHT 
mimics the s t imulus o f  wounding as we l l  as ac t i ng  as a mitogen. Supported by a grant  from 
Baylor College o f  Den t i s t r y  Research Fund. 
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C616 INTERLEUKIN-l/HEMPOIETIN-1 EFFECTS ON EARLY HEMOPOIETIC CELLS. 
P e t e r  P .  D u k e s ,  K r i s  M .  Zsebo, Je t te  Wypych,  V i c t o r i a  N .  Y u s c h e n -  

k o f f ,  H s i e n g  L u ,  Pam H u n t ,  K e i t h  E. L a n g l e y ,  Andrew M a  a n d  C u r t i s s  P o l k ,  
C h i l d r e n s  Hosp i t a l  o f  L o s  Ange le s -USC,  L o s  A n g e l e s ,  9 0 0 2 7  and  AMGEN, T h o u s -  
a n d  O a k s ,  CA 9 1 3 2 0 .  
T h e  a c t . i o n  o f  human r e c o m b i . n a n t  i n t e r l e u k i n - l a  ( I L - l a  ) was i n v e s t i g a t e d  
i n  severa l  s y s t e m s  i n v o l v i n g  t h e  g r o w t h  o f  mouse b o n e  m a r r o w  h e m o p o i e t i c  
p r o g e n i t o r  c e l l s .  Hemopoie t in-1  w a s  p u r i f i e d  f r o m  t h e  human b l a d d e r  ca rc in-  
oma ce l l  l i n e  5 6 3 7 .  'The p r e p a r a t i o n  c o n t a i n e d  2 c o m p o n e n t s  w h i c h  b y  a m i n o  
a c i d  s e q u e n c e  comparison w e r e  f o u n d  t o  be i d e n t i c a l  t o  I L - l a  a n d  IL-10  
r e s p e c t i v e l y .  When I L - l a  was present  d u r i n g  a 2 day s u s p e n s i o n  c u l t u r e  o f  
b o n e  m a r r o w  c e l l s  t h e  n u m b e r  o f  Day-12  CFU-S p r e s e n t  a t  t h e  end o f  t h e  c u l -  
t u r e  per iod was s i g n i f i c a n t l y  h i g h e r  t h a n  i n  c o n t r o l s  w i t h  n o  a d d i t i o n .  
T h i s  e f f e c t  a l s o  t o o k  place i n  a n  a d h e r e n t  c e l l  d e p l e t e d  s y s t e m  s u g g e s t i n g  
t h a t  t h e  g r o w t h  f a c t o r  h a s  a direct  s u r v i v a l  e n h a n c i n g  e f f e c t  o n  Day-12 
CFU-S. E x p e r i m e n t s  u t i l i z i n g  t h e  h i g h  p r o l i f e r a t i v e  p o t e n t i a l  c o l o n y - f o r m -  
i n g  c e l l  a s s a y  showed  t h a t  t h e  t a r g e t  ce l l s  o f  I L - l a  i n  t h i s  s y s t e m  a re  n o t  
a c c e s s o r y  cel ls  a n d  are d i f f e r e n t  f r o m  t h e  t a r g e t  ce l l s  o f  IL-3  a n d  g r a n u l o -  
c y t e - m a c r o p h a g e  c o l o n y  s t i m u l a t i n g  f a c t o r .  

c 617 STRUCTURAL ORGANIZATION OF THE HUMAN ORNITHINE DECARBOXYLASE GENE, Margaret A. 
Flanagan and Mary C. F i t z g e r a l d ,  Merrell Dow Research I n s t i t u t e ,  2110 E. Ga lb ra i th  

Road, C i n c i n n a t i ,  OH 45215. 
An i n c r e a s e  i n  o r n i t h i n e  decarboxylase  (ODC) a c t i v i t y  is t i g h t l y  coupled t o  mitogen 
s t imu la t ion .  Th i s  is presumably due t o  the  r o l e  of ODC i n  t h e  b iosyn thes i s  of polyamines, 
which a r e  r equ i r ed  f o r  p r o t e i n  b iosyn thes i s  and DNA r e p l i c a t i o n .  T h i s  i n c r e a s e  i n  
a c t i v i t y  has been shown t o  be r egu la t ed  a t  the  t r a n s c r i p t i o n a l ,  t r a n s l a t i o n a l  and post-  
t r a n s l a t i o n a l  l e v e l s .  I n  o r d e r  t o  b e t t e r  unders tand  the  s i g n a l s  l e a d i n g  t o  increased  
r a t e s  of t r a n s c r i p t i o n  i n  response  t o  mi togenic  s t i m u l a t i o n ,  we have c loned  the  human ODC 
gene us ing  a human ODC cDNA c lone  as a probe (Hickok e t  a l .  (1987) Gene 6:  179) .  Genomic 
Southern-b lo ts  sugges t  t h a t  t h e r e  is only  a s i n g l e  gene hybr id i z ing  a t  h igh  s t r ingency ,  
un l ike  the  murine mul t igene  fami ly .  Hybr id i za t ions  a t  moderate s t r ingency  showed a small 
number of a d d i t i o n a l  bands,  as p rev ious ly  r epor t ed  (Winqvist  e t  a l .  (1986) Cytogenet.  C e l l  
Genet. 4 2 :  133) .  A lambdaphage c lone  which hybr id i zed  t o  the  cDNA probe a t  high 
s t r ingency  has  been i s o l a t e d  from a human leukocyte  l i b r a r y .  P a r t i a l  sequence a n a l y s i s  of 
an  11.1 kb S a l  I fragment of t h i s  c lone  showed the  presence  of a t  l e a s t  12  exons wi th  an 
average  s i z e  of about  150 bp. The p u t a t i v e  a c t i v e  s i t e  l y s i n e  (Lys 298) is i n  the  n in th  
exon. There are s e v e r a l  i n t r o n s  of 1 kb o r  g r e a t e r  which may have r e g u l a t o r y  s i g n i f i -  
cance.  

c 618 INTERLEUKIN-1 IN PULMONARY HYPERTENSION. M.N. Gillespie, D.A. Cohen, C.J. 

Monocrotaline (MCT) causes edematous lung injury, pulmonary vascular hyperreactivity, enhanced lung 
ornithine decarboxylase activity (ODC), and progressive vascular remodeling leading to sustained pulmonary 
hypertension in rats. Because interleukin 1 (IL-1) exerts pro-inflammatory actions and is mitogenic for 
fibroblasts, both of which have been been implicated in hypertensive pulmonary vascular disease, we sought 
to determine it IL-1 could be involved with t h e  adverse effects of MCT in rats. Bronchoalveolar lavage fluid 
contents of bioassayable IL-l were increased at day 4 post MCT, had returned to control levels at day 7, and 
were increased again at days 14-20, These changes were temporally related to MCT-induced increases in 
lung ODC activity. pulmonary edema, and vascular hyperreactivity (days 4-7) and the later development of 
right ventricular hypertrophy (RVH) indicative of sustained pulmonary hypertension (days 14-20). Whereas 
murine monocyte-derived IL-1 administered to intact rats failed to increase lung ODC activity. t h e  monokine 
caused a 100 fold increase in ODC activity in cultured porcine pulmonary vascular endothelial cells. IL-t 
induced pulmonary edema in intact rats as evidenced by increases in both the lung wet-to-dry weight ratio and 
pulmonary extravasation of Lungs isolated 
from animals treated 3 hours previously with IL-1 exhibited depressed reactivity to angiotensin II while at 24 
hours post-treatment, pressor responses to the peptide were markedly enhanced. Administration of IL-t 
every other day for 14-16 days was associated with RVH suggestive of sustained pulmonary hypertension. 
These ObSeNatiOnS suggest that IL-1 accumulates in the lungs of rats with MCT-induced pneumotoxicity and 
that IL-t mimics some of the pathophysiologic and biochemical changes associated with MCT-induced lung 
injury and pulmonary hypertension. 

McClain. S.E. Goldblum, 6. Hennig, and J.W. Olson. Univ. of Kentucky, Lexington, KY 40536. 

251-bovine serum albumin and by light microscopic assessment, 
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c 619 THE LEVEL OF SECRETED TGFa- LIKE ACTIVITIES IS CORRELATED WITH THE ONCOGENIC PHENO- 
TYPE OF HUMAN TRANSFORMED CELLS IN NUDE MICE, HCdi Haddada ', Christian Lavialle l ,  
Olivier Brison 2, Pierre May l, and Arthur S .  Levine 3, 1 - I.R.S.C. B.P. no 8 ,  

94802 Villejuif France, 2 - I.G.R., 94805 Villejuif, 3 - N.I.H., N.I.C.H.D., Bethesda, 
Md 20892 USA. 
Transforming growth factors (TGFs) are believed to play an important role in determining 
many phenotypic characteristics of transformed cells. To determine whether the malignant 
phenotype is accompanied by high secretion of mitogenic TGFW-like factors, we have examined 
the activity of conditioned media from two sublines SW 613-5 c1.46 and SW 613-Tu2 derived 
from the human breast cancer cell line SW613-S (Modjtahedi et al., Cancer Res.,  45, 1985). 
SW 613-Tu2 cells had a 60 fold amplification of the c-myc oncogene and were tumorigenic in 
nude mice, whereas, SW 613-S c1.46 had a 3 fold amplification of c-myc and were not tumo- 
rigenic. Our data showed that conditioned media from SW 613-Tu2 cell culture contained a 
powerful TGh-like factor2yhich induced the growth of quiescent NRK cells and of human A549 
cells and competed with Conditioned media from 
non tumorigenic SW 613-S c1.46 cells contained lower mitogenic activity. The mitogenic 
factor eluted from size exclusion HPLC columns with a molecular weight of 8 to 10 Kd. In 
addition, by immunoprecipitation, we found that EGF receptor proteins (which also binds 
TGF.) were more expressed in tumorigenic SW 613-T,% cells than in SW 613-S c1.46 cells. 
However, cells from both sublines bound weakly I EGF and were poorly stimulated by 
addition of EGF in the media. via 
an "internal" autocrine pathway, growth factors they produce. Overexpression of these 
factors my contribute to maintenance of cell transformation and to tumor-inducing capacity. 

I EGF for receptor binding on NRK cells. 

These data suggest that these cells preferentially use, 

C620 AUTOCRINE GROWTH STIMULATION OF HUMAN COLOPECTAL CARCINOMA CELLS IS 

GROWTH FACTOR, Meenhard Herlyn and Alban J. Linnenbach, The Wistar 
Institute of Anatomy and Biology, Philadelphia, PA 19104. 
Autonomous growth of colorectal carcinoma cells was demonstrated by long- 
term culture in a protein-free medium. Of eight growth factors tested for 
mitogenic activity, SW 707 colorectal carcinoma cells responded only to 
insulin and IGF I, with both factors acting via the IGF I receptor. On 
optimal concentrations of either IGF I (0.1 ug/ml) or insulin (1.0 ug/ml), 
the doubling time of cells (48 h) was similar to that of cells incubated in 
2 %  fetal bovine serum although with a slower initial attachment rate. SW 
707 cells secrete TGF-alpha, a PDGF-like factor, and TGF-beta, but not IGF 
I, IGF 11, EGF, or FGF. Dissociation of receptor-bound ligand increased 
the number of EGF/TGF-alpha receptor sites from 3000 to 5000 per cell. 
Transcripts for the A and B chains of PDGF and for the EGF receptor but not 
the PDGF receptor were expressed. Antisera to PDGF and synthetic TGF-alpha 
inhibited growth of cells by 85% and 94%, respectively, indicating that 
both growth factors are secreted for autostimulation. These studies demon- 
strate that growth autonomy of colorectal carcinoma cells in culture is 
controlled by at least two growth factors, alpha-TGF and a PDGF- 
like factor. 

MEDIATED BY TRANSFORPIING GROWTH FACTOP - ALPHA AND PLATELET-DERIVED 

C 621 BINDING, PROCESSING. AND EFFECTS OF IGF-11 ON NORMAL AND MALIGNANT MAMMARY 
EPITHELIAL CELLS, Kenneth S .  Hirschl, George W. Sledge Jr.2, Robert A. Swift1 and 

Julie F. Falconel, lEli Lilly and Company, Indianapolis. IN 46285 and kchard Roudebush 
V. A. Medical Center and Indiana University, Indianapolis, IN 46202. 
The mechanisms through which IGF-I1 induces cellular proliferation were examined in vitro 
using two mammary carcinoma cell lines; (ER+) MCF-7 and (ER-) MDA-MB-231 (MDA) and a 
normal mammary epithelial cell line, HMEC-184. Both MDA and MCF-7 cells bind IGP-I1 in a 
time- and temperature-dependent fashion with the MCF-7 cells binding approximately 10 
times more IGF than MDA cells. IGF-I1 binding appeared to be through the type-I1 receptor 
in both lines. HMEC-184 also exhibits IGF-I1 binding sites. MCF-7 and IDA cells exhibit 
both high affinity (KD 0.1 nM) and low affinity (KD 5 nM) IGF-I1 binding sites. HMEC- 
184, exhibited only the low affinity binding site. Processing of the IGF-11-receptor 
complex was more rapid in IDA cells as compared with MCF-7 cells. This may be important 
given the more rapid growth rate exhibited by the MDA cells in vitro. In the cancer lines 
a majority of the IGF-I1 binding sites appeared to be occupied by an endogenously produced 
ligand, suggesting that IGF-I1 may be acting as an autocrine growth factor. When MCF-7 
and MDA cells vere plated at different densities IGF-I1 binding was inversely proportional 
to cell number. This phenomenon correlates with observed growth patterns. All three 
cell lines express the mRNA for IGF-11. IGF-I1 mRNA levels were. however, low in the HMEC- 
184 cells. Unlike IGF-I which failed to stimulate thymidine incorporation by MDA cells, 
IGF-I1 stimulated DNA synthesis in both neoplastic cell lines, reaching a maximum at 25 
ng/ml. IGF-I1 stimulated thymidine incorporation in HMEC-184 cells, though total DNA 
synthesis was relatively low. These data tend to support the hypothesis that IGF-I1 acts 
to regulate cell growth in breast cancer cells. 
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c 622 RECOMBINANT INTERFERON-y INHIBITS THE MITOGENIC EFFECT OF PDGF AT A LEVEL DISTAL 
TO THE GROWTH FACTOR RECEPTOR, Markus Hosang, F.Hoffmann-La Roche & Co. L imi ted 

Company, CH-4002 Basle, Switzerland. 
High ly  p u r i f i e d  preparations o f  recombinant human i n t e r f e r o n  (rIFNs) aA, 8 and y a l l  i n -  
h i b i t e d  p la te le t -de r i ved  growth f a c t o r  (PDGF)-induced DNA synthesis i n  normal human dermal 
f i b rob las ts .  rIFN-y was the most potent, since i t  blocked the PDGF response by 50% a t  about 
10 U/ml  o r  0,3 ng/ml, whereas w i t h  rIFN-aA and rIFN-B 4000 U/ml  and 600 U/ml ,  r espec t i ve l y  
(10 ng/ml i n  both cases), were requi red t o  achieve the same e f f e c t .  There was a close par- 
a l l e l i s m  between the a b i l i t y  o f  these rIFNs t o  i n h i b i t  PDGF a c t i v i t y  and t h e i r  capaci ty  t o  
i n h i b i t  c e l l  p r o l i f e r a t i o n  i n  serum-containing medium. None o f  the rIFNs blocked s p e c i f i c  
b ind ing o f  125I-PDGF t o  f i b rob las ts .  The mechanism o f  ac t i on  o f  rIFN-y was analyzed f u r -  
ther. This rIFN d i d  no t  i n h i b i t  uptake o f  [3H]-thymidine. However, i f  s h i f t e d  the t ime 
po in t  o f  i n i t i a t i o n  o f  DNA synthesis from about 14 h a f t e r  s t imu la t i on  w i t h  PDGF t o  about 
21 h and decreased s i g n i f i c a n t l y  the r a t e  o f  DNA synthesis. rIFN-y could be added up t o  6 h 
fo l l ow ing  s t imu la t i on  w i t h  PDGF w i t h  no loss o f  i t s  i n h i b i t o r y  e f f e c t .  rIFN-y a l so  blocked 
the mitogenic a c t i v i t y  o f  epidermal growth fac to r  and basic f i b r o b l a s t  growth f a c t o r .  
Taken together these r e s u l t s  imp l i ca te  t h a t  rIFN-y exer ts  i t s  ant imi togenic  e f f e c t  by i n -  
h i b i t i n g  a process t h a t  occurs l a t e  i n  the PDGF s i g n a l l i n g  pathway and onto which the ac- 
t i v i t y  pathways of o the r  mitogens converge. Furthermore, they p o i n t  t o  a poss ib le  regula- 
t o r y  r o l e  o f  IFN-y i n  a number o f  processes i n  which PDGF i s  thought t o  be involved, i n -  
c lud ing  woundhealing and the formation o f  p r o l i f e r a t i v e  les ions o f  a r t e r i o s c l e r o s i s .  

c 623 

Two phosphotyrosyl-casein phosphatase inhibitors, termed PTPI-I (MK >500,000) and PTPI-I1 
(MK 36,000), have been detected in and partially purified from bovine brain extracts. 
Both inhibitors are proteins as judged by their inactivation by proteinase K and they 
exhibited remarkable stability during incubation at 95'. Of the seven phosphotyrosyl- 
casein phosphatase activities which have been isolated from bovine brain, PTP-4 and PTP-5 
were most sensitive to the two inhibitor proteins. Inhibition of the other five 
phosphotyrosyl-casein phosphatatases was only observed at very high inhibitor 
concentrations. Inhibition of PTP-5 by PTPI-I OK PTPI-I1 was rapid (maximum effect in <1 
min) and readily reversed upon removal of the inhibitors by dilution. PTPI-I and PTPI-I1 
are distinct from the three heat-stable protein inhibitors of protein phosphatase 1. 
Inhibitor activity with properties similar to PTPI-I and/or PTPI-I1 was detected in 
extracts prepared from rabbit brain, spleen, kidney, liver, heart and adipose tissue and 
from murine T and B cell lines. PTP-4 and/or PTP-5 activity was also detected in extracts 
from each of the tissues and cells and there was a strong positive correlation between 
inhibitor and protein phosphatase specific activities in the extracts. The highest 
activities were detected in spleen and in the T and B cell lines. The results suggest 
that the two inhibitor proteins may be physiological regulators of PTP-4 and PTP-5 
activity and that these proteins may be involved in immune function. The ability of PTPI- 
I and PTPI-I1 to preferentially inhibit PTP-4 and PTP-5 provides an important new criteria 
which can be used to relate PTP-4 and PTP-5 to other phosphotyrosyl-protein phosphatases. 

TWO PROTEIN INHIBITORS OF PHOSPHOTYROSYL-PROTEIN PHOSPHATASE, T. S. Ingebritsen, 
V.M. Ingebritsen and S.K. Lewis, Iowa State University, Ames, IA 50011. 

c 624 AUTONOMIC CONTROL OF GROWTH FACTOR SECRETION INTO RAT PROSTATIC FLUID, Stephen C. 

We have determined that both EGF and bFGF are present in tissue extracts of rat 
Jacobs, Michael T. Story and Russell K. Lawson. 

ventral prostate. 
tissue acid phosphatase. 
normal tissue concentration in parallel with the restoration of prostatic weight and acid 
phosphatase. 

vasa deferentia , seminal vesicles, coagulating glands, and ureters was performed in 400 gm 
Sprague Dawley rats. Urethral catherization with silastic tubing allowed collection of the 
prostatic urethral fluid. Peristaltic pump perfusion at the bladder neck through silastic 
tubing of Tris .15 M NaCl with protease inhibitors provides enough volume to collect the 
prostatic secretion. 

Intravenous epinephrine OK phenylephrine stimulates growth factor release into 
prostatic fluid as measured by incorporation of 3H-thymidine into quiescent human foreskin 
fibroblasts. IV pilocarpine causes a minimal secretion of growth factor activity into rat 
prostatic fluid and this can be partially blocked with phentolamine. IV isoproterenol 
fails to stimulate prostatic secretion of growth factor activity. Using an RIA to mEGF, we 
have found that phenylephrine stimulates the secretion of EGF into rat prostatic fluid. 

control. 

With castration both EGF and bFGF decrease as does prostatic weight and 
Testosterone replacement brings both growth factors back to 

A model has been developed for collecting rat prostatic secretion. Ligation of the 

It appears that prostatic secretions of EGF and bFGF are primarily under -adrenergic 
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c 625 BASIC FIBROBLAST GROWTH FACTOR BINDING SITES IN OCULAR TISSUES DURING 
EMBRYONIC PND POST-N AT PL MOUSE DEVELOPMENT, Jean Claude Jeanny, Nicole 
A Fayein and Yves Courtois, INSERM U. 118, 29 rue Wilhem, 75016 Paris, France. 

Fibroblast growth factors (aFGF and bFGF) can be extracted from bovine retina and brain. We 
have previously shown that they bind specifically t o  basement membranes of mouse embryonlc 
eye structures such as lens capsule, inner l imit ing membrane of the retina... This is also true 
for chick, bovine or human capsules, walls of blood vessels and mouse EHS tumor. In order to  
investigate bFGF implication during mouse embryonic and post-natal development of  the eye, 
we have studied autoradiographically, i t s  binding to  ocular tissues. Frozen sections of  embryos 
( 9  t o  18 days), newborns and adults (1 day to 6 months) were incubated wi th  iodinated bFGF. 
Two controls, unlabelled FGF, heparitinase were done to  assess the specificity and the nature 
of  the binding. There are two types of  FGF binding patterns. One is on the proteoheparan sulphate 
of  the basement membranes, which f i rs t  appears at day 9 around the neural tube, the optic vesicles 
and below the head ectoderm and by day 14 of embryonic development i s  found in a l l  basement 
membranes of  the eye. At day 16, very intensely labelled patches appeared, corresponding to  
mast cells which have been characterized by metachromatic staining of  their heparin r ich granu- 
lations wi th  Toluidin Blue. Beside the latter binding, which can be a storage form, we have always 
observed a general diffuse distribution of silver grains on a l l  tissues and preferentially in the 
ecto- and neuroectodermic tissues. From day 17-18, there i s  heterogenous labelling inside the 
retina, localized i n  four dif ferent neural layers and in  the pigmented epithelium. This one may 
correspond to  a specific binding on cel l  receptors. Both types of  binding patterns observed suggest 
a significant role for bFGF in  eye development and physiology. 

c 626 

We are s e l e c t i v e l y  expanding c y t o t o x i c  e f fector  lymphocytes with s p e c i f i c i t y  f o r  
autologous r e n a l  c e l l  cancer (RCC) from pe r iphe ra l  b lood and tumor d ra in ing  lymph nodes. 
I n i t i a l  s tud ies  with PBLs from normal donors demonstrate a f t e r  7 days i n  c u l t u r e  moderate 
or s i g n i f i c a n t  responses t o  s t imu la t i on  with anti-CD3 or IL-2 respec t i ve l y  with h i g h l y  
s i g n i f i c a n t  synergy when the two a re  combined. 
synerg is t ic .  
alone. 
c y t o l y t i c  assays, IL-2 versus IL-2+anti-CD3 st imulated c e l l s  have equiva lent  f u n c t i o n a l  
capaci ty  t o  mediate LAK-l ike and CTL k i l l i n g .  
response. C e l l s  s t imulated with a n t i  CD3+ alone or with IL-2 or IL-4 are ac t i va ted  t o  
coexpress high l e v e l s  o f  mature T c e l l  markers and the  IL-2 receptor. 
RCC d ra in ing  lymph nodes p r o l i f e r a t e  l e s s  w e l l  than normal PBLs, b u t  with a s i m i l a r  
pat tern.  I f  the lymph nodes are i n i t i a l l y  depleted o f  a pos tu la ted  suppressor c e l l  
populat ion bear ing surface OKMl and Leu 7, p r o l i f e r a t i o n  i s  markedly enhanced. 
together  these r e s u l t s  demonstrate the  e f f i c a c y  o f  employing d i f f e ren t  combinations o f  
lymphokines t o  r a p i d l y  expand a populat ion o f  c y t o l y t i c  lymphocytes from pe r iphe ra l  b lood 
o r  lymph nodes f o r  imunotherapeut ic  protocols .  

GENERATION OF TUMOR CYTOTOXIC LYMPHOCYTES I N  RENAL CELL CARCINOMA, 
L. A. Kerr, H. Zincke, 0. J. McKean, Mayo C l i n i c ,  Rochester, MN 55905. 

IL4+anti-CD3 are a l so  s i g n i f i c a n t l y  
P r o l i f e r a t i o n  o f  r e s t i n g  PBLs t o  IL-2 and IL-4 i s  lower than with IL-2 

I n  The e f f e c t  on p r o l i f e r a t i o n  o f  IL-3 i s  smal l  and a d d i t i v e  i n  most cases. 

IL-4+ant i  CD3 ac t i va tes  predominantly a CTL 

Three ou t  o f  f i v e  

Taken 

c 627 I N  V I V O  EFFECTS OF RECOMBINANT HUMAN GM-CSF ON HEMATOPOIESJS I N  CYNOMOLGUS MONKEYS 
0. Krumwieh and F.R. Se i l e r ,  Behringwerke AG, Research Laboratories, 
P.O. Box 11 40, 3550 Marburg/Lahn, FRG 

One o f  t he  major human hematopoietic growth and d i f f e r e n t i a t i o n  fac to rs ,  t h e  granulocyte- 
macrophage colony s t imu la t i on  f a c t o r  (GM-CSF)*, has been molecular ly  cloned from HUT 
1,;*". The gene product has been expressed i n  E .co l i  and yeast  and i s  ava i l ab le  as a h igh-  
l y  p u r i f i e d  p ro te in .  To study the  i n  v i vo  ef fect iveness o f  t he  g l ycos i l a ted  versus the 
non-g lycos i la ted human GM-CSF, cynomolgus monkeys were t rea ted  f o r  10 consecutive days. 
Admin is t ra t ion o f  100 pg/kg GLJ-CSF resu l ted  i n  a d r a s t i c  increase i n  the  per iphera l  whi te  
blood c e l l s  (WBC) up t o  70x10 c /p l ,  a p la teau was reached a t  day 5-6. This r e s u l t  could 
be achieved w i t h  both CSF's i n d i c a t i n g  t h a t  t he  main increase o f  WBC w i t h  respect t o  abso- 
l u r e  granulocyte number i s  no t  dependent on g l y c o s i l a t i o n  o f  t he  p ro te in .  Increase i n  d i f -  
f e r e n t  granulocyte subpopulations were s tud ied by s t a i n i a g  the  c e l l s  w i t h  granulocyte spe- 
c i f i c  monoclcnsi a,iLibodies us ing the  APAAP method. The potency o f  GW-CSF i s  independent 
o f  the admin i s t ra t i on  rou te  ( i . v .  o r  s .c . ) ,  as could be denonstrated w i t h i n  the same an i -  
mals. These r e s u l t s  i n d i c a t e  an e f f e c t i v e  way f o r  c l i n i c a l  app l i ca t i on  o f  GM-CSF and i t s  
r o l e  i n  d i ve rs  hematological de f i c ienc ies .  
** 1. Can t re l l  et al.,  PNAS, Vol. 82, 6250 ff, 1985 
* -  GM-CSF i s  j o i n t l y  developped by Immunex Corporation Seat t le ,  USA and Behr ingwerkd 

Hoechst AG, FRG 
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c628 TRANSFORMING GROWTH FACTOR-@: MUTATION OF ASPARTIC A C I D  47 AN0 LEUCINE 48 
RESULTS I N  DIFFERENT BIOLOGICAL A C T I V I T I E S .  E l i a n e  LAZAR1 12, S h i n i c h i  WATANABEI, 
Stephen DALTON], R ik  DERYNCK 3 and Michael  B. SPORNI. I -  N C I ,  NIH, Bethesda, 
MO 20892 ; 2 - IRSC, BP 8, 94802 V i l l e j u i f ,  France ; 3 - Genentech, South 
San Franc isco ,  CA 94080. 

To study the  r e l a t i o n s h i p  between the  pr imary  s t r u c t u r e  o f  TGF-d and some o f  i t s  f u n c t i o n a l  
p roper t i es  ( compe t i t i on  w i t h  EGF f o r  b i n d i n g  t o  t h e  EGF recep to r  and i n d u c t i o n  o f  
anchorage-independent g rowth) ,  we in t roduced s i n g l e  amino a c i d  muta t ions  i n  t h e  sequence 
f o r  t he  f u l l y  processed, 50 amino a c i d  human TGF-4. The w i l d  t ype  and mutant p r o t e i n s  were 
expressed i n  a vec to r  us ing  a yeas t  o( mat ing  pheromone promoter.  Muta t ions  o f  two amino 
acids t h a t  a re  conserved i n  t h e  f a m i l y  o f  t h e  EGF-l ike pept ides  and a re  l oca ted  i n  the  
carboxy te rm ina l  p a r t  o f  TGF-d resu l ted  i n  d i f f e r e n t  b i o l o g i c a l  e f f e c t s .  When a s p a r t i c  a c i d  
47 i s  mutated t o  a lan ine  o r  asparagine, b i o l o g i c a l  a c t i v i t y  i s  r e t a i n e d  ; i n  con t ras t ,  
s u b s t i t u t i o n s  o f  t h i s  res idue  w i t h  se r ine  o r  g lu tamic  a c i d  generate mutants w i t h  reduced 
b ind ing  and co lony  fo rming  capac i t i es .  When l e u c i n e  48 i s  mutated t o  a lan ine ,  a complete 
l oss  o f  b ind ing  and co lony- fo rming  a b i l i t i e s  r e s u l t s  ; mutants o f  l e u c i n e  48 t o  i s o l e u c i n e  
o r  meth ion ine  have very  low a c t i v i t i e s .  Our da ta  suggest t h a t  these two ad jacent  conserved 
amino ac ids  i n  p o s i t i o n s  47 and 48 p l a y  d i f f e r e n t  r o l e s  i n  d e f i n i n g  t h e  s t r u c t u r e  and/or 
b i o l o g i c a l  a c t i v i t y  o f  T G F - d ,  and t h a t  t h e  carboxy te rminus  o f  TGF-o( i s  i nvo l ved  i n  
i n t e r a c t i o n s  w i t h  c e l l u l a r  TGF-d recep to rs .  The s i d e  c h a i n  o f  l e u c i n e  48 appears t o  be 
c r u c i a l  e i t h e r  i n d i r e c t l y  i n  de termin ing  t h e  b i o l o q i c a l l y  a c t i v e  conformat ion  o f  TGF-d o r  
d i r e c t l y  i n  t h e  molecu la r  r e c o g n i t i o n  o f  TGF-d by i t s  recep to r .  

C629 AUTOGENOUS GROWTH FACTORS: THEIR POSSIBLE ROLE I N  THE GENESIS OF 

A.N. Somers and C.C. Harris, Laboratory of Human Carcinogenesis, NCI. 
Bethesda, MD 20892. The growth factor requirements of normal human 
mesothelial (NHI) cells and a non-tumorigenic SV-40 T-antigen gene 
transformed 'imnortal' variant have been identified. Both cultures need 
insulin (INS), high density lipids (HDL) and any one of several growth 
factors, e.g.. epidermal or fibroblastic growth factor, or interleukin 1 and 
2, or transforming growth factor beta (TGF-$), interferon$ andf, or 
platelet derived growth factor (PDGF). Growth stimulation by the latter 3 
factor families was unexpected; interferons and TGF-9 usually inhibit 
epithelial cell growth and epithelial cells were not known to have PDGF 
receptors. Since in the presence of INS and HDL many different factors are 
mitogenic, we are testing if putative autocrine growth factors play a role in 
the asbestos caused neoplastic transformation of NHI cells. We have found 
that nesothelioma cell conditioned nedia will support the growth of the same 
cells when cultured at low cell densities. In addition, whereas NHI cells do 
not have detectable levels of u. IL-1 or TGF-o(mRNAs, many mesothelioma 
cell lines produce slp. mRNA (and a growth promoting activity that is 
neutralized by anti-PDGF antiserum). one expresses It-1 mRNA. and TGF-O(mRNA 
has been detected in several others. Thus, autogenous growth factor 
production appears to be a common characteristic of nesotheliona cells. 

IESOTHELIOIA, J.F. Lechner. B.I. Gerwin, I. A. LaVeck, R.R. Reddel, 

C 630 STIMKATION OF IDMTOPOIESIS IN CANINES BY IN VIVO AI~INISTRATION OF RECOIIBINANT 
A I R U N  GM-CSF (rhQl-CSF). Thomas J. MacVittT, m e l e  M. D'Alesandro, Rodney L. 

Monroy, Ann Farese, Myra L. Patchen, Steven Clark, and Robert Donahue. Armed Forces 
RadiGbiology Research Institute, Bethesda, MD 20814 and Genetics Institute, Cambridge, MA. 
Recombinant human GM-CSF was injected subcutaneously (3X daily) for 4 consecutive days at 
various doses into normal healthy cani es (beagles, 9-11 kg). Marrow-derived granulocyte- 
macrophage progenitors (GM-CFC) per 10 mononuclear cells and peripheral hematologic values 
[total white cells (WBC), neutrophils (PMN), monocytes, lymphocytes, platelets], were de- 
termined at selected intervals during and after the injection period. Fluorescent flow 
cytometry and chemiluminescence were used to measure transmembrane potential changes, in- 
tracellular hydrogen peroxide production and respiratory burst activity, respectively, in 
isolated peripheral blood P M N s .  Total WBC ecreased gradually peaking at day 6 ( 2  days 
after cessation of rhGM-CSF injection, 4 x 10 u/kg/day) at values 220% of baseline. PM"s 
(segmented and band forms) accounted for the increase. In contrast, platelets decreased to 
30% of baseline after 4 days of the rhGM-CSF injection, remained at that level for 2d and 
gradually returned to normal levels by day 9.  Marrow-derived GM-CFC increased to values 
300% of baseline within 4 days, maintained that level of activity through 7 days and de- 
creased to normal levels by day 10-14. Isolated neutrophils showed a variable response 
relative to increased biochemical activity throughout the administration of rhGM-CSF. 
Injection of rhGM-CSF into canines elicited significant increases in marrow granulopoiesis 
and peripheral neutrophils while inducing significant thrombocytopenia. 
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C 631 ROLE OF GRANULOCYTE MACROPHAGE STIMULATING FACTOR IN THE PROGESSION OF MYELOID 
LEUKEMIA CELL PROLIFERATION: AN AUTOCKINE PROCESS?, Patrice Mannoni*. Antonio 

Tabilio, Tom Mueller*, Marie J. Pebusque*, Franca Falzetti, and Francoise Birg*, [ *  Inserm 
U.119-Marseille (France) and University of Perugia (Perugia (Italy]. Colony Stimulatin 
Factor (CSF) are polypeptide hormone-like growth factors which regulate growth and 
differentiaion of haemopoietic cells comitted to myelo-monocytic patway. Acute myeloid 
leukemias (AML) can be seen as an expression of clonal population of myeloid cell which 
express an uncoupling of proliferation and differentiation. 
liquid culture method the response of leukemia cells to CSF and more precisely to human 
recombinant Granulocyte-Macrophage (GM-CSF) was investigated at several levels: 
- 1 Biological responses of leukemic cells to the addition of GM-CSF in a liquid culture 
system. - 2 Expression of mRNA specific for GM-CSF in the leukemic blast cell population. 
- 3 GM-CSF activity in supenatants of leukemia cell cultures. We conclude from this study 
that : -1 Most of the myeloid leukemia cells studied ( 2 4  cases): respond to the addition 
of recombinant GM-CSF by an induction or an increase of proliferation without induction of 
differentiation. -2 The expression of the mRNA specific for GM-CSF was observed in high 
percentage of tested leukemias. -3 CSF like activity was found in the supernatant of 
cultured leukemlc cells. This activity was assessed by the induction of CFU-GM colonies 
from normal bone marrow progenitors an by specific activities on M-CSF responding cells. 
Thus these observations support the bypothesis that an autocrine mechanism involving GM- 
CSF is responsable for the clonal expansion of most of human acute myeloid leukemias. 

Therefore using an in vitro 

C632 A CUMPAHISON OF THE BIOLOGICAL ACTIVITIES OF PDGF-BE AND TGF-I31 
U O ,  J. McPherson, B. Pratt, Y.  Ogawa, S. Sawamura and G. Ksander, 
Lollagen Corporation, Palo Alto, CA 94303; M. Murray and J. 
borstrom, Zymoqentics Inc., Seattle, WA 98103. 

Platelet-derived growth factor (PDGF-Be) and transformlng growth factor 
beta lorm 1 (TGF-(31) were delivered to the guinea pig subcutls, over 8 
days, using Alza mini-osmotic pumps. The anlmals were sacrificed; the 
pumps and associated tibrous capsules were surgically removed. At doses 
ranging from ( d . 1  to 1 0  ug/day, both factors promoted dose-dependent 
increases in: 1 )  wet and dry welghts; 2 )  total protein; 3 )  collagen; 4) 
GAGS; and 5 )  DNA content of the capsules. At equivalent doses, TGF-R 
induced signifcantly greater capsular dry weights and GAG content (pri- 
marily hyaluronate), whereas PDGF-BE promoted a more cellular response as 
judged by DNA content of the capsules. When normalized to DNA content, 
TGF-B caused dose-dependent increases in capsular protein, collagen and GAG 
levels, while PDGF caused dose-dependent decreases in these same parame- 
ters. Histological observations conlirmed biochemical analyses and further 
showed the increased cellularity of PDGF-induced capsules was partly due to 
increased levels of inflammatory cells in these capsules. Alclan blue 
stained sections of TGF-R-induced capsules revealed relatively hlgh levels 
of neutral GAGS which seemed to be associated with capsular edema. These 
results are consistent with in vitro activities reported for these factors. 

C 633 ADENOSINE IS A GROWTH FACTOR FOR ENDOTHELIAL CELLS, Cynthia J. Meininger, 
Margaret E. Schelling and Harris J. Granger, Texas A&M Univ, College Station, TX 77843. 

The proliferation of bovine aortic or coronary venular endothelial cells (EC) in vitro was stimulated 
by the addition of adenosine (0.5 pM or 5.0 pM) to the culture medium. Cell counts of adenosine- 
treated EC were 18-63% greater than non-treated controls. An even greater stimulation of EC 
proliferation was observed when the poorly metabolizable adenosine agonists, N6- 
cyclopentyladenosine and 5'-(N-cyclopropy1)-carboxamido-adenosine (5 nM. 50 nM or 500 nM), 
were utilized. Cell counts of agonist-treated EC were 18-167% greater than non-treated controls. 
The catabolic byproducts of adenosine, inosine and hypoxanthine, did not stimulate endothelial cell 
proliferation when added at the same concentrations as adenosine (0.5 pM and 5.0 pM). The 
addition of the adenosine receptor blocker 8-phenyltheophylline (10 pM) prevented the stimulation 
of proliferation caused by adenosine, suggesting that adenosine mediates its effect via an external 
membrane receptor. A dose-response experiment for adenosine did not demonstrate a dose- 
dependent response of EC to adenosine stimulation, perhaps indicating that a maximal response 
had been achieved at the lowest dose. When the concentration of fetal calf serum in the culture 
medium was reduced to 4% (compared to 20% in the previous experiments) a clear dose- 
dependency could be seen. These results suggest that adenosine might potentiate other growth 
factors known to be present in fetal calf serum. The exact mechanism by which adenosine 
stimulates endothelial cell proliferation remains to be elucidated. (Supported by NIH grant 
#HL21498) 
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C 634 INTE?IACI2AT:MI MID ClNlTED PKTEOLYSIS OF FIBROBLAST GRMH FACTOR. LOtlG-TIME LIFE OF THE RESULTIHG PEPTIDES, 
Noenner Nichel, Zaki Leila, Badet Josette, and Barritault h i s ,  Universite Paris XII, kpt Biotechnology, Avenue 
chi General de Gaulle - 94010 Crete11 - France. 

hen  incubated a t  3: 'C on Chinese hmter fibroblast (CCM), lZ5I bFGF bound to  cells i n  such a way that this 
association became progressively insensitive to  acidic (pH 2.5) or trypsic treatment. This indicates that the grwth factor 
was internalized by these cells, presumably i n  accordance w i t h  the c m n  scheQIles described for the interactions between 
other growth factors and target cells. 

Hwever, kinetic analyses of the cell-associated radioactivity &wed that a substantial value of the initially 
internalized radioactivity remained intracel lularly associated, even after a prolonged incubation time over 24 hours, and i n  
normal grwing conditions for cells. Analyses of this internalized radioactivity by NaDodSo4-PAGE revealed the existence of 
labeled peptides issued frm the processing of the native bFGF form (17 kD) and migrating respectively at 10 kD and 8 
kD. Similar data were found using lzl-labeled acidic FGF (15 kD), giving rise to  12 and 8 kD peptides. 

I n  order to determinate the origin of this observation, 1251 bFGF was allwed to internalize a t  31 'C w i t h  increasing 
concentration of non-labeled bFGF. Results indicated that up to one hour, bFGF was preferentially internalized by 
high-affinity receptors whose kD cl~sely correlates with the one precedently described for the interaction at 4'C of the 
grwth factor on Bovine Epithelial lens cells and other cell lines including CCL39. This suggests that part of the lZ5I bFGF 
associated with high affinity receptors may be consequently converted to 10 and 8 kD peptide forms. A hypothesis which is 
found consistent with the facts that i )  The degraded fom of lz51 bFGF are readily detectable i n  cells incubated with the 
growth factor at  0.6 pK, a value 80-fold lwer than the high affinity kD (50 pM) i i )  the appearance of these peptides is 
independent of whether cells were or were not incubated with heparin or pretreated w i t h  heparinase. 

possible way to interact with this processing, and to estimate its potential physioiogical relevance. 
F i n a l l y  scme well-knm enzyme inhibitors were successfully tested on the degradation pattern of the bFGF, suggesting a 

c 635 PHARMACOLOGICAL MODULATION OF RABBIT AND HUMAN CORNEAL ENDOTHELIAL CELL 
PHENOTYPIC EXPRESSION IN VITRO, Anhur H. Neufeld, Erika D. Matkin, Nancy C. Joyce and 
Marcia M. Jumblatt, Eye Research Institute, Boston, MA 02114. 

A monolayer of endothelial cells on the posterior surface of the cornea is responsible for 
maintaining corneal transparency. To understand the cellular and molecular mechanisms involved 
in corneal endothelial function and repair, we studied the effect of epidermal growth factor (EGF) 
and indomethacin (INDO) on cultured rabbit corneal endothelial cells. Under basal conditions, 
confluent monolayer cultures exhibited a polygonal shape and polarized distribution of cellular 
organelles characteristic of cells in vivo. Rh-phallicidin staining of these cells revealed 
circumferential bands of F-actin at the cell periphery. In the presence of 10 pg/ml EGF and/or 1.0 
pM INDO, confluent cells became markedly elongated, lost their polarity and tended to overlap one 
another - characteristics typical for cells migrating into a wound area. Such treatment also resulted 
in a redistribution of actin filaments into a diffuse cytoplasmic reticulum. Normal phenotypic 
expression was maintained in cells treated with EGF, INDO and 0.5 pg/ml PGE2. Similarly, cultured 
human corneal endothelial cells elongated when grown in EGF and/or INDO. Cells phenotypically 
modulated with these agents appeared to produce more Type I11 collagen and fibronectin than 
polygonal cells. Some change in the relative production of Type IV collagen and laminin also 
appeared to occur after EGF or INDO treatment. 
of EGF, INDO and PGE2 resulted in retention of normal polygonal shape. 
pharmacological agents can modulate the phenotype of cultured human and rabbit corneal 
endothelial cells and suggest that growth factors and drugs which influence the arachidonic acid 
pathway may be useful in treating corneal endothelial wounds. 

Growth of human endothelial cells in the presence 
Our results indicate that 

C 636 A MONOCLONAL ANTIBODY INHIBITS EFFECTS OF IL-3 IN V I V O .  P .  Orban, H.J. Z i l t e n e r  
and J.W. Schrader.  The Biomedical Research Centre ,  The Universi ty  of B r i t i s h  
Columbia, Vancouver, BC, Canada. 

Murine IL-3 i s  a hemopoietic growth f a c t o r  whose only physiological  source i s  t h e  
ac t iva t ed  T c e l l .  I t  is ,  however, unique i n  i t s  breadth of a c t i v i t y ,  being capable of  
support ing t h e  growth of co lon ie s  of a l l  hemopoietic c e l l s  o the r  than those  committed t o  
t h e  lymphoid s e r i e s .  I t  has not  been poss ib l e  t o  d e t e c t  endogenous IL-3 in  vivo o the r  
than in  s i t u a t i o n s  of massive immune s t imu la t ion  such a s  g ra f t -ve r sus -hos t  d i s e a s e ,  
however, t he  abe r ran t  autost imulatory production of IL-3 by hemopoietic c e l l s  has 
implicated t h e  molecule in  t h e  pathogenesis  of a number of murine leukemias.  
previously been shown t h a t  t h e  presence in  per ipheral  t i s s u e s  of a l o c a l i s e d  nodule of 
t h e  WEHI-36 myelo-monocytic leukemia, r e s u l t s  i n  t h e  s t imu la t ion  of s p l e n i c  hemopoiesis 
with t h e  p r o l i f e r a t i o n  of var ious c e l l s  notably "IL-3 dependent" mast c e l l s  and t h e i r  
precursors .  Here we show t h a t  a monoclonal ant ibody t o  IL-3 blocks t h i s  s t imu la t ion .  
The antibody-mediated i n h i b i t i o n  supports  t h e  content ion t h a t  t h e  response i s  due t o  IL-3 
r e l eased  by t h e  tumour, and sugges t s  t h e  p o s s i b i l i t y  of t h e  t h e r a p e u t i c  po ten t i a l  of 
monoclonal an t ibod ie s  i n  c e r t a i n  myeloid leukemias.  

I t  has 
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C 637 BIOLOGICAL ACTIVITIES OF NERVE GROWTH FACTOR BOUND TO NITROCELLULOSE PAPER BY 
WESTERN BLOTTING, B. Pettmann, J.A. Powel l ,  M. Manthorpe and S. Varon, U n i v e r s i t y  
o f  C a l i f o r n i a  San Diego, La J o l l a ,  CA 92093. 

A c e l l - b l o t  technique was p r e v i o u s l y  developed t o  v i s u a l i z e ,  d i r e c t l y  i n  t i s s u e  e x t r a c t s ,  
molecules t h a t  d i s p l a y  the  b i o l o g i c a l  a c t i v i t y  o f  C i l i a r y  Neuronotrophic Fac tors  (CNTFs). 
Th is  techn ique invo lves  SDS-PAGE o f  t he  t i s s u e  e x t r a c t ,  Western b l o t t i n g  on n i t r o c e l l u l o s e  
paper, neuronal  c e l l  c u l t u r e  on the  paper and, us ing  a v i t a l  dye, v i s u a l i z a t i o n  o f  t he  
neurons which s e l e c t i v e l y  s u r v i v e  on the  t r o p h i c  f a c t o r  band. 

I n  the  present  study, we show t h a t  1) t h e  26 kD Nerve Growth Fac tor  (NGF) dimer e i t h e r  
p u r i f i e d  o r  i n  a crude e x t r a c t  f rom submax i l l a ry  glands, can be success fu l l y  recogn ized 
us ing  a s l i g h t l y  mod i f i ed  c e l l - b l o t  technique -- thus, capable o f  ope ra t i ny  a f t e r  sur face  
anchorage; 2 )  a v a r i e t y  o f  gang l i on i c  neurons can be used t o  probe e i t h e r  NGF o r  CNTF 
i n  p rec i se  correspondence w i t h  t h e i r  known responsiveness i n  more t r a d i t i o n a l  neuronal  
cu l tu res ;  3 )  w h i l e  CNTF and NGF bo th  suppor t  t he  s u r v i v a l  o f  t h e i r  common t a r g e t  c e l l s ,  
o n l y  NGF a l s o  promotes n e u r i t i c  ex tens ion .  
Supported by NINCDS g r a n t  NS-16349 and the  INSERM t o  B.P. 

c 638 TGF-B INCREASES T H E  EXPRESSION O F  FIBRONECTIN A N D  O F  T H E  FIBRONECTIN 

Y3mrJa2 ,  S.K. Akiyamaz,s, W.T. Chen', K.M. Yarnadaz a n d  J.A. McDonald', Washington Univ., St. 
Louis, MO'; NCI/NIHZ; Howard  U.Med.Sch.', a n d  Georgetown M . S C ~ . ~ .  

TGF-B dramatically increases fibronectin (FN)  expression a n d  deposition in  matrix.  Because we found 
the d imer ic  fibronectin receptor complex (FNR)  is involved in  F N  matrix deposition, we hypothesized 
tha t  TGF-B increases F N  mat r ix  assembly by increasing expression of the F N R  as well as of FN. 
Using antibodies a n d  cDNA probes to F N  a n d  to the a lpha  (A) and  beta (B) subunits of the FNR,  we 
found tha t  TGF-B increased F N R  a n d  F N  protein synthesis a f t e r  8 a n d  12 h, respectively. The  
increases were 10-30 fold compared wi th  serum starved control f ibroblasts by  48 h. Increased F N  and 
F N R  protein synthesis was accompanied by increases in  steady-state mRNA levels. TGF-B increased 
FN mRNA levels 5, 10 a n d  15 fo ld  compared to  serum-starved control f ibroblasts a t  12, 24, a n d  32 h i  
respectively. T h e  stimulatory e f fec t  of TGF-B (100pM) on  F N R  m R N A  levels occurred within 4 h and 
peaked a t  24 h. There  were 3-fold increases in FNR-A a n d  FNR-B m R N A  levels. Actinomycin D 
(400ng/ml) blocked the TGF-B induccd increases in  the F N  and  F N R  mRNAs. Cycloheximide 
(20mg/ml) also blocked the TGF-B mediated increase in  F N  mRNA. We conclude tha t  TGF-B, a 
polypcptide growth fac tor  implicated in  cnihryogenesis and  in the  fibroproliferative response to tissue 
injury,  increases synthesis of F N  a n d  of both subunits of the FNR.  This  increase is mcdiated v i 3  
corresponding increases in  their  mRNAs a n d  is in part  transcriptionally regulated. 

RECEPTOR COMPLEX IN FIBROBLASTS. C.J. Roberts', T.M. Birkenmeier', J. McQuillan', S.S. 

C640 IL2-INDUCED GENES IN A CLONED T LYMPHOCYTE: EXPRESSION OF 
GLYCOLYTIC ENZYME mRNA FOLLOWING IL2 STIMULATION Daniel E. Sabath 
and Michael B. Prystowsky, Department of Pathology and Laboratory 
Medicine, University of Pennsylvania 

I L 2  induced cDNA clones were isolated from a cDNA library by differential 
hybridization. Partial sequence information was obtained for four 
different clones. Three of the clones had strong similarity to the 
qlycolytic enzymes qlyceraldehyde 3-phosphate dehydroqenase, 
triosephosphate isomerase, and non-neuronal enolase. The fourth was weakly 
similar to pyruvate dehydroqenase. When used as probes in RNA blot 
analysis, all clones hybridized to mRNA species that were induced by I L 2  in 
the cloned T helper cell L2, with RNA levels increasing from 2 to 11-fold 
over levels in unstimulated cells. RNA levels were maximal at 24 hours 
after I L 2  stimulation, when the cells were in late G1 or early S phase of 
the cell cycle. Given the similar patterns of expression, and the 
functional relationships between these qlycolytic enzymes, these findings 
suggest possible coordinate regulation of expression of these genes 
following IL2 stimulation. 
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c 641 CELL LlNES DERlVED FROM HUMAN FIBROSARCOhlAS AND HUMAN FIBROBLASTS 
TRANSFORMED IN CULTURE SPONTANEOUSLY OR AFTER CARClNOGEN TREAT - 

MENT EXHlBlT GROWTH FACTOR INDEPENDENCE, Robert J. Schilz, Veronica M. Maher, and 
J. Justin McCormick, Michigan S ta t e  University, East Lansing, MI. 48824-1316. 
Five cell lines derived from human fibrosarcomas, three cell lines from human fibroblasts 
transformed by carcinogen t reatment  and one spontaneously transformed human fibroblast cell 
line were tested for their ability t o  form tumors when injected into x-irradiated, athymic mice 
and for their ability t o  grow in serum-free medium (Ryan et al., Exp. Cell. Re., 172: 318-328, 
1987) containing low concentrations of Ca++ (0.1 mM), but no peptide growth factors. Four of 
the five sarcoma-derived cell  lines and three of t he  other cell lines produced progressively growing 
tumors at the s i te  of injection, but with variable latent periods. In the  presence of a low 
concentration of calcium, all nine cell lines grew in serum-free medium in the absence of exogenous 
protein growth factors. Non-transformed cells would not replicate in this medium. Two distinct 
patterns of growth in response t o  exogenously added growth factors were observed in the nine 
cell lines tested. One class replicated a s  rapidly in the absence of growth factors as  in the presence 
of 10% serum or when PDGF or EGF or insulin or Ca++ at  1.0 mM was added t o  the  serum-free 
medium. The other class replicated in serum-free medium but still showed an increase in their 
r a t e  of replication in response to  exogenously added growth factors. These results suggest that  
growth factor independence is one of the changes that  must be acquired by human fibroblasts 
in the process of malignant transformation. This work was supported by DOE Grant 
DE-F602-87ER-60524 and DHHS CA21289. 

C642 ANTIGENIC COMPONENTS OF A RAT c GLIOMA CELL LINE AS REVEALED BY MONOCLONAL 
ANTIBODIES, Ela  Sharma and S h a d  K .  Sharma,All I n d i a  I n s t i t u t e  of Medical 

Sciences,New Delhi ,  Ind ia .  
I n  an at tempt  t o  s tudy  t h e  a n t i g e n i c  determinants  t h a t  modulate wi th  d i f f e r e n t i a t i o n  
monoclonal an t ibod ie s  have been r a i s e d  t o  C6 glioma c e l l s .  The e a s e  wi th  which t h i s  c e l l  
l i n e  can be experimently maipulated i n  c u l t u r e  i n t o  two d i f f e r e n t  phases comprising the  
a c t i v e l y  p r o l i f e r a t i n g  and t h e  morphological ly  d i f f e r e n t i a t e d  c e l l s  has  been p a r t i c u l a r l y  
u s e f u l  i n  such s t u d i e s .  I n d i r e c t  immunofluorescence s t u d i e s  r evea led  t h a t  t h e  r ap id ly  
p r o l i f e r a t i n g  c e l l s  showed a uniform s t a i n i n g  a l l  over  t h e  c e l l  body l eav ing  t h e  nucleus 
dark.  D i f f e r e n t i a t e d  c e l l s  e x h i b i t e d  a g rad ien t  of f l uo rescence  a t  one end of t h e  c e l l  
i n f e r r i n g  t h a t  d i f f e r e n t i a t i o n  is accompanied by p o l a r i z a t i o n  of t h e  an t igen .  When 
d i f f e r e n t i a t e d  c e l l s  were r e v e r t e d  back t o  t h e  r a p i d l y  p r o l i f e r a t i n g  s t a t e  t he  g rad ien t  
was l o s t  and the  a n t i g e n  r e d i s t r i b u t e d  uniformly. Antibodies  d i d  n o t  c r o s s  r e a c t  with 
va r iuos  c e l l  l i n e s  and normal r a t  t i s s u e s .  A number of r a t  t i s s u e s  inc lud ing  brain,kidney 
and lung when put  i n  primary c u l t u r e  were p o s i t i v e  sugges t ing  t h a t  t h e  an t igen  may be 
e i t h e r  appearing o r  being unmasked when t h e  t i s s u e  i s  pu t  i n  c u l t u r e .  The work on t h e  bio-  
chemical c h a r a c t e r i s a t i o n  of t h e  a n t i g e n  i s  i n  p rogres s .  

C 643 THE PRODUCT OF THE ddd+ GENE OF DROSOPHlLA IS REGUIRED FOR 
THE SYNTHESIS OF A FACTOR WHICH REGULATES THE GROWTH OF 

SPECIFIC IMAGINAL DISCS, Allen Shearn, Amanda Simcox, Cynthia Bennington, and 
Evelvn HersDeraer, DeDartment of Biology. Johns Hopkins University, Baltimore, _ _  
Mailand,21218.- ' 

The lethal mutation of DrosoDhila which oriainallv identified the defective dorsal discs 
gene, dddL6, causes the dorsal thoracic imainal discs (wing, haltere, and humerus) to be 
extremely small or absent (Shearn et al., 1971). Mutant wing discs do not develop 
normally if transplanted into normal larvae. So, the expression of the mutation is 
disc-autonomous (Simcox et al., 1987). Wing disc mosaics produced by somatic 
recombination and wing disc chimaras produced by cell or nuclear transplantation do 
develop normally. So, the expression of the mutation is not cell-autonomous (Wurst et al., 
1984; Simcox et al.. 1987). These results have led us to propose that the ddd+ gene 
product is required for the synthesis of a factor which regulates the growth of wing and 
other dorsal thoracic discs and that this factor can be transferred between cells of a disc. 
This poster describes the phenotype of ddd mutations, the results of nuclear transplants, 
and the use of an insertion mutation to clone the gene. 
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c 644 IDENTIFICATION AND CLONING OF A MURINE cDNA ENCODING PCNAJCYCLIN, AN INTERLEUKIN 

Pathology and Laboratory Medicine, University of Pennsylvania, Philadelphia, Pennsylvania 

whose synthesis is increased and nuclear distribution changes as cells, including IL2- 
stimulated T cells, proliferate. A cDNA library constructed in XgtlO from polyA RNA of 
rIL2-stimulated clone murine T helper cells (L2 cells, in late GI) was probed with a cDNA 
encoding rat PCNA/cyclin. Plaques (.01%) hybridized with the rat cDNA; these positive 
plaques were replated and rescreened. Phage DNA from 14 positive plaques was isolated and 
subjected to Southern blot analysis. Inserts from 6 plaques hybridized with the rat PCNA/ 
cyclin probe. Clone H5.3 was subcloned into phage m13mp18, and the nucleotide sequence of 
180 bases 5' and 254 bases 3' were determined. The 5' end was 84% and 79% homologous to the 
5' end of rat and human PCNAIcyclin cDNA's, respectively, with the exception of a region 
spanning 30 bases not present in the murine cDNA. 
or non-coding regions of either rat or human cDNA's. A Northern blot prepared from rIL2- 
stimulated L2 cells was probed with H5.3. Relative densitometric analysis demonstrated a 
6-fold increase in PCNA/cyclin message Ih after stimulation and a maximal (32-fold) increase 
at 25h. At 9h, in the presence or absence of cycloheximide, the level of PCNAlcyclin message 
was stimulated 12-fold and &fold, respectively. Southern blot analysis of human genomic 
DNA, probed with H5.3, provided evidence that the PCNA/cyclin gene may exist as a single 
copy in the human genome. 

2-RESPONSIVE GENE. P.M. Shipman, D.E. Sabath. P.G. Comber and M.B. Prystowsky. 

Proliferating cell nuclear antigen (PCNA)/cyclin is an acidic non-histone nuclear protein 

The 3' end was not homologous to coding 

C645 RESPONSE OF PRIMARY HUMAN LUNG CARCINOMAS TO AUTOCRINE GROWTH 
FACTORS PRODUCED BY A549 LUNG CARCINOMA CELLS, Jill M. Siegfried, 

Environmental Health Research and Testing, Inc., Research Triangle Park, NC 
27711. 
The effects of medium conditioned by the lung carcinoma cell line A549 on 
cells derived from primary lung carcinomas were examined. Conditioned medium 
(CM) was added to cultures of minced tumor tissue at a concentration of 50%, 
and used to produce primary colonies of tumor cells. These cells were 
harvested and used in quantitative assays to demonstrate growth stimulation 
by CM. Both colony formation in monolayer culture and in agar culture were 
measured. Using CM, primary cultures were obtained in 2 0 / 2 1  cases (adeno- 
carcinoma, squamous cell carcinoma, and large cell carcinoma). Subcultures 
were obtained in 12/21 cases to date, and cell lines were established in 5 of 
these 12. These cultures contained neoplastic epithelial cells as evidenced 
by production of keratin, presence of desmosomes, tumorigenicity in immuno- 
deficient mice, and expression of tumor markers (altered lactate dehydrogen- 
ase isoenzyme patterns, and synthesis of pregnancy-specific beta peptide 1 
and ACTH). Addition of CM in colony-forming assays produced a 50-100% 
increase in colony forming efficiency (CFE) in monolayer culture and a 2-5 
fold increase in CFE in soft agar culture. Experiments are in progress to 
compare the growth-stimulating effects of crude CM to the growth factors 
TGFo and IGF-1 which have been previously detected in medium conditioned by 
A549 cells. This is an abstract of a presentation and does not necessarily 
reflect EPA policy. Performed under contract 68-02-4456 from the U.S. EPA. 

C646EPIDER-L GROWTH FACTOR ENHANCES SERUM-FREE GROWTH OF PRIMARY AND 
METASTATIC HUHAN TUMORS, S. Eva Singletary, Didier FKappaZ, Susan L. 

Tucker, Lily Larry, William A.  Brock and Gary Spitzer, M. D. Anderson 
Hospital and Tumor Institute, Houston, Texas 77030. The effect of 
epidermal growth factor (EGF) on the in vitro growth of human malignant 
tumors was compared in serum-supplemented (11-54) and serum-free (n=41) 
media at clonal density to determine the true EGF dependency of tumors. 
In the complete absence of serum at a 2,000 cells/ml seeding inoculation 
(approximately 200-400 adherent cells), EGF increased growth by greater 
than 50% in 27 of 41 specimens (66%) and in 1 8  of these EGF-Sensitive 
tumors, by 100% or more. In 12 serum-free cultures (29%), no in vitro 
growth occurred without EGF. With 1 0 %  serum supplementation and a lower 
cell density (500 cells/ml), EGF increased growth by greater than 50% in 
34 of 54 specimens (63%), of which 25 had more than a 100% increase. The 
maximum growth induced by EGF in serum was usually seen in those tumors 
already capable of moderate in vitro growth. No difference in response to 
EGF was detected between specimens from primary tumors (n~2.4) or from 
metastases (11-30). under these stringent culture conditions of complete 
absence of serum and with tumors seeded at a low cell number, EGF is 
required by most primary or metastatic human tumors to successfully 
establish and sustain short-term in vitro growth. 

157 



Growth Factors and Their Receptors: 
Genetic Control and Rational Application 

C 6 4 7 E F F E C T  OF EPIDERMAL GROWTH FACTOR ( E G F )  AND PLATELET-DERIVED GROWTH 
FACTOR ( P D G F )  ON FRESH HUMAN BRAIN TUMORS, D i d i e r  F r a p p a z ,  S .  Eva 

S i n g l c t a r y ,  Gary  S p i t z e r  and W i l l i a m  A .  Brock,  M . D .  Anderson  H o s p i t a l  and  
Tumor I n s t i t u t e ,  Hous ton ,  TX 77030 .  
The growth  r e s p o n s e  of  f r e s h  human b r a i n  tumors  (n-20)  t o  EGF (0-100 
ng/ml) and  PDGF (0-20 ng/ml) was examined a t  low c e l l  d e n s i t y  ( 2 5 0  t o  
2 ,000  c e l l s / m l )  i n  b o t h  s e r u m - f r e e  and  serum-supplemented  media u s i n g  t h e  
a d h e s i v e  tumor c e l l  c u l t u r e  a s s a y  (1).  I n  s e r u m - f r e e  c o n d i t i o n s ,  a 100% 
growth  i n c r e a s e  by EGF was o b s e r v e d  i n  16/20 tumors  ( 8 0 % ) :  5/8 g l i a l  
t u m o r s ,  2/3 meningiomas,  0/2 n e u r o e c t o d e r m a l  tumors  and  7/1 b r a i n  
m e t a s t a s e s .  I n  1 0 %  serum,  t h i s  EGF e f f e c t  w a s  l e s s  o b v i o u s ,  w i t h  a 1 0 0 %  
growth  i n c r e a s e  s e e n  i n  o n l y  4 tumors  ( 2 0 % ) .  No d i f f e r e n c e  i n  EGF 
r e s p o n s e  was d e t e c t e d  b a s e d  on t h e  t u m o r ' s  h i s t o l o g i c  g r a d e .  Serum-free ,  
PDGF i n c r e a s e d  growth  by 1 0 0 %  o r  more i n  2/2 g l i a l  t u m o r s ,  1/2 
meningiomas,  and  2/2 n e u r o e c t o d e r m a l  tumors .  With serum,  P D G F ' s  e f f e c t  
was s e e n  o n l y  i n  2 tumors .  The c o m b i n a t i o n  o f  EGF and  PDGF d i d  n o t  
i n c r e a s e  g r o w t h  more t h a n  e i t h e r  f a c t o r  a l o n e .  Most human b r a i n  t u m o r s ,  
p r i m a r y  and  m e t a s t a t i c ,  c a n  r e s p o n d  t o  EGF,  and  t o  a l e s s e r  e x t e n t  PDGF, 
i n  s e r u m - f r e e  s h o r t - t e r m  c u l t u r e .  
B a k e r ,  F.L. e t  a l :  Drug and  r a d i a t i o n  s e n s i t i v i t y  measurements  of  
s u c c e s s f u l  p r i m a r y  monolayer  c u l t u r i n g  of  human tumor c e l l s  u s i n g  
c e l l - a d h e s i v e  m a t r i x  and supplemented  medium. Cancer  Res . ,  46:1263, 1986.  

c 648 GROWTH FACTOR EFFECTS ON HUMAN MAMMARY EPITHELIAL CELLS IN CULTURE, 
Martha R. Stampfer, Midori Hosobuchi and Myriam Alhadeff, Lawrence Berkeley Laboratory, U. 
California, Berkeley, CA 94720. 

Human mammary epithelial cells (HMEC) in culture can display active, long term growth in a serum-free medium 
containing several growth factors [insulin (I), EGF, hydrocortisone (HC), bovine pituitary extract (BPE), 
ethanolamine, phosphoethanolamine, transfemn, and isoproterenol]. HMEC from over 20 individual donors have 
been examined, and all grow rapidly (doubling times of 18-30 hours) for around 45-70 population doublings 
(1 1-22 passages). Normal HMEC, as well as cells transformed to extended life or immortality following in virro 
exposure to benzo(a)pyrene, have been tested for response to removal of specific growth factors and addition of 
TGF-8. For normal HMEC, removal of individual factors (I, HC, BPE) results in a gradual increase in doubling 
times. EGF removal from mass cultures has only a small effect on number of or time for population doubling. 
However, in clonal assays, EGF removal results in almost no HMEC growth. This difference is likely due to the 
synthesis of TGF-d mRNA and protein by normal proliferating HMEC. The immortally transformed cell lines 
show different responses to growth factor removal, and subpopulations can be isolated which grow rapidly in 
media without one or more factors. In cases where removal of multiple factors results in little or no growth of the 
immortal cell lines, treatment with ENU has yielded populations which grow well under these more stringent 
conditions. The different HMEC populations have been tested for their response to TGF-8. While normal HMEC 
show a reversible growth inhibition, populations of the immortally transformed cells are. largely resistant to TGF+ 
growth effects. The relationship of TGF-p inhibition to cell age in culture, cell cycle, and the presence of other 
growth factors is currently being explored. Southem blot analysis using probes for specific oncogenes has shown 
no major genomic differences among these HMEC. The expression of specific oncogenes in these cells is also 
being assessed, thus far we have found that the normal proliferating cells express mRNA for c-k-ras. 

c 649AUGMENTATION OF RESPONSE TO MELANOMA GROWTH STIMULATORY ACTIVITY (MGSA) W I T H  

Kelleher and Ann Richmond, V.A. Medical Center and Emory University, Atlanta, GA. 30033. 
Melanoma growth stimulatory a c t i v i t y  (MGSA) is an endogenous growth factor which 
functions through an autocrine mechanism by augmenting the growth of t h e  Hs294T human 
m e 1  noma cel l  l ine .  Two bioassays have been developed f o r  MGSA. One monitors stimulation 
of H-thymidine incorporation in to  DNA of l o w  density Hs294T cells cu l tu red  i n  serum- 
free medium. The second assay monitors stimulation i n  ce l l  number i n  l o w  density serum- 
free culture3 of the  Hs294T c e l l  l ine .  Other growth factors do not m i m i c  the effects of 
MGSA i n  the H-thymidine assay (Richmond et a l . ,  Cancer Res .  42, 19g2; Richmond and 
Thomas, J. C e l l .  Biochem.. 1987 i n  press). Using the st ndard MGSA H-thymidine bioassay, 
recombinant IGF-1 does not  as a s ingle  agent stimulate 'H-thymidine incorporation i n  
Hs294T ce l l s .  However, ng quant i t ies  of IGF-1 w e r e  capable of augmenting the response of 
low dens i ty  cu l tures  of Hs294T cells t o  exogenous MGSA. S imi l a r ly ,  IGF-1 is capable of 
stimulating an increase i n  Hs294T cel l  number af ter  a six day exposure, presumably by 
augmeyS3ng the response t o  endogenous MGSA produced by these cells i n  cul ture .  S tud ie s  
w i t h  
MGSA does not compete w i t h  I-IGF-1 f o r  binding t o  IGF-1 receptors. Neither platelet-  
derived growth factor nor interleukin-1 demonstrates a capaci ty  t o  augment the  response 
as IGF-1 does. These data suggest tha t  MGSA and IGF-1 may stimulate the growth of 
Hs294T human malignant melanoma cells through separate  but complementary mechanisms. 

INSULIN-LIKE GROWTH FACTOR-1, H. Greg Thomas, E d d i e  Balentein, Michael P. 

' 

I-IGF-1 demonstratele3ecific binding of t h i s  ligand t o  receptors on Hs294T cells.  
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C650 MESODERM INDUCTION BY HEPARIN BINDING GROWTH FACTORS AND TRANSFORM- 
ING GROWTH FACT R R ,  Heinz Ti demannl, Horst Grunzl, Wallace L. Mc- 

Keehan3, Walter Knochel’,-Jochen Born f , Peter Hoppe , Beate Loppnow-Blindel 
Berlin 33, FRG ? , Universitat GHS Essen, D-4300 Essen 1 FRGz, W. Alton 
Hildegard Tied mannl and Ritdiger Volkl, Freie Universitat B rlin, D-1000 

Jones Cell Science Center, Inc., Lake Placid, NY .129463. 
A vegetalizing factor inducing mesodermal and endodermal tissues in amphi- 
bian gastrula ectoderm has been isolated from chicken embryos employing he- 
parin-sepharose affinity chromatography (Cell Differentiation 2l, 131).When 
acidic and basic heparin binding growth factors were tested, they induced 
muscle, coelomic endothelia, blood cells and mesenchyme, depending on se- 
condary interactions. Using synthetic oligonucleotides as probe the Xenopus 
gene encoding a FGF has been isolated from a genomic DNA library and par- 
tially sequenced. - TGF-B from human platelets (2 jig/ml, 97% pure), which 
in some chemical properties seems to be closely related t o  the vegetalizing 
factor, induced in ectoderm of Triturus alpestris mostly smaller areas of 
endothelia, mesenchyme, blood cells and clusters of cells alike intestine 
cells. It is likely that factors which in normal development promote the 
differentiation of mesoderm and endoderm are n o t  identical with, but relat- 
ed to the heparin binding growth factors and TGF-13. NGF, EGF, crude PDGF, 
bombesin and insulin did not induce. (Supported by Deutsche Forschungsge- 
meinschaft, Fonds der Chemischen Industrie and US Public Health Service). 

c 651 

Cancer I n s t i t u t e ,  National I n s t i t u t e s  o f  Health, Bethesda, MD 20892. 
The major excreted p r o t e i n  (MEP) o f  mouse f i b r o b l a s t  c e l l s  i s  the 39 kDa precursor t o  a 
cathepsin induced by malignant transformation, growth factors ,  and tumor promoters. The 
MEP cDNA sequence suggests t h a t  MEP i s  the mouse analog o f  human cathepsin L. 
placed the MEP cDNA i n  a eukaryot ic  expression vector  and demonstrated the product ion o f  
the 39 kDA polypeptide form o f  mouse MEP i n  monkey C V - 1  c e l l s .  A cosmid c lone from N I H -  
3T3 c e l l s ,  conta in ing the complete mouse MEP gene, has been i s o l a t e d  and t ransfected i n t o  
monkey kidney (CV-1) c e l l s  and human epidermoid carcinoma (A4311 c e l l s .  Both the t rans -  
fected CV-1 clones (CVMEP) and A431 clones (A4MEP) produce mouse MEP t h a t  i s  an a c t i v e  
cathepsin t h a t  i s  secreted, glycosylated, and processed i n t r a c e l l u l a r l y  t o  lower molecular 
weight forms as i n  the  wi ld- type NIH-3T3 c e l l s .  Both Northern and primer extension analy- 
s i s  demonstrate t h a t  the MEP mRNA’s from both mouse c e l l s  and s tab l y  t ransfected human 
c e l l s  are the same s i ze  and have the same s ing le  major s i t e  f o r  i n i t i a t i o n  o f  t rans-  
c r i p t i o n .  
clone. The sequence o f  the MEP promoter contains both t y p i c a l  and a typ i ca l  elements 
upstream o f  the s i t e  o f  i n i t i a t i o n  o f  t ransc r ip t i on .  pSVOCAT vectors con ta in ing  the MEP 
promoter e x h i b i t  CAT a c t i v i t y  i n  both mouse and primate c e l l s .  
d i f f e r e n t  regions o f  the MEP promoter t o  i s o l a t e  those sequences responsible f o r  TPA and 
PDGF responsiveness. 
mouse gene and an i n t a c t  promoter f o r  a t ransformat ion-sensi t ive lysosomal protease. 

STRUCTURE AND REGULATION BY MALIGNANT TRANSFORMATION OF THE GENE FOR MEP: A 
SECRETED LYSOSOMAL PROTEASE, Bruce R. Troen and Michael M. Gottesman, National 

We have 

These s tud ies i n d i c a t e  t h a t  the mouse MEP promoter i s  i n t a c t  on the cosmid 

We are present ly  subcloning 

These r e s u l t s  demonstrate t h a t  we have i s o l a t e d  both a func t i ona l  

C 652 EPIDERNAL GHWTH FACTOH STIMULATES CALCIUM INFLUX VIA VOLTAGE SENSITIVE CALCIUM 
CHANNUS IN CULTURED HUMAN FIBHOBLASTS. Nitchel L. Villereal and Gordon A. 
Jamieson, Jr. University of Chicago, Chicago, IL, 60637. 

Previous data indicated that epidermal growth factor (EGF) stimulates a rise in intracellular 
Ca activity in cultured human fibroblasts which is strictly dependent upon the presence of 
extracellular Ca. We have investigated the possibility that EGF activates voltage-sensitive 
Ca channels (VSCC) in cultured human fibroblasts. Although VSCC have been studied frequently 
in excitable tissues, they have been reported only recently to exist in cultured fibroblasts. 
Yatch clamp studies in mouse 13 fibroblasts and human foreskin fibroblasts (Chen and Hess. 
Bi0phys.J. 51:226a,1987) and ‘Ca influx studies in human foreskin and lung fibroblasts (Vil- 
lereal et al. J.Cell Biol. abstract, 1987) indicate the existence of slowly inactivating, 
dihydropyridine-sensitive channel activated at positive potentials (L-type channel). Ye 
report now that EGF stimulates a’5Ca influx in serum depr ed human foreskin fibroblasts. 
Influx appears to be via an L-type VSCC and EGF stimulates “Ca influx approximately 4-fold 
er that observed under basal conditions. This compares favorably to the +fold increase of 

@Ca influx seen in high K medium, the 2-fold increase seen with the addition of the Ca chan- 
nel agonist Bay K 6644, and he 5 to 6-fold increase seen with the combination of high K nd 
Bay K 6644. EGF stimulated “Ca influx, as well as the high K and Bay K 8644 stimulated “Ca 
influx, is blocked by the addition of the Ca channel antag ist nitrendipine. The dose re- 
sponse curve for nitredipine inhibition of EGF-stimulated @Ca influx indicates that half- 
maximal inhibition occurs at 1 IIN. These data suggest that L-type VSCC channels exist in 
cultured human fibroblasts and can be activated in response to physiological stimuli. 
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Oncogenes and Cell Growth 
C 700 EFFECTS OF x IRRADIATION ON EXPRESSION OF SOME PROTOONCOGENES IN REGENERATING 

RAT LIVER. Kouichi Asami, Chidori  Muraiso and Hiromichi Matsudaira.  Nat ional  
I n s t i t u t e  of Radiological  Sciences,  Chiba-shi 260 ,  Japan. 
C e l l s  u sua l ly  show p l e i o t y p i c  responses  when s t imu la t ed  by t h e i r  growth f a c t o r s .  Some of 
t he  responses  w i l l  be r e l a t e d  t o  i n i t i a t i o n  of DNA s y n t h e s i s ,  b u t  o t h e r s  may no t .  
Su i t ab le  techniques w i l l  a f f o r d  a c l u e  t o  r e so lve  t h e  r e l a t i o n s h i p s  among t h e  responses.  
We have been analyzing i n h i b i t i o n  of DNA syn thes i s  i n  t h e  r egene ra t ing  l i v e r  by X 
i rad ia t ion .  X r a y s  with a dose of 4.8 Gy i n h i b i t e d  almost completely inco rpora t ion  of 
[ Hlthymidine i n t o  DNA, whi le  with 1.9 Gy i n h i b i t e d  it p a r t i a l l y .  These doses  of X r ays  
a f f e c t e d  i n  a dose-dependent way, phosphorylat ion of h i s tone  H 1  occurr ing a t  t h e  onse t  of 
DNA syn thes i s ,  b u t  no t  t h a t  of HMG 14. Phosphorylation of h i s tone  H 1 ,  t hus ,  w i l l  be 
c l o s e l y  r e l a t e d  t o  DNA syn thes i s .  

Some oncogenes a r e  expressed during p r e - r e p l i c a t i v e  phase of l i v e r  regenerat ion.  We 
hepatectomized p a r t i a l l y  j u s t  a f t e r  par t ia l -body i r r a d i a t i o n  and e x t r a c t e d  t o t a l  RNA a t  
va r ious  t imes a f t e r  p a r t i a l  hepatectomy. P u r i f i e d  RNA was examined on t h e  expression of 
some proto-oncogenes with Northern b l o t  hybr id i za t ion .  Expression o f  K i - r a s  and H a - z  
increased markedly from 8 t o  15 h r s  a f t e r  hepatectomy, while  DNA s y n t h e s i s  s t a r t e d  a t  
about  24 hr .  The inc rease  i n  mRNA l e v e l s  o f  both oncogenes w a s  i n h i b i t e d  by 4 . 8  Gy of X 
rays .  Expression of c-fos which w a s  maximal j u s t  a f t e r  p a r t i a l  hepatectomy w a s  no t  no t  
i n h i b i t e d  by X r ays  bu t  r a t h e r  enhanced. These r e s u l t s  suggest  t h a t  expression of K i - r a s  
and H a - z  have c l o s e  r e l a t i o n s h i p  with o n s e t  of DNA syn thes i s .  

5 

c 701 LOCALIZATION OF Evi-2 TO CHROMOSOME 11: LINKAGE TO OTHER PROTO-OKOGENE ANY 

3 
Hendrick G .  Bedigian, Benjamin A.  Tay lp r , lE l i s e  Brownell, James N .  I h l e ,  Shigekazu Hagata, 
Nancy A. Jenkins  and Neal G .  Copeland. BRI-Basic Re ea rch  Program, NCI-Frederick Cancer 
?.esearch F a p i t y ,  P.O. Box B, Frederick,  MD, 21701. 'The Jackson Laboratory,  Bar Harbor, 
XE, 04609. I n s t i t u t e  of Medical Science,  Un ive r s i ty  of Tokyo, 4-6-1 Shirokanedai ,  Minato- 
Ku,  Tokyo 108 Japan. A common s i t e  of eco t rop ic  murine leukemia v i r u s  i n t e g r a t i o n  
designated Evi-2 ( eco t rop ic  v i r a l  i n t e g r a t i o n  s i t e -2 )  has been i d e n t i f i e d  i n  BXH-2 nyeloid 
t imors.  As- of experiments t o  determine ,:hether Evi-2 i d e n t i z i e d  a new proto-oncoger,e 
l acus  involved i n  myeloid d i s e a s e ,  we deteimlned i t s  chromosondl l o c a t i o n .  We mz?ped Evi-2 
t o  mouse Chromosome 11 us ing  statilldrd recombinant inbred s t r a i n  and gene t i c  backcross 
ana lys i s .  We then determined the  l o c a t i o n  of r e l a t i v e  t o  o t h e r  proto-oncogene and 
growth The l o c i  
included t h i s  s tudy were t h e  proto-oncogene l o c i ,  Erbb, Erba, and s, a s  we l l  as 1'-3 
( in t e r l euk in -3 ) ,  Csfgm (granulocyte-macrophage c o l o n F t i a t i n g  f a c t o r ) ,  and Try= 
( t ransforming p r o m p 5 3 ) .  A l l  l o c i  except  Erbb had been previously mapped t o  Chromosome 
11 t h e  use of somatic c e l l  hybrids  and consequent ly  t h e i r  pos i t i ons  on Chromosome 11 
are n o t  known. One proto-oncogene, Erbb-2 (analogous t o  the  proto-oncogene), and one 
growth f a c t o r  l ocus ,  Csfg (granulocyte  colony-st imulat ing f a c t o r ) ,  which had no t  been 
napped i n  t h e  mouse were a l s o  l o c a l i z e d  on Chromosome 11 using the  i n t e r s p e c i f i c  backcross 
r i c e .  This s tudy revealed a number of i n t e r e s t i n g  conserved l i nkage  groups common t o  mouse 
and man. 

GROWTH FACT05 LOCI USING INTE9SPECIFIC BACKCIOSS LICE. Afthur M. Buchberg 

f a c t o r  l o c i  l oca t ed  on Chromosome 11 by i n t e r s p e c i f i c  hackcross ana lys i s .  
i n  

with 

C 702 CHARACTERIZATION OF GENOIUC CLONES CODING FOR HUMAN LCK PROTEIN TYROSINE KINUSE. 
Evelyne Rouer, Marie-Claude Lang, Remi Fagard,  Siegmund F i sche r ,  
Richard Benarous , INSERM U .  15, 24 rue  du Fg S t  Jacques,  7501 4 PARIS, France. 

Lck is a member of t h e  s r c  family p ro te in  ty ros ine  kinase,  highly expressed i n  lymphoid 
c e l l s  and i n  p a r t i c u l a r  i n  T lymphocytes. Lck CDNA was cloned i n  mouse and human (1,2,3).  
It  codes f o r  a P ro te in  Tyrosine kinase of 56 KD highly s i m i l a r  t o  60 s c r c .  A s  was shown by 
ua and o t h e r s  p56 l c k  is overexpressed i n  seve ra l  human and murine lymphoma and leukemia. 
To s tudy  t h e  r egu la t ion  of t h e  expression of t he  human l c k  gene i n  normal and pathological  
condi t ions we have undertaken its genomic cloning.  Using a 700 bp fragment loca t ed  a t  t h e  
3' end of human Lck cDNA ( f r a n  A .  V e i l l e t t e )  we screened a human genOmiC l i b r a r y  
constructed i n  t h e  phage EMBL4. We have i s o l a t e d  a 17 kb clone and performed a p a r t i a l  
r e s t r i c t i o n  map. Fran these  r e s u l t s  i t  appears t h a t  t h e  5' end of t h i s  Clone maps near t h e  
ATC t r a n s l a t i o n  s t a r t  s i t e ,  while  t h e  3' end is loca ted  beyond t h e  3' end of Lck m R N A .  We 
have i s o l a t e d  a second genomic clone wi th  5' r egu la to ry  sequences upstream from t h e  
t r a n s c r i p t i o n  start s i t e .  We a r e  p re sen t ly  mapping t h e  d i f f e r e n t  exons. A s  expected, 
prel iminary r e s u l t s  i n d i c a t e  t h a t  t h e  o rgan i sa t ion  of t h e  human Lck gene is very similar 
t o  that of t h e  human c-src  gene. 

References 
- Harth et a1.1985, Ce l l  3, 393-404 
- Voronova et al. 1986, Nature 319, 682-685 
- Trevi l lyan e t  al. 1986, Biochim. Biophys. Acta 888. 286-295 
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Rune Blomhoff ,  I lar-ie B o t i . l s r u d .  Tone Hjet-belt.!nd. t ' a t - I - O l a f  
Wathne. He:tdi t . 1 2  1 Hlnmhoff arid t.aere R., No t -nm.  I n s t .  fnr 
R l u t r .  Res.. F.@.Bo:: li'34h. lJniver.;itv o+ Oslu. O'I:th Oslo 7. 

rl,YE:LO I D L EUk EM I c CEl?LS.. 

We have s t u d i e d  the  e i f e c t  of  TNF--n  and t -e t i no ids  on HL:-.60 c e l l s ,  U9J7 c e l l s  
and two subclones o f  these c e l l s  tHL--61:1/1351- and U 9 5 7 / G T B ) .  In t h e  c e l l  l i n e s  
HI.-&] and U Y V .  r -e t i nn ids  cooperated WI t h  T N F - n  i n  i nduc ing  d i f f e r e n t i a t i o n  
a5 we1 1 as qt-ow-th irihi,hi.t~i,on. T h e  st-owth o f  t he  subclones HL-60/0CjL and 
1.1937ibTH was e + f e c t i v l y  t-educed i n  the  presence nt t - e t i no ids  i n  t he  medium.. 
However-,. t - e t i no ids  had no e f f e c t  on the  d i f f e r e n t i a t i o n  o+ these c e l l s .  
Nor thern a n a l y s i s  o f  c--myc showrd no downreytulation of c-myc i n  t he  subc l ow-  
es, al thouqh c e l l  pt-ol  i i e r a t i o n  w a s  t-educed by  t -e t ino ids.  Fut-thet-more, TNF-a 
was more than 101:) t imes as e f + e c t i v e  tfl i n h i b i t i n q  t h e  qt-owth of  HL+O/CISL 
and U Y 3 7 / G T H  when compat.ed t o  HI.--ht.l and U957. 
7 hese t-esu 1 t,s suyqes t t h a t  r e  t i no i ds m i 9 h t i n h i b 1 t the  p r-o 1 i f e r-a t i on o f  
c e l  1s w i thou t  iridi.tcinq a dnwnrequlat ion o f  t h e  mRNA for- c-mvc. I n  a d d i t i o n .  
s ince  two d i f+e t -en t  scibc 1.ones t h a t  d i d  n o t  respond t o  t -e t i no ids  by d i . f f e ren -  
t i a t i o n  a l s o  w a s  found t o  be hvpersensi t i .ve t o  TNF.-n. one miqht speculate 
t h a t  t he  mechanism o f  a c t i c r r i  o i  t - e t i nn ids  end TNF-rx is intest-ated. 

c 704 

The presence of activated ras genes in various human malignancies was determined by means of 
synthetic oligonucleotide hybridization after in vitro amplification of relevant ras se- 
quences (PCR). O f  each type of malignancy 30-100 samples were screened for mutations in 
codons 12 and 6 1  (H-, K- and N-ras) and codon 13 (K- and N-ras). We have found mutated ras 
genes in colon carcinomas (40%,  mostly K-ras), lung adenocarcinomas (20%. mostly K-ras), 
acute myeloid leukemias (202, mostly N-ras) , seminomas ( 2 0 % ) ,  melanomas (20%)  and myelo- 
displastic and myeloproliferative syndromes (LlOX). No ras gene mutations were found in 
cervical cancer, ovary tumors, glyoblastomas, CML and follicular lymphomas. These results 
demonstrate that activated ras genes do occur rather frequenctly in certain human malig- 
nancies, in particular in colon carcinomas, whereas they are absent in others. Analysis of 
premalignant precursor tissues such as colon adenomas, indicates that the mutational event 
can occur relatively early but also late in the course of tumorfgenesis. These findings will 
be discussed in terms of the role activated ras genes can play in the initiation of tumor 
development as well as in progression. 

RAS GENE MUTATIONS AND HUMAN MALIGNANCIES. Johannes L. Bos, Sylvius Laboratories, 
P.0.Box 9503, 2300 RA Leiden, The Netherlands 

C705 

K. Yui, M.B. Prystowsky, and R.G. Hoover. Department of Pathology, 
University of Pennsylvania Medical School, Philadelphia, PA 19104-6082. 
Transcription of the c - w  gene initiates from two principal promoters, P1 
and P2. The relative utilization of the two promoters can be quantified by 
S1 nuclease analysis of steady-state mRNA levels and expressed as a Pl/PZ 
ratio. We previously reported that a shift in promoter utilization occur- 
red in human peripheral blood mononuclear cells (PBMC) that were stimulated 
to proliferate with PHA. We now report that a similar shift occurred in 
murine T cells freshly isolated from splenocytes. The Pl/P2 ratio reached 
a maximum of approximately 1.1 at 4 hours after ConA stimulation and a min- 
imum of 0.35 at 4 8  hours. At certain times after an initial ConA stimula- 
tion, adding IL2 to the T cells increased c-m c mRNA, but the Pl/P2 ratio 
stayed less than 0.35. Cloned, antigen-dependkt , and ILZ-dependent murine 
T cell lines responded differently. Stimulation with either antigen + APC, 
ConA + phorbol ester, or IL2 resulted in increased c-% mRNA, but the 
Pl/P2 ratio stayed less than 0.35. These data suggest that c-% gene 
expression differs between cloned and freshly isolated murine lymphocytes. 

DIFFERENTIAL PROMOTER UTILIZATION BY THE C - s  GENE IN CLONED AND 
FRESHLY ISOLATED T CELLS. H.E. Broome, J.G. Monroe, P.A. Scherle, 
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C 706 EXPRESSION OF TRANSFECTED PDGF A- AND B-CHAIN CDNA IN RAT-1 CELLS AND HUMAN 

and Christer Betsholtz, Department of Pathology and Ludwig Ins t i tu te  f o r  Cancer Research, 
Oppsala Sweden and National Cancer Ins t t tu te ,  Bethesda. U . S . A . .  

The role played by PDCF-like molecules in autocrine stimulation of c e l l  growth and neo- 
plastic t r ans fomt ion  has  still  to  be defined. Since the two chains of PDGF are frequ- 
ently independently expressed in h m  tmur ce l l s ,  w e  have attempted to elucidate the 
effect  of the single and constitutive expression of the A and B chain genes under the 
control of a strong v i ra l  prmter in Rat-1 and human fibroblasts. V i r a l  constructs con- 
taining a cDNA of the separate genes and including a G-418 resistence gene were trans- 
fected into producer ce l l  l ines and the supermtent used to  infect Rat-1 and h m  fib- 
roblasts in culture. Cellular clones exhibiting constitutive expression of the genes 
showed a d is t inc t  change in the phenotype. Whereas the morphological change in  the B 
transfectants resembled closely that of Simian Sarccina Virus transformed ce l l s , the  A- 
chain transfectants were morphologically unaltered. Both grew,however,to a greater ter-  
minal c e l l  density.The transformed phenotype of the B-transfectants reverted on the add- 
i t i on  of suramin,indicating an autocrine stimulation. Studies on the bio-synthesis of 
protein molecules i n  Rat-1 transfectants indicated the production and secretion of a 31K 
A-chain homodimer i n  the A-chain transfectants and an intra-cellular dimeric 24K,as well 
as,a secreted s l igh t ly  heterogeneous 30K B-chain product. Neither of the PDGF-chain con- 
structs conferred an imortal phenotype or otherwise changed the life-span of the humn 
fibroblasts. 

FIBROBLAST, Margaret Bywater, George Mark, Carl-Henrik Heldin, Bengt Westermark 

c 707 ABNORMAL EXPRESSION AND REGULATION OF AN ALTERED fos GENE, Gillian S. 
Charles and Natalie M. Teich, Imperial Cancer Research Fund, Lincoln's Inn Fields, London, 
WCZA 3PX, England. 

A cell line has been established from a spontaneously arising mouse osteosarcoma in which one allele 
of the proto-oncogene fos has been disrupted by an interchromosomal recombination event. An 
insertion has occurred in the last exon of fos: this is the same region where the v-fos genes of the 
osteosarcomagenic viruses FB3-MSV and FBR-MSV differ from c-fos. These three are the only 
examples of altered fos genes and interestingly all have occurred in osteosarcomas. 
In most cells c-fos F n o t  expressed but is inducible by a variety of mitogenic agents including serum 
and cell-type specific growth and differentiation factors. However, this osteosarcoma cell line 
constitutively expresses altered fos mRNA and protein. The unaltered c-fos allele is not expressed but 
can be induced by serum with the expected kinetics, but the altered allele is not superinduced at the 
same time, suggesting independent regulation of the normal and altered fos alleles. 
As the three examples of altered fos result in immortalized cells with high growth capacity, whereas 
- fos is otherwise constitutively expressed in terminally differentiated cells only, deregulation of fos 
may play an important role in the modulation of specific requirements for growth factors. 

c?O8 CELLULAR AND MOLECULAR CHARACTERISTICS OF UV-TDTX CELLS,  A.  C .  Chen and 
H. R. Herschman, Mol. Biol. Ins t . ,  U.C .L .A . ,  Los Angeles, CA 90024 

The C3H10T1/2 rnurine cell  l ine  has been used as a major cell  culture model for 
two-stage carcinogenesis. C3H10T1/2 ce l l s  are exposed t o  UV i rradiation followed by 
exposure to  the tumor promoter, TPA. This transformation protocol yields UV-TDTx foci 
whose ce l l s  appear transformed in pure culture. When rown in mixed culture with 
10T1/2 ce l l s  in a secondary focus forming assay, UV-TDTx celys are dependent u on the 
presence of TPA for  transformation. A clonal cell l ine  (UV-TDTxlOe), establisled from 
one of the UV-TDTx foci,  i s  weakly anchora e independent when rown in the absence of 
TPA and i s  non-tumorigenic in nu!, mice. I n  conqrast, both  a one-step 
methylcholanthrene MCA) transformed 10T1/2 cell  1 ine (MCAC116/39) and an 
EJ-transfected 10T1/2 cell  l ine  with 50 copies of EJ (rasC4) are anchorage independent 
and hi hly tumori enic. A clonal one-step MCA-transformed 10T1/2 cell  l ine  isolated in 
our la%oratory (MZATxle i s  anchorage dependent and non-tumorigenic T h u s ,  the two 
MCA-transformed cell  l ines d i f fe r  in a t  least  two transformation kameters. Somatic 
cell hybrids formed between parental 10T1/2 and UV-TDTxlOe ce l l s  ,Row dominant focus 
formation in a secondary focus formin assay in 28/59 hybrids. The ab i l i ty  of these 
hybrids t o  form foci i s  TPA-dependent. !OT1/2/MCAC116/39 h brids also exhibit ,dominant 
focus formation in 6/10 hybrids while 10T1/2/rasC4 hybrids gehave dominant1 i n  25/25 
h brids. MCAC116/39 ce l f s  have been 
down t o  contain one copy of an endogenously activated c-Ki-ras gene. The possible 
involvement of an activated c-Ki-ras gene in the expression of the MCATxle and 
UV-TDTxlOe phenotypes i s  under investigation. 

These hybrids behave in a TPA-independent manner. 
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c 709 c-fos AND THE CELLULAR IMMEDIATE-EARLY RESPONSE: A MARKER FOR A FAMILY 
OF GENES INVOLVED I N  SIGNAL TRANSDUCTION. Donna R. Cohen and Tom Curran, Dept. 
of Molecular Oncology, Roche Institute of Molecular Biology, Nutley, NJ 071 10. 

The c-fos gene is t he  cellular homolog of the  oncogene (v-fos) carried by the  FBJ and FBR murine 
os t eogen icy rcoma  viruses. I t  encodes a nuclear phosphoproter(Fos) t ha t  is  associated with chromatin 
and which displays general and sequence-specific DNA binding properties. The c-fos gene is expressed 
rapidly and transiently in response to a wide variety of extracellular stimuli, including events leading to 
mitosis, differentiation and depolarization of neurons. Furthermore, we have recently demonstrated 
that  c-fos is expressed in brain following induction of seizures in mice by a variety of agents. In view 
of thesepropert ies ,  i t  has been proposed that  c-fos functions as a "cellular immediate-early gene", 
coupling events at the membrane to long-term adaptive responses of the cell, by influencing the 
expression of target  genes. We have previously shown that  Fos protein is co-induced, depending on the 
circumstances, with %ome or all of a set of antigenically related proteins that  have similar biochemical 
properties t o  Fos. We have now cloned genes that  encode proteins antigenically related t o  Fos, but 
which show considerable nucleotide sequence divergence from the c-fos gene. In addition, the 
conditions under which they a re  induced overlap with, but a r e  not identical to, those resulting in the 
expression of c-fos. These genes show characterist ics that  have been attr ibuted to immediate-early 
genes. W e  proposethat  c-fos is a marker for a set of genes, some of which encode proteins that a r e  
antigenically related to F G  that  form the basis of the cellular immediate-early response of gene 
expression t o  extracellular stimuli. 

c 710 A NEW ONCOGENE FROM KAPOSI'S SARCOMA BELONGS TO THE FGF GENE FAMILY, Anna Maria 
Curatola ,  Pasquale  D e l l i  Bovi and Claudio B a s i l i c o ,  Department o f  Pathology, NYU 

Medical Center ,  New York, NY, 10016. A novel  human oncogene (KS oncogene) was i s o l a t e d  
fol lowing t r a n s f e c t i o n  of NIH3T3 c e l l s  w i t h  DNA of Kaposi ' s  sarcoma. The t ransforming se- 
quences are rearranged w i t h  r e spec t  t o  the normal human DNA and encoded two s p e c i e s  of 
mRNA (3.5Kb and 1.2Kb). A cDNA clone (KS3 cDNA) r e p r e s e n t a t i v e  of t h e  1.2 Kb mRNA was 
a b l e  t o  t ransform NIH3T3 c e l l s  with h igh  e f f i c i e n c y  upon i n s e r t i o n  i n t o  an  euca ryo t i c  ex- 
p re s s ion  vec to r .  The sequence DNA a n a l y s i s  revealed t h a t  t h e  KS3 cDNA encodes a p r o t e i n  
of 206 amino a c i d s  w i t h  s i g n i f i c a n t  homology t o  t h e  b a s i c  and a c i d i c  FGF and t o  t h e  int-2 
p ro te in .  Thus t h e  KS oncogene appears  t o  belong t o  t h e  same gene family of t h e  FGFs, but  
it is d i s t i n c t  from them. Conditioned medium from NIH3T3 transformants  and t h e  KS p r o t e i n  
produced i n  b a c t e r i a  and in COS c e l l s ,  showed a s i g n i f i c a n t  growth-promoting a c t i v i t y  on 
NIH3T3. The KS p r o t e i n  expressed i n  COS c e l l s ,  h a s  a NW of approximately 25Kb and is gly- 
cosy la t ed .  Immunoprecipitation and i n  v i t r o  t r a n s l a t i o n  experiments i nd ica t ed  t h a t  i t  is 
s e c r e t e d  and cleaved.  We have a l s o  cloned t h e  normal homolog from a human genomic l i b r a r y  
using t h e  KS3 cDNA as a probe. Comparison of its r e s t r i c t i o n  map t o  t h e  t ransforming one 
a s  we l l  a p a r t i a l  sequence a n a l y s i s ,  al lowed us t o  p r e c i s e l y  map one of t h e  rearrangements 
a t  t he  5 '  end of t h e  KS oncogene and it  is  ou t s ide  of t h e  encoding region.  The t r ans -  
forming a c t i v i t y  of t h e  normal coun te rpa r t  of t h e  KS oncogene and t h e  mitogenic  a c t i v i t y  
of t h e  KS p r o t e i n  on d i f f e r e n t  c e l l  l i n e s  a s  we l l  as i t s  a b i l i t y  t o  induce expression of 
ce l l - cyc le  oncogenes, by s t i m u l a t i o n  of quiescent  3T3 c e l l s ,  w i l l  be  d i scussed .  

c 711 

and Department of Biology, MIT,  Cambridge, MA 02142. 
p r o t e i n  i s  a s soc ia t ed  wi th  v i r t u a l l y  every case  o f  human ch ron ic  myelogenous leukemia 
(CML). Unlike t h e  r e l a t e d  P160 !&v-% oncogene product o f  Abelson Murine Leukemia 
Virus  (A-MuLV), P210 bc r / ab l  does not  t r ans fo rm NIH-3T3 f i b r o b l a s t s  (Daley e t  a l . .  SCIENCE 
237:532-535, 1987). 
t ypes ,  r e t r o v i r a l  c o n s t r u c t s  spec i fy ing  P 2 1 0 b c r m l  were used t o  i n f e c t  t h e  bone-marrow- 
de r ived  i n t e r l e u k i n  3-dependent Ba/F3 c e l l  l i n e .  
exp res s ing  P210 bc r / ab l  p r o l i f e r a t e d  i n  t h e  absence o f  IL-3 and were tumorigenic i n  nude 
mice. No e v i d e n z f o r a u t o c r i n e  product ion of IL-3 by IL-3 independent l i n e s  w a s  found i n  
c o n t r o l  experiments w i th  condi t ioned media or on Northern b l o t  a n a l y s i s .  
experiments e s t a b l i s h e d  t h a t  P210 bc r / ab l  can t ransform hematopoiet ic  cel l  types  i n  v i t r o .  
imp l i ca t ing  P210 bc r / ab l  i n  t h e  p a z g G s i s  of CML. 

TRANSFORMATION OF AN IL-3 DEPENDENT HEMATOPOIETIC CELL LINE BY THE CML-SPECIFIC 
P210 bc r / ab l  PROTEIN, George Q. Daley and David Baltimore,  Whitehead I n s t i t u t e  
-c 

The novel  hybrid P210 bc r / ab l  

To a s s e s s  whether P210 bc r / ab l  might t r ans fo rm hematopoiet ic  c e l l  

A s  f o r  P160 & v - s ,  c e l l  l i n e s  

These 
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c712 TRANSFORMING POTENTIAL OF THE a B - 2  tiENE AND EGF RECEPTOR,  P. Paolo Di F io re ,  
Jacalyn H. P i e rce ,  Oreste  Sega t to ,  Matthias  H. Kraus, Timothy P. Fleming, 
C. R ich te r  King’, Joseph Schlessinger’ ,  Axel U l l r i c h 2  
Aaronson, National Cancer I n s t i t u t e ,  Bethesda, MD 20892, lKorer Biotechnology, 
Rockvi l le ,  MD, 2Genentech Inc. ,  San Francisco,  CA 

and S t u a r t  A. 

Eukaryotic expression vectors  were engineered t o  s tudy t h e  t ransforming c a p a b i l i t y  of 
t h e  e B - 2  gene and o f  the EGF r ecep to r  ( E G F R ) .  X B - 2  cDNA under t r a n s c r i p t i o n a l  con t ro l  
of the SV40 e a r l y  promoter lacked t ransforming a b i l i t y  d e s p i t e  expression of d e t e c t a b l e  
levels of erbB-2 protein.  
i n f luence  o f t h e  long terminal  repeat  of Moloney murine leukemia virus was a s soc ia t ed  with 
t h e  a c t i v a t i o n  of erbB-2 a s  a potent  oncogene ( l o 4  ffu/pmol of D N A ) .  
po t en t i a l  of t h e  e m - 2  gene was exe r t ed  i n  t h e  apparent absence of any exogenously added 
l igand. 
cant  a l te ra t ions  i n  t h e  growth p rope r t i e s .  
appearance o f  the  transformed phenotype ( l o 2  ffu/pmol).  
EGFR and erbB-2 a s soc ia t ed  with malignant t ransfor lnat ion were comparable t o  those  detected 
i n  human tumors overexpressing e i t h e r  gene. 
bas i s  f o r  ampl i f i ca t ion  of growth f a c t o r  receptor  genes a s  r ep resen t ing  a causal d r iv ing  
fo rce  i n  t h e  c lonal  evolut ion of a tumor c e l l .  

A f u r t h e r  5-10 f o l d  inc rease  i n  i t s  expression under t h e  

The t ransforming 

C o n v e r s e r  t r a n s f e c t i o n  of a n  LTR-EGFR cDNA i n t o  N I H  3T3 c e l l s  led t o  no s i g n i f i -  
However, EGF add i t ion  (20 ng/ml) l ed  t o  t h e  

The l e v e l s  of overexpression of 

T h u s ,  our s t u d i e s  e s t a b l i s h  a mechanis t ic  

c 713 

Colorado, Boulder, CO 80309. W e  a r e  i n t e r e s t e d  i n  determining the  r egu la to ry  mechanisms 
underlying a r r e s t  of c e l l  growth i n  normal human d ip lo id  f i b r o b l a s t s  ( H D F ) .  When HDF a r e  
crowded o r  deprived of serum, they e n t e r  a v i a b l e ,  G1-arrested quiescent  s t a t e  (Q+), wh ich  
i s  r ead i ly  r e v ? r s i b l e .  
they e n t e r  a v i a b l e ,  G1-arrested senescent s t a t e  (St), which i s  e s s e n t i a l l y  i r r e v e r s i b l e .  
We a r e  inves t iga t ing  the  ex ten t  t o  which a r r e s t  i n  t he  quiescent  s t a t e  and a r r e s t  i n  the 
senescent s t a t e  share  common regu la to ry  mechanisms. To t h i s  end we have t r ans fec t ed  HDF 
( f r e q .  2.4 x 
phenotypes ( i . e .  a r e  a l l  FPL+ c e l l  types Q+Stor Q-S’hut not  Q+S-or Q’Sc ? ) .  IMR-90 HDF 
t r ans fec t ed  with pSV3neo ( con ta in ing  both SV40 tumor an t igen  genes) were T an t igen  p o s i -  
t i v e  but s t i l l  expressed an FPL+ phenotype. 
quiescent  when crowded (Q-),  and a t  t h e  end of t h e i r  l i f e s p a n  these  clones d i d  not cease 
synthesizing DNA (S‘ phenotype, i . e . ,  3H-thymidine l abe l ing  ind ices  of 30-60%). Thus 
the in t roduc t ion  of only the  t w o  SV40 tumor an t igens  transformed IMR-90 HDF t o  b o t h  Q-and 
S’ . We a r e  p re sen t ly  t r a n s f e c t i n g  IMR-90 HDF with t h e  ind iv idua l  SV40 tumor an t igens  
(and o the r  known oncogenes) t o  t e s t  whether a s i n g l e  gene can change a c e l l  w i t h  a Q’S+ 
phenotype t o  a Q-S-phenotype. 

TRANSFECTION OF NORMAL HUMAN FIBROBLASTS WITH SV40 DNA: RELATIONSHIP BETWEEN 
LIFESPAN, QUIESCENCE AND SENESCENCE, L.M. Donahue and G . H .  S t e i n ,  Universi ty  o f  

When HDF reach  the  end of t h e i r  f i n i t e  p r o l i f e r a t i v e  l i f e s p a n  (FPf i  

w i t h  SV40 DNA and exanined the  e f f e c t  on the  r egu la t ion  of the Q and S 

These clones were incapable  of  becoming 
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Henry Neel, Franqois Dautry, INSERM U.250, Laboratoire d’Oncologie Mol6culaire. lnstitut 
Gustave-Roussy, 94805 Villejuif - France 
To study the role of the ras genes in the response to  hematopoietic growth factors, we have used 
retroviral vectors t o  introduce a kirsten ras gene into the IL3 dependent murine myeloid cell line 
FDCP-2. We have used two different constructs containing the neomycin resistance gene and a 
mutated kirsten gene under the control of either the LTR or of internal promotors. 
After  a 24 h co-cultivation with high t i ter  ( > l o 5  i.p./mI) producing cell clones, virtually all 
FDCP-2 cells become resistant t o  neomycin (G418). This has enabled us t o  evaluate the prolifera- 
tive response to  IL3 of the uncloned population shortly af ter  infection. Following infection, cells 
a r e  able to  grow in lower amounts of IL3 although they remain absolutely dependent upon IL3 
for proliferation. The same growth behaviour was observed for individual cell clones and Northern 
blot analysis showed they express the expected viral transcripts. Thus expression of an activated 
ras gene does confer a growth advantage to  an IL3 dependent cell line but is not enough to 
render them growth factor independent. W e  are  currently extending these observations to  other 
ras genes as  well as  other hemopoietic cell lines. 

INCREASED RESPONSIVENESS TO IL3 OF A LIURINZ MYELOID CELL LINE (FDCP-2) 
FOLLOWING INFECTION WITH KIRSTEN RETROVIRAL VECTORS. Dominique Dumenil, 
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c715 EVIDENCE THAT THE VIRAL K i - R A S  PROTEIN OF KSV, BUT NOT THE p p 6 O V - E  PROTEIN OF 
ASV STI#ULATES NRK CELL PROLIFERATION THROUGH ITS PDGF RECEPTOR, Jon P. Durkin 
and James F. Wh i t f i e ld ,  D iv i s ion  o f  B io log i ca l  Sciences, National Research Council 
o f  Canada, Ottawa CANADA K1A OR6 

NRK c e l l s  i n fec ted  e i t h e r  w i t h  a temperature-sensit ive mutant o f  K i r s ten  sarcoma v i r u s  
(%371-KSV), o r  o f  avian sarcoma v i r u s  (tsLA23-ASV) are transformed a t  36OC, but  are non- 
transformed a t  4loC which i nac t i va tes  thFabnormal ly  thermolabi le  oncogenic products o f  
the v i r a l  Ki-ras and v-src genes, respect ive ly .  A t  the nonpermissive 410C, both tsKSV-NRK 
and E A S V - N R K X l l s  c a n e  arrested i n  Go phase by incubat ion i n  serum-derived medium. 
but can be induced t o  s t a r t  p r o l i f e r a t i n g  again by adding serum a t  41OC. 
r e a c t i v a t i n g  the v i r a l  oncogene products i n  these quiescent c e l l s  in semun-free medium i s  
a l so  a potent  mitogenic signal which t r i g g e r s  the c e l l s  t o  t r a n s i t  G1 phase and i n i t i a t e  
DNA rep1 i c a t i o n .  
Protamine s u l f a t e  (PS), a s p e c i f i c  blocker o f  PDGF act ion,  i n h i b i t e d  the p r o l i f e r a t i v e  
response o f  G K S V - N R K  c e l l s  t o  a react ivated,  v i r a l  K i - R A S  prote in ,  but it d i d  n o t  a f f e c t  
the p r o l i f e r a t i v e  response o f  G A S V - N R K  c e l l s  t o  a reac t i va ted  pp6OV-% p r o t e i n  kinase. 
The i n h i b i t i o n  by PS o f  the p r o l i f e r a t i o n  response o f  G K S V - N R K  c e l l s  t o  reac t i va ted  K i - R A S  
p ro te in  was overcome by serum growth factors ,  notably  EGF, and concentrated serum-free 
condit ioned medium from cu l tu red  NRK c e l l s  i n fec ted  w i t h  wi ld- type KSV. but not  by a com- 
b ina t i on  o f  PDGF and i n s u l i n .  
but no t  pp6OV-=, s t imulates p r o l i f e r a t i o n  exc lus i ve l y  by inducing the host  c e l l s  t o  
produce PDGF o r  PDGF-like mitogenic fac to rs .  

However, 

These observations suggest t h a t  the v i r a l  K i - R A S  prote in ,  
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ManitObd I n s t i t u t i  of C e l l  B i o l o g y ,  U n i v e r s i t y  of Mdnitob?, Winnipeg, Mani toba ,  Canada, R3E 
O V 9 ,  +LabOrdt,ory of Tumor Immunology dnd Biology,  Nat ion-1  Crncer  I n s t i t u t e ,  B e t h e s d a ,  M D ,  
U S A ,  20332 .  
Iv'e znd o t h e r s  h<-vt e s t a b l i s h e d  that t h e  r s  cricogrne can t r a n s f o r m  e s t a b l i s h t d  r o d e n t  
f i b r o b l a s c  c e l l  l i n e s  i n t o  f u l l y  met ,as ta t ic  tumors dnd t h a i  t h e  m e t a s L a t i c  b e h a v i o r  o f  
rhr-.se c e l l s  is  d i r e c t l y  r e g u l d t a d  by r'as. I n  s u b s e q u e n t  work, we fOlJnd t h a t  o v e r e x p r e s s i o n  
of r a s  as  w e l l  a s  m u t s t i o n s  e f f r c t i n g C T P a s e ,  n u c l e o t i d t  b i n d i n g  o r  excndnge ,  a l l  t r a n s f o r m  
N I H - 7 3  t o  m e t a s t e t i c  tumors .  
complex i n  r e g u l a t i n g  m c t a s t a t i c  behavior  of r a s  t ransformed c e l l s .  It is c l e a r ,  howevsr ,  
t r ia t  n o t  d l l  numan tumors c o n t a i n  a c t i v d c e d  or-veatly o v e r z x p r t s s e d  r? g e n e s .  
d i r e c t l y  t b s t  t h e  h y p 3 t h e s i s  t h a t  o t h e r  oncogenes  mdy be i n v o l v e d  i n  r e g u l a t i n g  or i n o u c i n g  
t h e  m e i a s t , a t i c  pnrnotype  we havc a s s e s s e d  t h e  a b i l i t y  of NIH-3T3 (clone 7 )  c e l l 3  t r a n s -  
formed by r d - i o u s  oncogenes  LO form m e t a s t a s e s .  C e l l  l i n e s  t r d n s f o r m e d  by t h e  s e r i n e / t h r e -  
o n i n L ~  k i n d s e  oncogenes  v - r a f ,  A-rdf o r  v-mos a s  w e l l  a s  t h e  t y r o s i n c  k i n a s e  oncogenes  
v - s r c .  v - f e s  o r  v - f z  ware<etas td t ic .  I n c o n t r a s t ,  c e l l s  Lransfurmed by e i t h e r  o f  two 
n u ' z d r  oncogenes, myc - or p53, were Lumorigenic when i n j e c t e , j .  subcutanaousLy b u t  were 
v i r t u a l l y  non-met&Lat ic .  C o n t r o l  NIH-3T3 o r  NIH-3T3 i n f e c t e d  o r  t r a n s f e c t e d  w i t h  MoMuLV 
were also n o n - m e t a s t d t i c .  These d a t a  d e m o n s t r a t e  t h a t ,  i n  a d d i t i o n  t o  r z ,  a s t r u c t u r a l l y  
d i v e r g e n t  group of k i n d s t  oncogenes  can induce  t h e  m e t a s t a t i c  phenotype .  

STRUCTURALLY DIVERGENT ONCOGENES INDUCE THE METASTATIC PHENOTYPE. S. E. Egan", 
J.A. Wright*,  L.  J a r o l i m * ,  K .  Yanagihdra+,  R .  H.  Bassin+,  A . H .  Greenberg*, 'The 

These r t s u l t s  s u p p o r t  a ! ' u l e  f o r  i n c r e a s e d  ras-GTP a c t i v e  

TO 

c 717 ABERRANT EXPRESSION OF SIS IN ACUTE MYELOGENOUS LEUKEMIA, Mary Jean 
Evinger-Hodges, Irene Cox, Joel Bresser and Kare l  A. Dicke, UTSCC, Houston, Texas 77030. 

Recent results from our laboratory using a rapid (2-4 hrs) and sensitive (5 copies/cell) RNA i n  s i tu  
procedure point to the potential role abnormal growth factor regulation may play in leukemogenesis. 
In greater than 70% o f  human acute leukemia patients studied, the sis oncogene is overexpressed in a 
variable percentage o f  bone marrow progenitor cells. By multiple-labelling experiments we find that 
the same cells which produce high levels o f  sis mRNA also express myc at unusually high levels and JE, 
one o f  the PDGF competence genes. These results raise the possibility that these cells are stimulated 
by PDGF in an autocrine fashion. We also examined marrow samples from more than 15 acute 
leukemia patients in remission and find between 0.02% and 20% o f  cells expressing both myc and sis a t  
a greater than 5-fold increase compared to  that found in normal hematopoietic cells. 
Several investigators have shown an antagonism between the interferons and ce l l  responsiveness t o  
PDGF as measured by increased myc and JE expression and subsequent cellular proliferation. 
Interferon production appears to act as a feedback mechanism in normal hematopoietic proliferation. 
We are currently investigating the possibility that these cells expressing high levels of myc and sis are 
abnormal i n  their production and/or response to endogenous interferons explaining their unregulated 
production o f  growth factor. 
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T. W. Flickinger, N. J. Maihle, M. Raines, and H.-J. Kung, Dept. of Molecular Blology, Case Western 
Reserve University, School of Medicine, Cleveland, Ohio 44106. 

Avian Leukosis Virus (ALV) induces erythroblastosis in chickens by insertion into the middle 
of the host c-erb B locus. We have used cDNA clones corresponding to two alternate forms of the 
insertionally activated (IA) c-erb B transcripts (Nilsen et al., Cell, 1985) to generate stable quail 
fibroblast transformants expressing high levels of the IA c-erb B products. These clonally isolated 
cell lines have been used for analysis of the biosynthesis of IA  c-erb B products. We have prepared 
antisera directed against bacterially produced trpE fusion products for these studies. Two protein 
products are predicted from the deduced amino acid Tequence of the cDNA clones. Both initiate 
with the first six amino acids of gag p19, and one (env ) contains an additional 53 amino acids of eiiv 
gp85. Our results ifdicate that the two insertionally activated products are processed differently in 
fibroblasts; the env products undergo proteolytic processing and extensive terminal glycosylation. 
In contrast, the e n i  products are predominatly N-linked glycosylation intermediates, and are not 
proteolytically processed. The consequence of the addition of amino-terminal env sequences to a 
truncated growth factor receptor is the restoration of a functional "signal sequence", which may 
allow more efficient membrane association and/or membrane translocation. The influence of the 
env sequence as well as selective mutations on fibroblast transformation will be discussed. (T.W.F. 
is supported by USPHS training grant HD07104-11). 

INSERTIONAL ACTIVATION OF c-erb B RESTORATION OF A SIGNAL SEQUENCE 
AND ITS EFFECT ON PROTEIN PROCESSING AND TRANSFORMATION POTENTIAL. 

c 719 

We have shown that macrophages isolated fran murine mamnary tunors can induce mutation in the Pnes 
assay. Activated macrophages can also induce the appearance of drug resistant variants of mmary 
tunor cells. We have proposed that tmr-infil trating macrophages can, by acting on genetically 
unstable t m r  cells, induce t m r  cell diversity that may fuel progression. We now report that macro- 
phages can induce DNA strand breaks in tunor cell targets as detected by fluoranetric analysis of DM 
unwinding. These breaks occur after brief co-incubation (60 min.), at  macrophage-target cell ratios of 
1:l. and cause the equivalent damage of 900-1800 rads of irradiation. We found, t o  our surprise, that 
the level of macrophage activation correlated negatively with the ability t o  induce DNA strand breaks. 
That i s ,  unstimulated resident peritoneal macrophages induced the greatest nunber o f  strand breaks, 
primed (WE-2) macrophages expressed an intermediate level of activity while fully activated macro- 
phages were least active. Using inhibitors of reactive oxygen species or of arachidonate metabolism, 
divergent results were again seen for the different macrophage populations. Superoxide dimutase 600) 
or catalase alone each reduced the nunber of strand breaks induced by resident macrophages. The canbi- 
nation of the two was somewhat more protective. Indanethacin or NDGA were moderately protective in all 
experiments. In contrast, when WE-2 macrophages were examined, SOD was either not protective in 2/9 
experiments. or led t o  more strand breaks in 4/9 cases. Catalase was protective in half the tests. 
Thus, in the case of WE-2 cells, treatment with SOD may have led t o  more Hfl2 production. With 
these cells NDG4, which inhibits both cyclooxygenase and lipoxygenase metabolism of arachidonate, was 
never protective. These studies suggest that both oxygen-centered species and arachidonate metabolites 
my contribute t o  macmphage-induced DNA strand breaks in tunor target cells. 

MRCROPHAGE INDUCED DNA STRAND BREAKS IN TUMOR TARGET CELLS, Amy Fulton, Leslie Paul, 
Yen Chong and Gloria Heppner, Michigan Cancer Foundation, Detroit, MI 48201 

C 720 

Environmental Health Sctences, Research Triangle Park, N . C .  27709. 

Neoplastic progression of chemically transformed ra t  tracheal epithelial  ( R T E )  ce l l s  in 
vitro i s  a multistep process. We have examined oncogene expression in tumor-derived c long  

lines following transformation of primary RTE ce l l s  with MNNG.  D N A  from the 
tumor-derived l ines gave negative results when tested by the NIH 3T3 assay, suggesting 
t h a t  activation of the ras family of oncogenes did not  occur during neoplastic progression 
in th i s  system. However, when RNA from the tumor-derived l ines was hybridized with 15 
different oncogene probes, H-ras and a novel gene related t o  fms were expressed a t  
elevated levels (3-fold and 5 t o  20-fold, respectively) in t h r e e o u t  of five lines. 
Analysis of preneoplastic and neoplastic stages of the tumor-derived cell  l ines indicated 
t h a t  the fms-related gene was not  expressed by the transformed ce l l s  prior t o  tumor 
formation in vivo, suggesting t h a t  expression of th i s  gene occurs l a t e  in neoplastic 
progression. We are currently characterizing the biological role of th i s  gene by examining 
a panel of hematopoietic cell  lines which also express this fms-related transcript. I n  
addition, we are screening a cDNA library froin one of the tumo7derived lines t o  identify 
clones that may be used t o  further identify this gene and i t s  relevance t o  cellular 
transformation. 

A GENE RELATED TO fms EXPRESSED IN TRANSFORMED RAT TRACHEAL EPITHELIAL CELLS, 
Tona Gilmer, Paul E t e s h e i n  and Cheryl Walker, National Ins t i tu te  of 
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c 721 HODIPICATION OF C-POS AND C-HYC EXPRESSION IN MASTOCYTOMA CELLS BY cAIIP, 
Martyn D. Goulding and Raymond K. Ralph, Department of Cell Biology, 
University of Auckland, New Zealand 

Cyclic AMP (CAMP) alters the expression of the c-fos and c-myc proto-oncogenes in P815 
mastocytoma cells. Elevation of intracellular cAMP levels in P815 cells causes 
growth arrest and differentiation into mature mast like cells. The proto-oncogenes 
c-fos and c-myc are expressed in cycling cells only during late G1 phase/early S 
phase. of c-myc is not directly controlled by cAMP and the lowered 
expression of c-myc in cells where cAMP levels are elevated probably occurs because 
cells are arrested in a part of G 1  phase where c-myc is not normally expressed. 
Removal of cAMP results in an increase in c-myc expression that coincides with the 
entry of cells into S phase. In contrast, cAMP rapidly increases c-fos expression 
resulting in mRNA levels at least 50 fold higher after 15h. Increased expression 
occurs primarily by increased transcription of c-fos in the presence of CAMP, however 
c-fos mRNA is slightly more stable in the presence of CAMP. Removal of cAMP results 
in a rapid decrease in c-fos mRNA to undetectable levels 2h after removing CAMP. 
Increased c-fos expression in P815 cells is not associated with differentiation as 
temperature sensitive P815 cells that differentiate at non-permissive temperature show 
no increase in c-fos expression. 

Transcription 

c 722 EFFECT OF C-MYC DOWN-REGULATION ON F9 CELL DIFFERENTIATION. Anne E. Griep 
and Heiner Westphol. Laboratory of Molecular Genetics. NICHD. NIH. 
Bethesdo. MD. 20892. 

The murine terotocarcinoma cell line. F9. differentiates into porietol endoderm when 
treated with retinoic ocid. One of the eorliest known changes in gene expression 
after treatment with retinoic ocid is downregulation of the c - w  mRNA level. We 
asked whether expressing c - w  sense or ontisense genes under heterologous control 
would influence the ability of F9 cells to differentiate either in response to 
retinoic acid or spontaneously. 
We cotronsfected F9 cells with plosmid DNAs containing SV40 directed antisense c - w  
sequences and S V 4 0  driven neomycin resistonce gene. We found that tronsfection of 
antisense DNAs specificolly leod to spontoneous differentiation of F9 cells 0s judged 
by plosminogen octivotor assays performed approximotely one week after transfection. 
Furthermore, we were unoble to establish cell clones which expressed the ontisense 
c - w  constructs. When we cotronsfected F9 cells with DNAs containing S V 4 0  directed 
sense c - w  DNA and SV40 directed neomycin resistonce gene. we were able to establish 
cell clones expressing the tronsfected w gene. When treated with retinoic acid 
these clones exhibited resistonce to differentiotion as they produced much less 
plasminogen octivotor ond lominin thon did retinoic ocid treated control cell clones. 
Thus our results indicote that differentiotion of F9 cells requires downregulation of 
c-= expression. 

C 723 SPECIFIC IiVHIEITION OF C-MYC PROTEIN BIOSYNTHESIS USING USING AN 

Bellan, Douglas Ferris and Willian L. Farrar, National Cancer Institute, 
Frederick MD 21701. 
C-FE gene expression is a strict function of the cell cyc;e in T 
lynphocytes, in which it is activated only upon entry of the cells into a 
proliferative process. In order to gain further insight into the function of 
C - I . ~  gene, we specifically blocked it's expression using an antisense 15 mer 
deoxy-oligonucleotide, complenentary to the 5 '  2nd of the translated 
sequence. We show that "P-labeled oligonucleotide penetrates the cells 
without any treatment. Ine penetration seems to be a temperature dependent 
active phenomenon, also inhibited by giucaraldehyde fixation of the cells and 
resulted in a significant intracellular concentration of undsgraded 
oligonucleotide. Preincubation of huiran resting T lynphocytes with the 
antisense oligonucleotide prevented the subsequent induction of c-syc~ protein 
synthesis by PHA, as assessed by two dimensional gel analysis of "S-labeled 
proteins and immunoblotting using C-KITE spacific monoclonal antibodies. The 
antisense oligonucleotide prevented che lymphocytes from entry into S phase, 
regardless of the activating ligand used, whether PHA on resting T 
lymphocytes or Interleukin 2 on T lymphoblasts. The inhibition was specific 
since it was not observed with a control sense oligonucleotide and could be 
reversed by an excess of sense on antisense strand. 

ANTISENSE OLIGONUCLEOTIDE IN HUt.iAN T LYMPHOCYTES, Annick Harel- 
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C 724 ENHANCED EXPRESSION OF THE PROTO-ONCOGENES IN HUMAN FETAL 
KIDNEY, BRAIN AND RETINA. Hirvonen H.I, Sandberg M.2, Kalimo H.3, Hukkanen V.l, Salmi TT.4, Vuorio 
E.2, Alitalo K.2s5 Departments of Virology1, Medical BiochemistryP , Pathology3 and Pediatrics4. 
University of Turku, Turku. Finland, and Department of Virology5. University of Helsinki, Helsinki, Finland. 

proliferation and differentation, and are active in a wide variety of human tumors as well as during normal 
fetal development. We analysed the expression of the myr, genes in human fetal tissues of 16-1 9 gestational 
weeks by Northern blotting and by in situ hybridization. Enhanced expression of c - m ,  N - n y ~  and L-myr; 
mRNA's was detected in the kidney and in the brain. To further localize the expression and to assess eventual 
coexpression of the genes. in situ hybridizations were carried out. In the kidney, mesenchymal blastema- 
derived structures and cells showed a strong N - m  signal in in situ hybridization. N-myr; autoradiographic 
grains were primarily located over cells forming the excretory units and proximal and distal portions of the 
kidney tubules. In contrast, the collecting tubules reacted much less, and the undifferentiated mesenchymal 
cells showed mostly background radioactivity. N - w  expression was rather generalized in the brain, spatial 
differencies largely resulting from variations in cell density, whereas c -my~;  signal was pronounced in the 
ependymal zone. In the retina, N-myr, was expressed at high levels both in the ganglion and nuclear layers but 
not in the pigment cell layer. Interestingly, extrinsic ocular musculature showed a low but definite N - m  
mRNA signal. We conclude that expression of N-myr; in human fetal tissues is pronounced in cells originating 
from the mesenchymal blastema in addition to cells of neural origin. We are now in the process of localizing 
the L - w  mRNA's by in situ hybridization. 

The cellular proto-oncogenes of the family are regarded as key regulators of normal cellular 

C 725 ANALYSIS OF THE C-ERB 8-2 PROTO-ONCOGENE I N  HUMAN BREAST CARCINOMAS: CORRELATION 
OF GENE AMPLIFICATION; PROTEIN EXPRESSION AN0 CLINICAL PARAMETERS, N.E. Hynes*, 

M. Bergert,  G. Locher", W. G u l l i c k g  and Bernd Groner*, Ludwig I n s t i t u t e  f o r  Cancer 
Research (LICR), Bern Branch, I n s e l s p i t a l ,  3010-Bern, Switzerland* and LICR. Univ. College 
Branch, Londont. Women's Hospi ta l ,  Bern', and Chester Beat ty  Laboratory, London§. 

We have analyzed a se r ies  o f  primary human breast  tumors f o r  a m p l i f i c a t i o n  o f  t he  c-erbB-2 
proto-oncogene. Twenty-f ive percent (13/!~1) o f  the DNA samples contained m u l t i p l e  gene 
copies. Paraffin-embedded tumor ma te r ia l  was a v a i l a b l e  from 47 o f  the cases. We used a 
c-erbB-2 s p e c i f i c  antiserum ( G u l l i c k  e t  a l . ,  1987, I n t .  J. Cancer 40:246-254) t o  
imnunohistochemical ly s t a i n  the tumor sections. There was a c o r r e l a t i o n  (F0 .03 )  between 
tumors conta in ing amp l i f i ed  c-erbB-2 gene copies and p o s i t i v e  s t a i n i n g  w i t h  the c-erbB-2 
s p e c i f i c  serum. We a l s o  observed t h a t  some tumors con ta in ing  s i n g l e  copy c-erbB-2 
sequences were s t rong ly  s ta ined w i t h  the antiserum. This  suggests t h a t  mechanisms other  
than gene a m p l i f i c a t i o n  may lead  t o  e levated l e v e l s  o f  c-erbB-2 p r o t e i n .  F i n a l l y .  we 
observed a s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  between c-erbB-2 p r o t e i n  expression and 
parameters used i n  b reas t  cancer prognosis. P o s i t i v e  s t a i n i n g  was associated w i t h  the 
nodal s ta tus o f  the p a t i e n t  (p=O.O2) and w i t h  the nuc lear  grade o f  the tumor (p=O.O2). 
These r e s u l t s  suggest t h a t  the determinat ion o f  the l e v e l  o f  c-erbB-2 p r o t e i n  may be o f  
prognost ic  value f o r  the course o f  human breast  cancer. 

c 726 ACTIVATING MUTATIONS OF THE C - g  PROTOONCOGENE. 
Ba l t imore .  Whitehead I n s t i t u t e ,  9 Cambridge Center, Cambridge, MA 02144. 
S tud ies  o f  t h e  two major  c - g  protooncogene messages( types  I and I V )  suggest t h a t  
r e t r o v i r a l  overexpress ion  of  t he  genes cod ing  f o r  these two messages i s  n o t  s u f f i c i e n t  
f o r  t rans fo rma t ion  o f  mur ine  f i b r o b l a s t s .  
sequence f o r  N- te rmina l  m y r i s t y l a t i o n  and has an  N-terminus homologous t o  the  c-E 
protooncogene. 
d i f f e rences  between c--ST~ and v-G. 
t h a t  a c t i v a t e  c - g  I V ,  expresses i n  a r e t r o v i r a l  vec to r ,  t o  t rans form mur ine  f i b r o -  
b l a s t s :  1) a d d i t i o n  of  sequences; 2)  N- te rmina l  sma l l  d e l e t i o n s  and l i n k e r  
i n s e r t i o n s ;  3) C-termina l  p o i n t  muta t ions .  Lymphoid t rans fo rma t ion  b y  these v i r u s e s  
i s  under examinat ion.  These r e s u l t s  w i l l  be considered i n  l i g h t  o f  a model o f  
r e g u l a t i o n  of c - S  and b y  way of comparison t o  analogous muta t ions  i n  c - ~ c .  

Peter  Jackson and Dav id  

The type IV c - f i  gene has a consensus 

The l a c k  o f  t rans fo rma t ion  by  c - e  type  I V  i s  remin iscent  of  t he  
We have cha rac te r i zed  3 c lasses  o f  mu ta t i ons  
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c 727STRUCTURE AND EXPRESSION OF THE HUMAN L-MYC GENE REVEALA COMPLEX 
PATTERN OF mRNA PROCESSING, Frederic Kaye, James Battey, Marion Nau, 
Burke Brooks, Eric Seifter, Jacques De Greve, Michael Birrer. Edward Sausville, 
and John Minna. NCI-Navy Oncology Branch, National Cancer Institute and 
Naval Hospital, Bethesda, MD 2081 4. 

The L-myc gene was first isolated from a human small cell lung cancer (SCLC) cell line 
where it was detected by the presence of gene amplification and its sequence homology 
to c-myc and N-myc . We have analyzed in detail the structure of the L-myc gene 
isolated from human placental DNA and characterized its expression in several SCLC cell 
lines.The gene is composed of three exons and two introns spanning 6.6 kb in human DNA. 
Several distinct mRNA species are produced in all SCLC cell lines that express L-myc. 
These transcripts are generated from a single gene by alternative splicing of either the 
first or second introns and by use of alternative polyadenylation signals. In some mRNAs 
there is a long open reading frame with a predicted translated protein of 364 residues. 
Amino acid sequence comparison of this protein with c- and N-myc demonstrates 
multiple discrete regions with extensive homology. We have observed that alternative 
splicing of the first intron may affect the ability to generate a slightly larger protein 
containing an additional amino-terminal domain. In contrast. other mRNA transcripts, 
also generated by alternative RNA processing, could encode a truncated protein with a 
novel carboxy-terminal end. 

c 728 ONCOGENE EXPRESSlON I N  RADIATION-INDUCED LUNG TUMORS, Gregory K e l l y l ,  and 
Paul  R. Kerkof2, 11nha la t ion  Toxicology Research I n s t i t u t e ,  P.O. Box 5890, 
Albuquerque, N .  M. 
Albuquerque, N .  M. 87131. 

87185, and ZDept. of Biology, Un ive r s i ty  of N e w  Mexico, 

We are examining t h e  mechanisms r e spons ib l e  f o r  t h e  r a d i a t i o n  induced 
a c t i v a t i o n  of oncogenes i n  tumors, e s p e c i a l l y  tumors of t h e  r e s p i r a t o r y  tract .  
W e  have examined a s e t  of lung  tumors induced i n  Beagle dogs fo l lowing  exposure  
t o  238Pu02 or 239Pu02 by probing  a b a t t e r y  of 2 2  oncogene c lones  wi th  l a b e l e d  
c D N A  t r a n s c r i p t s  from t h e  tumors. W e  have i d e n t i f i e d  sequences s i m i l a r  t o  t h e  
v-myc oncogene over-expressed r e l a t i v e  t o  the  o t h e r  oncogenes examined i n  a 
239Pu02 induced lung tumor (1222T). The a lpha  dose w a s  400 r ad  a t  t h e  t i m e  of 
dea th  (2800 days)  f o r  t h e  239Pu02 induced tumor. I n  a d d i t i o n ,  sequences similar 
t o  t h e  erb-B oncogene are ampl i f i ed  f o u r  f o l d  i n  t h i s  and one o t h e r  239Pu02 
tumor (1070B). RNA do t  b l o t  a n a l y s i s  f a i l s  t o  d e t e c t  erb-B t r a n s c r i p t s  i n  t h e  
1 2 2 2 T  tumor. We have e s t a b l i s h e d  ce l l  l i n e s  from each of t h e  primary tumors i n  
our  i n i t i a l  set  of r a d i a t i o n  induced lung  tumors. The 12221 de r ived  ce l l  l i n e  
is  a b l e  t o  form tumors when i n j e c t e d  subcutaneous ly  i n t o  nude mice. The 1222T 
de r ived  cel l  l i n e  forms a s o l i d  carcinoma i n  a nude mouse t h a t  i s  i n d i s t i n g u i s h -  
a b l e  h i s t o l o g i c a l l y  from t h e  primary tumor. (Research sponsored by t h e  U.S. 
Department of Energy ' s  O f f i c e  of Heal th  and Environmental  Research under 
Con t rac t  No. DE-AC04-76EV01013.) 

c 729 

1. Labora tory  of Pathology, Na t iona l  Cancer I n s t i t u t e ,  2.  G.W. Hooper Foundation, Univ. of 
C a l i f o r n i a ,  San Franc isco ,  3. Labora tory  of Molecular Genet ics ,  Na t iona l  I n s t i t u t e  on Aging. 

We have employed a s e n s i t i v e  exonuclease  assay  t o  examine t h e  i n t e r a c t i o n s  of numerous, 
d i s t i n c t  t rans-e lements  w i th  cognate  sequences upstream of t h e  c-myc gene. P rev ious  s t u d i e s  
have i d e n t i f i e d  s e v e r a l  sequence domains in f luenc ing  c-myc express ion ,  p o s i t i v e l y  or negat- 
i v e l y ,  when assayed  wi th  a s t a b l e  t r a n s f e c t i o n  system. Binding s t u d i e s  have demonstrated 
t h e  i n t e r a c t i o n  of f a c t o r s  w i t h  a 57bp r eg ion  a s s o c i a t e d  wi th  decreased  l e v e l s  of c-myc ex- 
p re s s ion  and wi th  a repea ted  elemenE, probably a s s o c i a t e d  w i t h  t r a n s c r i p t i o n  from P1. We 
have ex tended  these  s t u d i e s  and demonstrated t h a t  t h e  nega t ive  element can b ind  a t  least  two 
chromatographica l ly  s e p a r a b l e  p r o t e i n s  as determined wi th  bo th  exonuclease  and g e l  r e t a r d a t -  
i o n  a s says .  Comparison of e x t r a c t s  from m u l t i p l e  cel l  l i n e s  i n d i c a t e s  t h a t  t h e s e  f a c t o r s  
a r e  no t  ub iqui tous .  One of t h e s e  p r o t e i n s  b inds  t i g h t l y  t o  a 22bp sequence of t h e  gibbon 
ape  leukemia v i r u s ;  t h i s  22bp segment posses ses  enhancer a c t i v i t y  and b inds  a 40kD p ro te in .  

Numerous o t h e r  l o c i  of protein-DNA i n t e r a c t i o n s  have  been i d e n t i f i e d ,  some occur r ing  more 
than  2kb upstream of  P1. Seve ra l  of t h e s e  i n t e r a c t i o n s  are c e l l  type  s p e c i f i c  or are regul -  
a t ed ,  probably r e f l e c t i n g  a l t e r a t i o n s  of  c-myc t r a n s c r i p t i o n .  Other p r o t e i n s  b ind  t o  spec l -  
f i c  s i tes  b u t  have n o t  been observed t o  va ry  w i t h  growth cond i t ions ,  c e l l  type ,  or c-myc ex- 
p re s s ion .  The r o l e  of t h e s e  c o n s t i t u t i v e  b inding  f a c t o r s  i n  c-myc t r a n s c r i p t i o n ,  i f  any, 
remains t o  be e luc ida ted .  A clear d e s c r i p t i o n  of c-myc r e g u l a t i o n  w i l l  n e c e s s i t a t e  t h e  e luc-  
i d a t i o n  of  t h e  mechanisms of i n t e r a c t i o n  of t h e s e  many f a c t o r s  over  s e v e r a l  k i lobases .  

MULTIPLE DIgCRETE FACTORS INTERACT WITH C-MYC UPSTREAM SEQUENCES, M. Avigan', 
M. Takimoto , J. Quinnl,  N .  HayZ, N. Holbrook3, J . M .  Bishop', and D. Levens l ,  



Growth Factors and Their Receptors: 
Genetic Control and Rational Application 

C730 EXPRESSION OF TRANSIENTLY-INDUCIBILE GENES IN TWO MOUSE EMBRYO CELL 
LINES AND THEIR CORRESPONDING TPA-NONRESPONSIVE VARIANTS, R. W. Lim, 
B. Livingston, B. Varnum and H. R. Herschman, Dept. of Biological 
Chemistry, Univ. of California at Los Angeles, Los Angeles, CA 90024 

We have previously cloned a set of TPA inducible (TIS) cDNAs which are 
transiently expressed when Swiss 3T3 cells are stimulated by other mitogens 
including FGF and EGF. TPA appears to activate gene expression by a protein 
kinase C dependent pathway. Pretreatment of cells with TPA leads to a 
depletion of kinase C, and drastically reduces the ability of TPA to further 
induce TIS gene expression. Stimulation by EGF and FGF is only partially 
inhibited. The data suggest that EGF and FGF activate TIS genes through 
both kinase C dependent and independent pathways. Expression of these TIS 
genes has also been examined in 2 independently derived TPA non- 
proliferative variants (TNRZ & TNR9) of Swiss 3T3 cells: as well as in a 
Balb 3T3 cell line (A31T6) and its variant (A31T6E12A) selected for the 
inability of TPA to stimulate the sodium/potassium/chloride cotransport 
system. None of the 3 variants proliferate in response to TPA but all 3 
show a mitogenic response to serum. The TIS genes are all inducible by TPA 
in these TPA nonresponsive variants. Interestingly, expression of one of 
the TIS qenes (TIS 1) in at least two of the variants (TNR2 & TNR9) persists 
at a high level following TPA induction. Stimulation of the same gene by 
serum remains transient. Possible involvement of this and the other TIS 
genes in the mitogen stimulation/response pathway is being investigated. 

c 731 REGULATION OF THE ppS61Ck PROTEIN TYROSINE KINASE MECHANISMS OF 
INVOLVEMENT IN ONCOGENESIS. Jamey D. Marth, Jonathan A. Cooper, Connie S. King, 

Steven F. Ziegler, Donald A. Tinker, Robert W. Overell, Kathryn E. Meier, Edwin G. Krebs, and Roger M. 
Perlmutter. Howard Hughes Medical Institute SL-15, the Immunex Corporation, and the Fred Hutchinson 

y y l y  and is 
Cancer Research Center, University of Washington, a tle, WA 98195 
The lymphocyte-specific protein tyrosine kinase pp56 is encoded by a member of the sre gene f 
implicated in the control of T cell development and oncogenesis. By phosphopeptide mapping, pp56 is 
phosphorylated in vivo at a carboxy-terminal tyrosine residue (Tyr505) analogous to Tyr527 of pp60c-src. 
Substitution of phenylalanine for tyrosine at this position results in increased phosphorylation of a second 
tyrosine (Tyr394) and is associated with a 3-5-fol crease in kinase activity. In addition, this single point 
mutation unmasks the oncogenic potential of pp5@? Viewed in the context of similar results obtained with 
pp60c-src, it is likely that the enzymatic activity and transforming ability of all src-family protein tyrosine 
kinases can be regulated by carboxy-terminal tyrosine phosphorylation. In the murine lymphoma LSTRA, 
overexpression of Ick mRNA as a result of retroviral insertion produces a kinase Dr t in that despite wild-type 
primary structure is nevertheless hypophosphorylated at TyrSO5. The level of ppS6pc' protein is elevated over 
50-fold in LSTRA cells compared to the YAC-I lymphoma. Retroviral insertion at the lek locus in LSTRA 
cells results in only a 7-fold increase in Ick mRNA levels. However, the LTR-let fusion transcript produced 
lacks 5' untranslated sequences present in normal thymocytes. Site-directed mutagenesis and expression studies 
reveal that this region lowers the translational efficien of the lck mRNA transcript by over 7-fold. These 
observations suggest that the 50-fold increase in pp56" abundance in LSTRA may titrate out elements that 
direct the pho horylation of Tyr505 in lymphoid cells. It thus see s likely that normal lymphocytes can 
regulate pp56" activity by controlling both the abundance of pp56nlek and its phosphorylation state. 

? l c  

c 732 CONTROL OF r a s  p21 GTPase ACTIVITY BY A CELLULAR PROTEIN, F. McCormick, M. Trahey, 
B.  Rubinfeld,  G .  Wong and H. Adari Cetus Corporation, 1 4 0 0  53rd S t ,  Emeryville Ca 
94608 

Cytoplasmic e x t r a c t s  from Xenopus oocytes  and mammalian cells have been shown t o  
s t imu la t e  GTPase a c t i v i t y  of normal N-ras p21, bu t  have no effect on oncogenic mutants 
(Trahey and McCormick, Science,  i n  p r e s s ) .  A s  a r e s u l t ,  t h e  normal proto-oncogene 
product is maintained i n  t h e  i n a c t i v e  GDP-bound s t a t e ,  whereas oncogenic mutants a r e  GTP- 
bound, with high b i o l o g i c a l  a c t i v i t y .  The p r o t e i n  r e spons ib l e  f o r  GTPase s t imu la t ion ,  
r e f e r r e d  t o  as GAP (GTPase a c t i v a t i n g  p r o t e i n ) ,  has a n a t i v e  molecular weight of about 
60,000 da l tons .  Its a b i l i t y  t o  s t imu la t e  p21 GTPase is reduced by r e l a t i v e l y  l o w  s a l t  
concen t r a t ions ,  and enhanced by Mg++. GAP a c t i v i t y  has  been detected i n  e x t r a c t s  from 
a l l  mammalian cells tested so f a r ,  a s  well  a s  i n  e x t r a c t s  from i n s e c t  c e l l s .  However, 
e x t r a c t s  from S. c e r e v i s i a e  and from S. pombe have f a i l e d  t o  s t i m u l a t e  r a s  p21 GTPase 
a c t i v i t y .  T h e  s ign i f i cance  of GAP i n  t h e  r egu la t ion  of r a s  p21 func t ion  w i l l  be 
discussed.  
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c733 ACTIVATION OF O N C O G E N E  TRANSCRIPTION AFTER I L 3  T R E A T M E N T  OF I L 3  

a n d  J o h n  P ,  McKearn ,  M e d i c a l  P r o d u c t s  D e p a r t m e n t ,  E ,  I .  d u P o n t  d e  Nemours ,  
500  S .  R i d g e w a y  A v e n u e ,  G l e n o l d e n ,  PA. 1 9 0 3 7 .  

DEPENDENT LYMPHOID AND MYELOID STEM CELL LINES,  James A .  McCubrey  

We h a y e  c o m p a r e d  t h e  l e v e l s  o f  n a s c e n t  ( N u c l e a r  r u n o f f )  a n d  s t e a d y  
s t a t e  C n o T t h e r n )  t r a n s c r i p t i o n  o f  o n c o g e n e ,  g r o w t h  f a c t o r  r e c e p t o r ,  
I m m u n o g l o b u l i n ,  T c e l l  r e c e p t o r  a n d  h o u s e k e e p i n g  g e n e s  i n  T L 3 - d e p e n d e n t  
l y m p h p i d  (FL5 .12)  a n d  m y e l o i d  (FDC-PI) c e l l  l i n e s  a s  w e l l  a s  B ,  T ,  
m a c r o p h a g e ,  a n d  f i b r o b l a s t  c e l l  l i n e s .  The  I L 3 - d e p e n d e n t  c l o n e s  were 
s y n c h r a n i z e d  i n  Go a n d  t h e n  p u l s e d  w i t h  I L 3  f o r  v a r i o u s  t i m e  i n t e r v a l s ,  
The  s t a g e  o f  t h e  c e l l  c y c l e  a t  v a r i o u s  t i m e  i n t e r v a l s  w a s  d e t e r m i n e d  b y  
FACS a n a l y s i s .  A l i q u o t s  o f  t h e  c e l l s  were i s o l a t e d  a n d  d i v i d e d  i n t o  t y o  
f r a c t i o n s ,  o n e  f o r  n u c l e a r  r u n o f f  e x p e r i m e n t s  a n d  t h e  o t h e r  f o r  p o l y  A+ 
R N A  e x t r a c t i o n s .  The  p a t t e r n s  o f  I L 3 - i n d u c e d  t r a n s c r i p t i o n  f o r  many 
o n c o g e n e s ,  I g ,  TcR a n d  h o u s e k e e p i n g  g e n e s  o b s e r v e d  i n  t h e  two I L 3 -  
d e p e n d e n t  c e l l  l i n e s  a r e  s i m i l a r ,  h o w e v e r ,  d i s t i n c t  d i f f e r e n c e s  i n  
n a s c e n t  t r a n s c r i p t i o n  ( c e l l  c y c l e  s p e c i f i c )  w a s  o b s e r v e d  b e t w e e n  t h e  
two c e l l  l i n e s  f o r  a s u b s e t  o f  o n c o g e n e s ,  T h e s e  d i f f e r e n c e s  may b e  
r e l a t e d  t o  t h e  h e m a t o l o g i c a l  o r i g i n s  o f  t h e  two  c e l l  l i n e s  a n d  w i l l  b e  
d i s c u s s e d .  

c734 OF EXFRESICN W l", Joseph L. Me~~ina, 

Insulin is known to affect the cellular levels of m y  different mmas. We have 
shm that insulin alone stimulates the accumulation of a specific ~ N A  (tern& 
p33) in serum-deprived rat H4 hepatama cells (JEC 260: 16418, 1985).  ?here was 
both a transcriptional and a post-transcriptional effect of insulin on this m. 
Here we shod that insulin can regulate the transcription rate of 2 pmto-orcqenes, 
c-myc and c-fos, in rat heptcana cells. ?he control of c-myc by insulin was 
complex, with an initial insulin-induced decrease in c-myc transcription (to 
approximately 50% of control) at 15-30 min. Howwer, this was follmed by an 
increase in transcription of about 3-fold by 60-120 min. Insulin's control of c- 
fos transcription was less complex. mere was a rapid, dose-dependent increase in 
c-fos transcription of 7-fold folloding 15-30 min of insulin addition ( 5  x 10%). 
'Ihe increase in c-fos was transitory, returning towards baseline transcription 
rates within 120 min. ?he increase in transcription of c-myc and c-fos was 
dependent on the dose of insulin added to the H4 cells, with a maximal 
concentration of approximately 1 x 10-8~. ~ n s ~ l i n  is knmn to increase DNA 
synthesis and cell division in the H4 cell line. Alterations in c-myc ard c-fos 
gene expression have been correlated with changes in cell division and 
differentiation in several other Systahs. ?bus, insulin's first action i n  
initiating cell division m y  he to regulate the levels of c-myc and c-fos mRNAs. 

Dept. of Fhysiology, SUNY Health Science Center, Syracuse, N.Y. 13210 

c 735 F U N C T I O N A L  SIGNIFICANCE OF P53 ONCOGENE INACTIVATION I N  E R Y T H R O L E U K E M I A  CELL 

Manitoba I n s t i t u t e  of C e l l  Biology, Winnipeg, Manitoba, Canada R3E OV9. 
The o b j e c t i v e  of t h e s e  s t u d i e s  is  t o  determine t h e  s i g n i f i c a n c e  and mzchanisms of 

rearrangement of t he  p53 oncogene i n  the  mul t i s tdge  e ry thro leukemia  induced by Fr iend  
leukemia v i r u s .  We have previous ly  desc r ibed  s e v e r d l  e ry thro leukemia  c e l l  l i n e s  a l t e r e d  in  
h e i r  express ion  of p53 [Mowat e t .  a l .  (1985) Nature ,  314:633-636, Chow e t .  a l .  (1987)  
J .  of V i r o l . ,  61:2777-27313. Some c e l l  l i n e s  do not exprYss p53 whereas o t h e r s  expres s  a 
t runca ted  p53 p ro te in .  Ce l l  l i n e s  not  expres s ing  p53 shor  reduced tumor forming a b i l i t y  
compared t o  t h e  p53 expres s ing  c e l l  l i n e s .  We wanted t o  know what s e l e c t i v e  meChdniSm 
a l lows  outgrowth of p53 non-expressing c e l l  l i n e s  in  s p i t e  of reduced tumor igen ic i ty .  To 
t e s t  the  p o s s i b i l i t y  t h a t  t h e  loss  of p53 expres s ion  a l lows  c e l l s  t o  escape  t h e  adap t ive  
immune r e sponse ,  we have compared the  ddap t ive  s t i m u l a t i o n  and s u s c e p t i b i l i t y  t o  the  immune 
response  between p53 expres s ing  and non-express ing  c e l l  l i n e s  i s o l a t e d  from t h e  sdme 
mouse. We have found the  p53 non-expressing c e l l  l i n e ,  w i th  rearrangement of both a l l e l e s  
of the  p53 gene ,  s t i m u l a t e s  poorly a s  we l l  a s  being l e s s  s u s c e p t i b l e  t o  s p l e n i c  c y t o l y s i s  
compared t o  t n e  p53 expres s ing  c e l l  l i n e .  This  c y t o l y s i s  was due t o  T-lymphocytes. We w i l l  
be r e p o r t i n g  o n  o the r  matched s e t s  of c e l l  l i n e s .  To understand the  mechanism of p53 gene 
redr rangements ,  we have cloned both a l l e l e s  of t he  p53 gene from one c e l l  l i n e .  We have 
found i n s e r t i o n  of sequnces r e l a t e d  t o  t h e  he lpe r  v i r u s  FMULV i n t o  both  a l l e l e s  of p53. We 
w i l l  be p re sen t ing  d e t a i l e d  molecular a n a l y s i s  of t h e s e  c lones .  These r e s u l t s  i n d i c a t e  t h a t  
i n a c t i v a t i o n  of an oncogene may a l s o  p lay  a r o l e  in  tumor p rogres s ion .  

LINES: ESCAPE FROM THE ADAPTIVE I M M U N E  RESPONSE. M .  Mowat, G. Hicks ,  D .  Chow 
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C 736 SIFULTANEOUS~GENETIC TRANSFE~ OF THE RADIORESISTANT AND~TRANSFORMING PHENOTYPES, 
K.F. P i r o l l o  , U.A. R la t tne r  , and E.H.  Chang , USUHS, N C I ,  Bethesda, MD 20814 

The non-cancerous s k i n  f i b r o b l a s t s  (NCSF) of members of a cancer  prone family d i sp lay ing  the  
Li-Fraumenisyndrome, which i s  manifested i n  a v a r i e t y  of neoplasms, were found t o  e x h i b i t  
t he  unique c h a r a c t e r i s t i c  of r e s i s t a n c e  t o  t h e  k i l l i n g  e f f e c t s  of  i on iz ing  r a d i a t i o n  (RR). 
Northern hybr id i za t ion  has  revealed a 3-8 fo ld  e l eva t ion  i n  the  expression of c-myc i n  t h e  
P!CSF of sew-a1 family members but not  i n  those of normal con t ro l s .  S imi l a r  hybr id i za t ions  
with seve ra l  o the r  oncogenes showed no abnormal l e v e l s  of expression.  
one of t he  h ighes t  l e v e l s  of c-= expression a l s o  exh ib i t ed  t h e  most prominent RR phenotype. 
When HMW DNA from t h i s  NCSF w a s  t r a n s f e c t e d  i n t o  NIH3T3 c e l l s  t he  t r a n s f e c t a n t s  produced tum- 
o r s  i n  nude n i ce .  Secondary and t e r t i a r y  (3') Alu+ tumors were obtained.  Of  t h e  oncogenes 
t e s t ed  by Southern a n a l y s i s  s t rong  homology was shown only between t h e  human t ransforming 
sequences and r a f .  A s i n g l e  c e l l  c l o n a l  l i n e  der ived from one such Mu+, raf+ 3" tumor was 
found t o  have %-elevated RR l e v e l  comparable t o  t h a t  of t h e  NCSF l i n e  from which the  donor 
DNA was o r i g i n a l l y  obtained.  Therefore ,  it appears  t h a t  t he re  has  been a concominant t r ans -  
f e r  of  both the  RR and t h e  t ransforming phenotypes. Evaluat ion of t h e  RR l e v e l s  o f  a s e r i e s  
of c e l l  l i n e s  obtained by t r a n s f e c t i o n  of va r ious  oncogenes i n t o  NIH3T3 c e l l s  revealed t h e  
fol lowing r e s u l t s .  The c-myc and v-fes t r a n s f e c t a n t s  had a normal RR l e v e l ,  comparable t o  
t h a t  of t he  r e c i p i e n t  N I H 3 T c e l l s .  
v i rus )  and t r a n s f e c t a n t s  showed a markedly increased RR l e v e l ,  similar t o  t h a t  
displayed by t h e  3' tumor and the  o r i g i n a l  NCSF l i n e s .  
r e l a t i o n s h i p  between the  presence o f  c e r t a i n  ac t iva t ed  oncogenes and t h e  RR phenotype. 

The NCSF l i n e  wi th  

I n  c o n t r a s t ,  v-E. MH2 (a v-mil(raf) /c-% containing 

Therefore ,  t h e r e  appears  t o  be a 

c 737 Inves t iga t ion  o f  E - 2  Function by Gene Transfer and Anti-Sense Oligonucleot ides .  
Reed J . ,  Tsujimoto, Y.*, Croce, C . * ,  and  Nowell, P .  University of Pennsylvania and 

"Wistar I n s t i t u t e ,  Phi ladelphia  PA. 

The &J-2 gene is  involved i n  t (  1 4 ; l a )  chromosomal t r ans loca t ions  i n  follicular 
lymphomas, and is t r ans i en t ly  t ranscr ibed i n  human lymphocytes when s t imulated t o  
p r o l i f e r a t e .  This  gene has  thus been postulated t o  play a r o l e  i n  abnormal and normal 
lymphocyte growth. To explore  the  funct ions o f  t he  human m - 2  gene, we have introduced 
- bcl-2 DNA sequences,  under the  con t ro l  o f  s t rong c o n s t i t u t i v e  promoters, into lymphoid and 
f i b r o b l a s t  c e l l s .  Transfect ion of m-2 cons t ruc t s  i n to  f r e sh ly  i so l a t ed  r a t  embryo 
f i b r o b l a s t  (REF) c e l l s  demonstrated tha t  w-2 can s u b s t i t u t e  for c-% i n  complementing 
with an ac t iva t ed  Ha-c-= oncogene t o  morphologically transform these  c e l l s .  REF c e l l s  
transformed by m-2 plus pas formed colonies  in s o f t  agar  and tumors in nude mice, thus 
providing func t iona l  evidence for  the oncogenic po ten t i a l  of t he  E - 2  gene. 
Electroporat ion of recombinant m-2 sequences in to  J U R K A T  c e l l s  (human T c e l l  leukemia) 
reduced accumulation of endogenous E - 2  m R N A s ,  i nd ica t ive  of a feedback suppression 
mechanism. Cultur ing leukemic B c e l l s  and normal per ipheral  blood lymphocytes with 
s y n t h e t i c  ol igonucleot ides  (20 '  mers) complementary (ant i -sense)  t o  s t r a t e g i c  loca t ions  in  
- bcl-2 m R N A s  s p e c i f i c a l l y  inh ib i t ed  t h e  growth o f  these c e l l s .  Taken toge the r ,  our 
f ind ings  provide evidence f o r  a funct ional  r o l e  f o r  E - 2  in t h e  regulat ion of normal and 
neop las t i c  lymphocyte growth. 

C 738 NUCLEAR ONCOGENES RESCUE V-HA-RAS -INDUCED GROWTH ARREST IN SCHWA" CELLS 
A. 1. Ridlcy+, M. Noble* and H. Land+ 

+Imperial Cancer Research Fund, P.O. Box No. 123. Lincoln's Inn Fields. London WC2A 3PX. U.K. 
*Ludwig Institute for Cancer Resarch at Middlcscx Hospital. Riding House St. London WlP 5PR. U.K. 

We are using homogenous populations of normal rat Schwann Cells as a model system to study the molecular 
mechanisms that undedie oncogene cooperation. In order to investigate the effect of single or multiple oncogenes. we 
have sequentially introduced a temperature-sensitive SV40 Large T gene and the viral Ha-mas oncogene into these cells. 

The effect of the v-Ha-rus oncogene on Schwann cell growth is dramatically different in the presence or absence of 
SV40 Large T. In cells expressing Large T at thc permissive temperature v-Ha-ras causes transformation. frees the 
cells from the requirement for exogenous growth factors. induces growth factor secretion and increases the cell growth 
rate six-fold. In the absence of functional Large T. at the non-permissive temperature, it induces growth arrest without 
evidence of differentiation. This arrest is fully reversible both on shifting the cells back to the permissive temperature. 
and on introducing the nuclear oncogenes v-myc or adenovirus EIA at the non-permissive temperature. FACS analysis 
indicates that the cells arrest in both the GI and G2 stages of the cell cycle. Schwann cells expressing only the u Large 
T gene continue to grow normally at the non-permissive temperature. 

These data indicate that in !his system oncogene cooperation is not simply due to the combined actions of two 
different oncogenes. The changes in cell growth induced by v-Ha-ras are dependent on the cellular and genetic 
background in which it is expressed. 
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c 739 

Michael Klagsbrun*, The Whitehead Institute, Cambridge, MA and *Children's Hospital, 
Harvard Medical School, Boston, MA. 

cognate cell surface receptor, we introduced the bFGF genes without or with an artificial 
signal sequence into the receptor positive NIH 3T3 fibroblasts. Two mammalian expression 
constructs were made: one containing the native bovine bFGF cDNA (pbFGF), and another 
containing the 19 amino acid mouse heavy chain IgG signal sequence fused in frame with the 
initiation of the bFGF coding sequence (pIg-bFGF). Both constructs were cotransfected into 
NIH 3T3 cells with a dominant selectable marker, and clonal cell lines expressing high 
levels of bFGF were selected. Both constructs induced expression of bFGF that is im- 
munologically positive, biologically active, binds to heparin-Sepharose and elutes at 1.51 
NaC1. NIH 3T3 cells transfected with pbFGF and expressing the native 18Kd bovine bFGF 
appear to have only slightly greater saturation density and serum independence in culture 
and a low frequency of tumorigenicity in the syngeneic NSF mice. In contrast, the cells 
transfected with the pIg-bFGF construct are focus forming, have transformed morphology and 
are consistently tumorigenic in NSF mice, although they also do not secrete the growth 
factor into the extracellular medium. The hybrid, unlike the native protein, appears to be 
entering an intracellular compartment from where it has a direct access to the receptors 
and their activating mechanisem. Our cell lines can serve as a model system for studying 
transformation by a growth factor via an apparently direct, intracellular autocrine loop. 

BASIC FIBROBLAST GROWTH FACTOR (bFGF) IS A TRANSFORMING PROTEIN WHEN 
FUSED TO A SIGNAL PEPTIDE, Snezna Rogelj, Robert A. Weinberg, Paul Fanning* and 

To investigate how the apparently intracellular bFGF finds and activates its 

C 740 ANALYSIS OF SPLEEN FOCUS-FORMING VIRUS-INFECTED CELLS FOR EPO PRODUCTION AND EPO 
RECEPTORS, Sandra Ruscettil and Francis Ruscetti*, National Cancer Institute 
Bethesda, MD 208921 and Frederick Cancer Research Facility, Frederick, MD 217013 

The polycythemia-inducing strain of the spleen focus-forming virus (SFFVp)induces an acute 
erythroleukemia in mice. Erythroid cells from these mice are altered in their hormonal 
requirements for growth and differentiation. Normal erythroid cells require erythropoietin 
(Epo) for proliferation and differentiation. while erythroid cells infected with SFFVp 
proliferate to high levels in the apparent absence of Epo. The unique envelope protein 
encoded by this virus is responsible for its biological effects. Since this protein appears 
to interact with a target present only in erythroid cells and since Epo is specific for 
these cells, it is possible that the virus is exerting its effect through this hormone. In 
an effort to ascertain if this is the case, we examined cells from SFFVp-infected mice to 
determine (1) if they produce Epo or other erythroid growth factors and ( 2 )  if they express 
elevated numbers of Epo receptors that may result in a reduced requirement for the level of 
Epo required for growth and differentiation. Our results indicate that SFFVp-infected cells 
do not secrete Epo or  any other erythroid growth factors that could account for the reduced 
hormonal requirements of these cells. Also ,  our studies using iodinated Epo in cell binding 
assays as well as cross-linking studies indicate that SFFVp-infected cells are not signi- 
ficantly different from normal erythroid cells in the number or quality of their Epo 
receptors. We are currently investigating the possibility that the virus may be exerting 
its effect on a postreceptor step in the Epo signal transduction pathway. 

c 741 AUTOSTIMULATORY MECHANISMS OF ONCOGENESIS IN MYELOID CELLS, Schrader, J.W., 
Leslie, K.B., Ziltener, H.J. and Clark-Lewis, I .  The Biomedical Research Centre, 
The University of British Columbia, Vancouver, BC, V6T 1W5. 

Examples of the autologous production of particular cytokines by lympho 
A series of cytokines stimulate the division or differentiation of lympho-hemopoietic 
cells. 
hemopoietic cells with resultant autostimulation, are now known to occur both 
physiologically and as a result of genetic aberrations in the regulation of cytokine 
production. The pathological production of autostimulatory cytokines can be a critical, 
oncogenic step in the genesis of lympho-hemopoietic tumors, both in vivo and in in vitro 
models, including those in which cells have been infected with retroviruses directing the 
constitutive expression of growth factors. It is not clear whether autostimulation due 
to the autologous production of a growth factor, whether physiological or pathological, 
requires secretion of the factor (i.e. an "autocrine" mechanism) or can be mediated by 
the interaction of the factor and its receptor inside the cell. Experiments on the 
effects on autostimulatory leukemias of antibodies specific for the growth factor or its 
receptor will be presented. 
also be discussed. The importance of characterizing the biologically relevant receptors 
for growth factors and resolving discrepancies between biological data and data generated 
by studies on the binding of radiolabelled factors will be addressed, together with 
information on the structure-function relationships of IL-3 and GM-CSF molecules. 

Evidence for a third "paracrine" oncogenic mechanism will 
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C 742 EFFECTS OF GROWTH FACTORS ON D N A  SYN'THESIG iN Rs-TRANSFECTED FIBtiJBL4ST LJNES 
DIFFERING IN METASThrIC PROPERTIES, L . C .  SL'!iwarz, M.C. G i n g r a s ,  A . H .  Cr-.inberg, 

J.A. Wright, Mdnicobd Inst iLutf  of Cell Biology, Winnipr'g, Mdiirobd, C d r l a i l d ,  R3E OVS. 
Lines were obtained by e i rher  LransfecLion of l O r l / 2  c e l l s  w i t h  T24 l l - r s  ( N R 4  drid C j l ,  or  
by trrdtment w i t h  rddiat ion (MDSR.5). Tii'so ~ ~ 1 1 s  w t ' r t -  p r ' e v i o u s l y  shour. t o  v d r y  I n  t n e l r  
mctastnLic J n C  tumorigtnic pottntijl ( & a n  c t  a L . ,  IWl. C e l l .  5101. c:bjO, 1 9 8 7 ) .  M t ~ d s ~ d -  
t i c  potent ia l  inversely c o r ' r e L c t d  i i t h  strum s t p t n d t n c , . .  Ce l l s  w ~ r t  exposea for. ;4 hrs  t o  
1 O b  FBS or' 3 di.fined m ? d i u m  ( D M )  ECF.  Cc l l s  'dert! r.'wri p l d t e d  w i t h  on. of PDGF, bFGF, of' 
T G F - ~  fcr- k 2 . 5  rrs. DIIA synLncsis wrs d s ~ e r m i i ~ i c i  ut,ing -(H-Tdil. 4n  i r ~ d ~ x  of siimuldt Lon 
(IS) wrls aittrmined a s :  dpm i n  tilt pr,.si.nce of growth fdczor /up rn  i n  Lh: abstnct  of grouth 
f d z o r .  C ? l l s  whicn wore  not t.umorig?n~c or m e t i s t i t i ~  (1UTl/2) p r @ d b ~ : e d  tn,: l-rgrsr IS i n  
rtsponsf LO PDGF ( I S  = 2 7 . t i j ,  * n d  bFGF ( I S  = 3 3 . 0 )  in trie dbstnce of ECF.  ECF incre3st-d 
t h i s  response. C e l l  l i n L s  w l l l i h  ? d ' ~ ~ r a  (MDSR.>l 0 '  hzd LON m G t z S L i t i 2  poL;ritial ( N R 4 1  and 
were turnurigenic, w ~ r e  much l ess  s t i i s i t i v t  :o  a l l  BrodLh f b c t o r s .  The most mt'tastdLic d n d  
tumorigenic c e l l  l i n e ,  C3. W:JS also ?iss s c r i s i t i v t  t o  PUGF i n d  bFGF (IS = 1.0 =.no IS = 13.0 
respec t ive ly)  t h d n  1 0 T 1 / ,  - e l l s  i n  D M  y EGF. WF-6 1r i ! i iDiLrd  d l l  c e l l  l i n r s  except. C 3  I n  
t n ?  bbs+nce of ECF .$no vdribble r t s p o r s t s  o c c u r c - a  i n  I% prt:stni,r of' ECF.  C3 c.-.lis w w t  
stimu1dtt.o by  TGF-6 ( is  = 3 . 5 )  i n  DM y EGF. A l l  ( :ell l j n c s  p roduced  d lower IS i n  I d  FBS 
than I ?  DM. In summary,  H-ris tr:fisfcct.?a crlls l o s t  t w i r  rcspor.siv.',ncss Lo PDCF, bFGF 
and ECF i s  t h e y  bc-cdme tumorigrni; a i d  more m t t  3staLit. ' .  I nwedsea  metasLrltic potent idl  may 
a l so  b i  d u e  t o  a mmplete?y d l t r r ~ d  rtsl;uns'' Lo TCF-B -,nd EGF d s  obsrrv-.a i n  C3 ctlls. 

- 

C 743 EXPRESSION OF ONCOGENE PRODUCTS IN TRANSFORMED AND NON-TRANSFORMED CELLS: 
FLUORESCENCE ACTIVATED CELL SORTER ANALYSIS. Doris L. Slate and Nicholas Bruno, 

Syntex Research, Palo Alto, CA 94304 

Since fluorescence activated cell sorter (FACS) analysis provides data at the 
individual cell level, it should prove useful in studying protein expression in hetero- 
geneous tumor cell populations and can provide information to complement immuno- 
precipitation and Western blot assays. 
o f  oncogene products in a variety of cell lines. In pilot experiments, we found great 
variation in epidermal growth factor (EGF) receptor expression in human carcinoma cell 
lines; A431 epidermoid carcinoma cells had very high levels of EGF receptor expression, 
consistent with previous work on EGF binding and receptor mRNA levels in this line. 

In order to study intracellular protein expression, we employed a number of different 
fixation/permeabilization protocols including the use of lysolecithin, paraformaldehyde t 
various detergents, and ethanol fixation. Results with a series of NIH 3T3 cell lines 
transfected with v-Hras. EJ-ras, and & (provided by Dr. Douglas Lowy, National Cancer 
Institute) indicated that lysolecithin permeabilization resulted in the best specific 
staining for ras p21, although all the evaluated techniques gave the same relative rank 
order for expression. 

discuss our results with other antigen/antibody combinations. 

We have used FACS analysis to study the expression 

We are continuing our studies with antibodies against other oncogene products and will 

c 744 CELGCYCLE DEPENDENT EXPRESSICN OF PROT@ONCCGENES DURING STIMULATICN OF NORMAL HUMW 
ELYMPHCC"ES, Erlend B. Snelandl, Heidi K. Blanhoffl, Steinar  Fmderudl, ,iacques 
Ghysdaelz, Erik eOye3, Lab. f o r  Immunolqy 
Norway; ZIns t i tu t  Pasteur ,  L i l l e ,  France; b e p t .  of Biophysics, I n s t i t u t e  f o r  Cancer 
Research, &lo, Norway. 

I n s t i t u t e  f o r  Cancer Research, &lo, 

Normal Elymphccytes a r e  s u i t a b l e  f o r  s t u d i e s  of cell cyc le  dependent express im i n  d i f f e r e n t  
genes. C i rcu la t ing  B lymphocytes in peripheral  blocd a r e  i n  a p h y s i o l q i c a l  resting s t a t e ,  
and they can be st imulated i n t o  pro l i fe ra t ion  i n  v i t r o  by addi t ion of ant ibodies  aga ins t  
surface molecules and/or f a c t o r s  ac t ing  m t h e  B cells. Growth s i g n a l s  can be roughly divided 
i n t o  cunpetence inducing growth f a c t o r s ,  which a c t i v a t e  res t ing  cells f r a n  Go into Gl, and 
prcgress im f a c t o r s ,  which a c t  i n  Gl and pranote f u r t h e r  cell cyc le  p r q r e s s i m .  By varying 
t h e  t r i q e r i n g  condi t ions,  one can achieve stepwise ac t iva t ion  of t h e  cells f r a n  Go i n t o  S 
phase. We have s tudied in d e t a i l  t h e  expression of t h e  c-myc gene during B cell stimulatim. 
There is a marked increase  of c-myc mRNA leve ls  ear ly  after s t i m u l a t i m  of r e s t i n g  Cel l s ,  
peaking a t  approximately 3 hours. This increase is mainly due t o  a t r a n s c r i p t i m a l  ac t iva t ion  
of the  myc gene, and is followed by a corresponding increase  i n  c-myc protein leve ls .  We 
a l s o  found t h a t  t h e  c-myc mRNA l e v e l s  could be upregulated i n  t h e  Gl phase of t h e  cell cyc le  
by anti-inununqlobulins, bu t  no t  by Ecell growth f a c t o r  (BCGF). Ey using "nuclear run-on" 
experiments, w e  have shown t h a t  severa l  other  m c q e n e s  a r e  cell cyc le  dependent regulated 
in B lymphocytes. P53, K - r a s  and bras reach maximal expression i n  mid t o  late Gl. The C-ets- 
1 proto-onccgene w a s  a l s o  found t o  be cell cyc le  dependent expressed in B c e l l s ,  s Iggest ing 
t h a t  it may play an important r o l e  during B cell qrowth. Data on TGF-pand forskol in  mediated 
i n h i b i t i m  of t h e  cell cyc le  dependent expression of these  oncqenes  w i l l  a l s o  be presented. 
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c 745 A ROVEL EARLY QUfll EaSPXSE GPNE INUXXD WlTR ECS-LIRE KINkTICS BY F-, 
EP- (ZU. AND UI- amDEs A PoLyPEpllDe Wna ZBRPe LNA 

BINDING .FIMZW MYITFS, Ximin Go, Louise Chang, Chon-Hwa Tsai-Morris, and Vikas P. 
Sukhabne, University of Chicago, Chicago, Illinois 60637. 
Mitogens evoke many alterations in gene expression in eukaryotic cells. Genes activated 
rapidly and transiently, and whose induction is shared by diverse cell types when expsed 
to different grwth stimuli are likely to be of critical importance in transducing 
mitogenic signals and regulating cellular proliferation. Cmyc and c-fos are the only 
known genes fulfilling these criteria. Recently we have isolated a novel early growth 
response (egr) gene which also satisfies these conditions. (Sukhabne et al. hmgene 
Research, in press, 1987). In response to s e m ,  its mRNR is induced dramatically in muse 
fibroblasts reaching a peak level at abut 30 minutes that is ten t h s  higher than the 
maximal value attained by c-fos ml?NA. hprtantly, the gene is highly induced in insulin 
stimulated rat hepatuna cells, adenosine diphasphate treated monkey kidney epithelial 
cells, and EWA stimulated hman blood lymphccytes. Sequence of the murine egr cCNA 
indicates that we have identified a novel transcript. 'Ihe 3' untranslated part contains an 
AU rich region. 'Ihe single long open reading frame predicts a polypeptide with hanolcgy to 
a non-haneo b x  region of the Drosophila engrailed gene and displays three !3NA binding 
"finger" motifs with maximal hanolcgy to the Drasophila Kruppel gene "fingers" and to 
Xenopus TFIIIA. 'Ihese data suggest that the egr gene product is a !3NA binding protein 
whose function like that of the fos protein might be to act as a nuclear switch in signal 
transduction. 

c 746 KMAN QeU SRlDIES OF THE RMCTIONAL IHIERMX'ION OF HWW 0 " E S  AH) 
SJPPPESSIR (ZNE David Krianan, Paul Chiao, Sun 0. Yim and Michael A. Tainsky, 

DPPT. OF RM)R BIOIDGY , M.D. MKIERSDN H)SPITAL AND RM)R INSTIWIE, Ul'scC, H)UspMJ, TeXAS 
A human cell culture system has been developed to identify genetic elements (oncogenes) 

which are involved in the transitions in multistage carcinogenesis. PA-1 human 
teratocarcinana cells show progression as they are passaged in culture. Early passage cells 
are nontumorigenic in athymic nude mice while late passage cells readily form tumors. This 
transition was induced by an activated N-ras oncogene which activated spontaneously during 
culturing and can be reproduced by transfection of the cloned oncogene into preneoplastic 
PA-1 cells thus proving its causal role in the transformation prccess. However, we have 
found that contact inhibition of growth, is not released by the ras oncogene in this system 
while ras and % transformed cells are s m h a t  resistant to growth inhibition by retinoic 
acid. Certain preneoplastic cells in this PA-1 series contain genes which make them 
susceptible to transformation by single oncogenes while others require 2 oncogenes to induce 
tumorigenesis. The molecular genetic basis of this susceptibility to single oncogene induced 
transformation may due to the inactivation of a suppressor gene. We have found that the 
mechanism by which cells acquire the susceptibility to ras responsiveness to 
growth factors possibly affecting an autocrine mechanism. This represents a new concept for 
inactivation of a suppressor gene during a preneoplastic stage progressing toward 
tumorigenicity. We will discuss differences in the expression oncogenes and growth factors 
as well as other transformation sensitive genes in cell lines in the PA-1 series 
representing various stages of tumor progression with regard to loss of a suppressor gene. 

is related to 

c 747 

EPINEPHRINE. Tohru Masui, Brenda I. Gerwin, John F. Lechner, and C u r t i s  C .  H a r r i s ,  L a b o r a t o r y  
o f  Human Carcinogenesis,  N a t i o n a l  Cancer I n s t i t u t e ,  Bethesda, MO 20892 

E p i n e p h r i n e  and TGF-B have opposing e f f e c t s  on NHBE c e l l s .  
fac:or and p l a y s  a p o s i t i v e  r o l e  i n  squamous d i f f e r e n t i a t i o n  o f  NHBE c e l l s ,  e p i n e p h r i n e  
s t i m u l a t e s  growth  o f  NHBE c e l l s  and n e u t r a l i z e s  t h e  e f f e c t s  o f  TGF-B. 
s t a t e  l e v e l s  o f  t h e  proto-oncogenes c-myc, c - fos ,  and c-Ha-ras under t h e  i n f l u e n c e  o f  these two 
agents.  S p e c i f i c  mRNA was d e t e c t e d  by Nor thern  b l o t t i n g  and normal ized  by p r o b i n g  t h e  
c o n s t i t u t i v e  enzyme glyceraldehyde-3-phosphate-dehydrogenase. The l e v e l  o f  c-myc mRNA was 
reduced by TGF-B up t o  40% a t  1 h r  and r e t u r n e d  t o  t h e  c o n t r o l  l e v e l  a f t e r  24 hrs .  Ep inephr ine  
inc reased t h e  express ion  o f  c-myc about 2-3 f o l d  and n e u t r a l i z e d  t h e  r e d u c t i o n  o f  c-myc mRNA by 
TGF-B. An i n c r e a s e  i n  t h e  l e v e l  o f  c - fos  mRNA was induced a t  1 h r  by TGF-5 (1.5 f o l d )  and 
e p i n e p h r i n e  a lone (2-3 f o l d ) .  The l e v e l  o f  c - f o s  r e t u r n e d  t o  t h e  c o n t r o l  l e v e l  a f t e r  9 h r s .  
TGF-8 and e p i n e p h r i n e  i n  combina t ion  a c t e d  s y n e r g i s t i c a l l y  to i n c r e a s e  c - f o s  mRNA l e v e l s .  
l e v e l  o f  c-Ha-ras mRNA was n o t  a f f e c t e d  by TGF-5 o r  e p i n e p h r i n e .  These d a t a  suggest t h a t  i n  
NHBE c e l l s  a t r a n s i e n t  a l t e r a t i o n  i n  c-myc mRNA l e v e l s  r e f l e c t s  o r  i s  i n v o l v e d  i n  a s i g n a l  i n  
t h e  p r o l i f e r a t i v e  pathway. On t h e  o t h e r  hand t h e  l e v e l s  o f  c - f o s  and c-Ha-ras mRNA were 
uncoupled from t h e  process o f  g rowth  o r  squamous d i f f e r e n t i a t i o n  o f  NHBE c e l l s .  

LEVELS OF PROTO-ONCOGENE mRNA I N  NORMAL HUMAN BRONCHIAL EPITHELIAL (NHBE) CELLS 
EXPOSE0 TO TYPE B TRANSFORMING GROWTH FACTOR (TGF-8) AND/OR ITS ANTAGONIST, 

Whi le  TGF-8 i s  a n e g a t i v e  growth  

We examined the  steady 

The 
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c 748 AMPLIFICATION OF PRXVXXCGENE C-FEZS IN MlMAN PIJICEN'TA AM) A BREFST CANCER CELL 
LINE MCF-7. Raman Tuli, Maria Zannis-Hadjcpoulos, Pierre  Major, McGill Cancer 
Centre, Mill University, MOntreal, P.Q., Canada, HX; 1Y6. 

'Ihe protooncogene c-fm encodes a 170 M growth fac tor  receptor w i t h  associated tyrcsine 
kiMSe ac t iv i ty .  Increased expression of the c f m s  i n  m e  human breas t  carcinanas and 
normal placental t i s sue  has been previously documented. Vk have demnstrated the c f m s  
p r u t m n q e n e  to be anpl i f ied approximately 20 fold in  the human breast  t w r  cell l i n e  
MCF-7, and 10 fold in  normal human placenta. These observations ere  made by dot  b l o t  
hybridization of DNAs obtained f ran  MCF-7, placenta a d  the h w n  f ibroblas t  cell l ine,  
WI38. The amplification was quant i ta ted using a 0.9 kb f ragmnt  of the cloned c-fm qene 
a s  the probe. Genetic rearrangement was a l s o  demrrstrated a t  the c f m s  locus in  both 
MCF-7 a d  placental  DNA by restriction enzym analysis  a d  Southern b lo t  hybridization. 
In addition to the 16 kb normal band, an EcoRl diges t  revealed 3 new restriction frag- 
ments in  MCF-7 DNA and 1 other f ragmnt  in  placental  DNA. l'nese novel bands were of grea- 
t e r  intensi ty  than the 16 kb primary band. We believe these d d i t i o n d  bands are respw 
s i b l e  for  the amplification. n7e increased expression of c-fm in  placenta may be associ- 
ated with the cbserved anpl i f ica t ion  and genet ic  rearrangement a t  t h i s  locus. l'ne otser- 
vation of amplification a d  possibly rearrangemnt i n  both a t w r  c e l l  l ine  a d  m m l  
embryonic t i s sue  suggests t h a t  the t u m x  cells, subsequent to an act ivat ion w e n t ,  m y  
have acquired a c e l l u l a r  phenotyp t h a t  is normally associated w i t h  errbryonic t i s sue .  
Grant s u p r t  f ran CRS, FRSQ, MRC, K I C  to M.Z.H. and P.M. 

c749 
F. McCormick, M.E. Lippman and R.B. Dickson. Medicine Branch, NCIINIH, Bethesda, Em 20892. 
Univ. of California. Berkeley, CA 94720. and Cetus Corp., Emeryville. CA 94608. 
TGFa is expressed in 70% of human mammary tumor biopsies and most human breast cancer cell 
lines. We have examined EGF-receptor expression and production of TGFa in non-neoplastic, 
immortalized and oncogene transformed human mammary epithelial cells. Imortalized 184AlN4 
cells were obtained following benzo-a-pyrene treatment of the 184 marmnary epithelial cell 
line (Stampfer, PNAS 82: 2394, 1985). Oncogenes were introduced into 184AlN4 using retro- 
viral vectors carrying SV40T. v-Ha-ras. or SV40TtHa-ras. Only the nontumorigenic. ancho- 
rage dependent 184 and 184AlN4 required EGFlTGFa supplementation for proliferation. Trans- 
formation by T rendered the cells weakly tumorigenic and sensitive to EGFITGFa stimulation 
of anchorage independent growth (AIG). Ras transformation made the cells capable of some 
AIG. not further stimulated by EGFITGFa, and weakly tumorigenic. Transformation with T and 
ras appeared to completely substitute for the EGFlTGFa signal, yielding cells that cloned 
extensively in soft agar, not responsive to EGFITGFa, and were highly tumorigenic in nude 
mice. There were no detectable differences among the cells in expression, at high levels, 
of both the 4.8 kb TGFQ mRNA and 10.5 kb EGF-R mRNA. They all produced 0.1-0.4 ng TGFa/rnl 
of conditioned medium and displayed 0.4-1x106 EGF-R siteslcell with KD values in the nano- 
molar range. Thus, in human mammary epithelial cells we found that SV40T appeared to 
couple EGFlTGFa to the transformed phenotype, and we could observe no significant associa- 
tion among EGF-R and TGFa expression and malignant progression. 

EXPRESSION OF EGF-RECEPTOR AND TGFa IN NORMAL HUMAN MAMMARY EPITHELIAL CELLS AND 
ONCOGENE TRANSFORMED SUBLINES. E.M. Valverius. S.E. Bates, M. Stampfer. R.Clark, 

C 750 EMBRYONIC LETHALlTlES AND ENDOTHELIALTUMOURS IN EMBRYONAL STEM CELL 
CHIMAERAS EXPRESSING POLYOMA MIDDLE T ONCOGENE. R. Lindsay Williams, Sara A. 

Counneidge and Erwin F. Wagner. European Molecular Biology Laboratory, 6900 Heidelberg, Germany. The 
consequence of constitutive expression of the transforming middle T (mT) antigen of polyoma virus in embryos and 
adult mice is being investigated to study the cell specificity of mT and the role of its associated cellular tyrosine 
ldnases in wivo. A replication-defective selectable reuovirus which constitutively expresses mT has been constructed 
and used to introduce the mT antigen into a wide variety of cell types in wiwo( 1). To determine the effect of mT 
expression on mouse development, embryonal stem (ES) cell clones were infected with the virus. Several selected 
clones were established which constitutively express mT and its associated tyrosine kinase activity. The cells 
appeared morphologically normal and mT expression appeared to relieve the requirement for differentiation inhibiting 
factor(s) normally necessary to prevent their in wirro differentiation. Chimaenc embryos obtained by blastocyst 
injection of individual ES cell clones initially developed normally but were specifically arrested at mid-gestation, most 
likely due to the observed disruption of blood vessels by multiple cavernous haemangiomas. Injection of these 
chimaeric embryos into syngeneic hosts resulted in the formation of endothelial turnours. In a seperate series of 
experiments direct injection of the virus into newborn and adult mice also resulted in the rapid appearance of multiple 
haemangiomas due to endothelial cell prolifemtion. The haemangiomas of chimaeric embryos and infected mice were 
used to establish endothelial cell lines. The cell lines, which expressed mT. retained expression of the endothelial cell 
differentiation marker von Willebrand factor, were contact inhibited and failed to grow in soft agar, yet were 
tumourigenic when injected into syngeneic mice. Analysis of tumour induction in non-syngeneic animals revealed 
endothelial tumours of host origin suggesting that the introduced mT expressing endothelial cells may release an 
angiogenesis inducing factor. Recent results concerning the characterisation of mT activity in ES and endothelial cell 
lines in wirro and in wiwo will be presented. (1) Williams,R.L., Counneidge, S.A. and Wagner, E.F. Cell submitted. 
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c 751 

Laboratmies, Lincoln's Im Fields, London, hCZA 3pX, U.K. 
An immrtal line of m-tvnxrrigenic nelanocytes (kl-ab) dqxrdmt upon 12-0-tetra-decanoyl 

phorbol-13-acetate (FA) for grmth (BeMett et al, Int.J.caKer, 39, 414, 1987) has been transfected with plamids 
harbcuring either the activated c-Ha-ras gene w the v-Ha-ras gene, in addition to the gene encoding mimglycoside 
phosphotransferase. Transfectant colonies resistant to G418 (aX, d m l )  wre isolated and examined for in vitro 
gmth characteristics and tunwrigenicity. Those transfectants (kl-ab pAGT) expressing activated csh-ras fmn 
the herpes sinplex virus Tk prwuter grew equally hell in the p̂ esence or absence of FA. Cells expressing v-Ha- 
ras frun a retroviral LTR (kl-ab LTR ras) also grew wll in the absence of TPA, but unlike kl-ab p43 cells wre 
actually growth inhibited in the presence of TPA (160 11'41. As a e d ,  control transfectants lading a cellular 
or viral Ha-ras insert had the sane F A  grmth requi (1YJ-200 rM) as the parental kl-ab line. In kl-ab 
cells and cmtrol transfectants cholera toxin (CT) at% acts synergistically with P A  to induce mitogenesis, 
but on its am- as rn gruvth w i n g  effect. Conversely, in kl-ab LTR ras transfectants, a strong proliferative 
response to 10 c CT alone ws observed, althwgh this effect ws totally abolished by the inclusion of TPA. 
Tmiymicity of t p  cell lines ws mitored by sllbcutaneous injection into athynic nude mice. All 5 animls 
injected with x 10 kl-ab PpGT or Mel-ab LTR ras cells grew t m s  >lan d i m e r  in less than 20 days, 
h a s  2 x 10 pareta1 kl-ab cells failed to pwhtce turans e m  after 200 days. Histological mination and 
s p f i c  stains revealed that the twain wxe mligmnt melarmas. k s e  results s h  that ras-induced tvnxrri- 
gemcity is asmiated with the induction of factw-independerrt grmth. Both TPA and CT prcnote grmth via 
pathaysinvolving plasm rrerrbrane-localized 'G' proteins (Rozengurt, Science 234, 161, 1986). We speculate that 
in the ras-transfd mlarccytes the ras protein is functioning as, or interacting with, ox w m G proteins. 

EXPRESSICN OF UIVATED c-Ha-ras OR v-Ha-ras IN lvLRIM FEwwcYlES OVERCUES CRCMH DEPENDENCE ON TPA AM) 
INxlcES TIMXRIGENICIlY, R o m r y  E. Wilson*, Tan Dooley and Ian R. Hart, Inperial Cancer Research Fund 

C 752 MOMULV-INDUCED PROMONOCYTIC TUMORS IN PRISTANE PRIMED MICE: COMPLETE INHIBITION 
OF TUMORS BY INDOMETHACIN, Linda Wolff, J.  Frederic Mushinski, Grace Shen-Ong, and 
Herbert C. Morse I11 *, National Cancer Institute and *National Institute of 
Allergy and Infectious Diseases, Bethesda, MD 20892. 

Recently we have developed a system in pristane-primed BALB/c mice for rapid induction of 
promonocytic tumors. The incidence of these tumors is 58 percent with an average latency 
of 71 days. In this system Moloney murine leukemia virus (MoMuLV) is inoculated intraven- 
ously into BALB/c mice that have received an intraperitoneal injection of pristane. 
These tumors, which arise as a consequence of insertional mutagenesis of the c-mm gene, 
become evident in the peritoneal cavity as an outgrowth of the granuloma. It is clear 
that their growth and development is dependent on the peritoneal inflammatory response 
because, in the absense of pristane treatment, tumor incidence drops to 0 percent. The 
objective of the present study was to test the effects of indomethacin, a nonsteroid 
anti-inflammatory drug, on the development of these tumors. For this study indomethacin 
was provided in the drinking water at a concentration of 2Gug/ml. It was found that with 
indomethacin treatment tumors were virtually eliminated. We suggest that the observed 
effect of indomethacin may be through its inhihition of prostaglandins, either reducing 
the influx of myeloid cells that may be facilitated by prostaglandin secretion 
or reversing an immunosuppression caused by prostaglandins. 

1 c 753 MODULATIgN OF RAS EXPRESSION BYINOVEL ANTI-SENSE ANALOGS, Z.Yul, D.Brownl, R.Black , 

University, Baltimore, MD 21205 
Moiified nucleic acid analogs, oligodeoxyribonucleoside methylphosphonates(0NMP) have been 
examined as selective inhibitors of gene expression. These analogs possess several advanta- 
geous properties: nuclease resistance, nontoxicity at reasonable concentration(c500uM) and 
ready uptake by cultured cells. Ras genes have been implicated in the initiation and devel- 
opment of numerous human neoplasms. Anti-= ONMP's specific for the initiation codon(1C) 
region have been synthesized to explore their efficacy and specificity on =-p21 transla- 
tion in vitro. The entire Balb-ras gene inserted into pC.EM4 served as a source of ras mRNA. 
The cell-free translation product was immunoprecipitated by a monoclonal antibody to ras-p21 
and analyzed by SDS-PAGE. The oligomer, 3'TACTGACTTAT5'( IC-0) complements the Balb-ras IC 
region precisely. Oligomer IC-l(3'TACTGgCTTAT5') contains one nucleotide mismatch whereas 
oligomer IC-Z(3'TACTECTTAT5') contains two sequential mismatches. At lOOuM and with pre- 
annealing to ras mRNA, IC-0 inhibits p21 translation up to 97%; IC-1 and IC-2 have consider- 
able less inhibitory effect. At the same concentration, ONMP's not preannealed to the mRNA 
were considerably less effective. Thus inhibition appears to be a result of the specific 
complementation of the oligomers to the message. Oligomers complementary to the 12th amino 
acid codon region have also been shown to inhibit cell-free translation of p21. An oligomer 
conplementary to the splice junction of Intron I and Exon I1 of the human c-Ha-E has exhi- 
bited a significant inhibitory effect on p21 expression in mouse cells transformed by human 
c-Ha-=(containing introns) but not in cells transformed by v-Ha-=(lacking introns). 

€'.Miller , P.Ts'oZ, and E.Chang , l:USUHS, Bethesda, MD 20814, 2:Johns Hopkins 
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c 754 
Marla Za ac Kayel, Edward Gelmannl, 

and David Levers2, Medicine Branch1 and Laboratory of Patholog$, NCI. Bethesda, MD 20892.  
The Burkttt's lymphoma cell line, PA682, carries a t(8:22) chromosomal translocation more 
than 16kb downstream from exon 3 of the c-myc gene. 

region of exon 1 and the 5' region of intron 1 .  In addition, there was a 38 bp deletion of 
a T-rich segment downstream of the exon 1 splice-donor site. 
PA682 cells demonstrated a strong block in mRNA elongation, indicating that the c-myc acti- 
vation in PA682 cells is not due to release of this block by deletion of the T-rich region. 
To determine i f  any of the point mutations may be important in the deregulation of the 
c-myc gene, we performed an exonuclease assay which demonstrated specific binding of a 
novel nuclear protein to normal intron 1 DNA, but not to the same region from the mutated 
PA682 c-myc allele. 
nuclease hydrolysis revealed two base mutations in PA682 as compared to a normal c-myc gene. 
DNase I footprint analysis defined the same segment of the normal allele. Gel retardation 
analysis using  defined oligonucleotide probes and competitors demonstrated that each of the 
two mutations diminished the strength of the interaction between the putative factor and 
this binding site. 
Burkitt's lymphoma cell lines, revealed point mutations located precisely within the same 
binding site identified above. We speculate that specific mutations in this cognate sequence 
may be a common feature contributing to c-myc activation i n  a subset of Burkitt's lymphoma. 

A POINT MUTATION IN THE FIRST INTRON OF THE c-myc LOCUS IN A BURKITT'S LYMPHOMA 
ABOLISHES BINDING OF A NOVEL NUCLEAR PROTEIN. 

Sequence analysis of the abnormal 
allele from this cell line revealed point mutations scattered throughout the 3' 

Nuclear run-off analysis of 

Examination of the nucleotide sequence bordered by barriers to exo- 

Examination of abnormal c-myc sequences, cloned from two other t(8:22) 

c 755 ACTIVATED C-HA-RAS STOMACH CANCER, Guoren Deng, Beijing Institute for Cancer 
Research, Beijing, China. Activated c-Ha-ras was identified and cloned from a 

cell line, BGC-823, of a Chinese stomach cancer patient by DNA transfection assay and 
screening of the genomic library of the transformant. By comparing the sequence of the 
activated c-Has-ras and its normal homologue, the activation lesion of the oncogene was 
identified as single nucleotide substitution of thymine for guanine in the 12th codon. 
This results in the substitution of valine for glycine at the 12th amino acid of p21 
protein. Further more, the point mutations at the 12th codon of c-Has-ras were also 
determined in more than 30% of DNA samples from the stomach cancer patients by restriction 
fragment length polymorphysm (RFLP) assay and hybridization with oligonucleotide probes. 
The relationship between the transformation potency of the DNA from the tumors and the 
length of vartable tandem repetition (VTR) region downstream of the c-Has-ras were also 
discussed. 

Late Additions 
c756 NMR SOLUTION STRUCTURE OF TGFa, B r i a n  0. ' ,ykes. ,  James C. Jenson*, and Richard N. 

J n i v e r s i t y  o f  A lbe r ta ,  Edmonton, A l b e r t a  T6G 2H7 Canada, and * T r i t o n  Biosciences Inc. ,  1501 
Halbor Bay Parkway, Alameda, CA 94501. 

Iwo dimensional  h i g h  r e s o l u t i o n  1 H Nuc lear  Magnet ic Resonance Spectroscopy (ZD-NMR) 
techniques have been used i n  con junc t i on  w i t h  the  computat ional  techniques o f  energy 
m in im iza t i on  and mo lecu la r  dynamics t o  determine the  s t r u c t u r e  o f  TGFe i n  so lu t i on .  
NMR approach r e l i e s  on the  assignment o f  t h e  p r o t e i n  spectrum i n  H,O and D,O so lu t i ons  ( t o  
i nc lude  the  non-exchangeable CH p ro tons  and the  exchangeable pep t ide  NH pro tons)  us ing  COSY 
( s p i n  co r re la ted )  and RELAY ( s p i n  re layed)  20-NMR techniques fo l l owed  by the  de terminat ion  
o f  t he  through space i n t e r n u c l e a r  d is tances  between these assigned pro tons .  The d is tances  
a re  determined v i a  20-nuc lear  Overhauser enhancement spectroscopy (NOESY). Once these 
d i s tances  have been ob ta ined they  a re  used as pseudo p o t e n t i a l  energy r e s t r a i n t s  i n  the  
energy m in im iza t i on  and molecu la r  dynamics programs so t h a t  t h e  s t r u c t u r e  i s  determined i n  
p a r t  by exper imenta l  c o n s t r a i n t s  and i n  p a r t  by t h e o r e t i c a l l y  ca l cu la ted  p o t e n t i a l  energies. 
The s t r u c t u r e  of  TGFa i s  composed o f  a n t i p a r a l l e l  p -p lea ted  sheet segments, s i m i l a r  t o  t h a t  
pub l i shed  f o r  t he  homologous EGF molecule.  

Harkins*,  +NMR Group i n  P r o t e i n  S t r u c t u r e  & t u n c t i o n  and Department o f  Biochemistry,  

The 2D- 
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c757  EXPRESSION OF A SYNTHETIC GENE ENCODING B O V I N E  BASIC FIBROBLAST GROWTH FACTOR 
bFGF I N  ESCHERICHIA COLI; Wiebke Knoerzer, Klaus Sctineider, PROGEN, He ide lberg ;  
Hans-Peter Binder,  U n i v e r s i t y  o f  Heidelberg;  Pe te r  Gruss, Max Planck I n s t i t u t e ,  
Gott ingen; W. Risau, Max Planck I n s t i t u t e ,  Tubingen, (FRG). 

A s y n t h e t i c  gene encoding bov ine  bFGF was assembled and c loned us ing  es tab l i shed  E. c o l i  
p lasmids.  Transformed E. c o l i  c e l l s  d i r e c t e d  t h e  syn thes is  o f  a f u s i o n  p r o t e i n  c o n s i s t i n g  
o f  a t runca ted  O-Galactosidase and bov ine  bFGF. The growth f a c t o r  was p u r i f i e d  f rom E. 
c o l i  l y s a t e s  by  cat ionexchange and Hepar in  sepharose a f f i n i t y  chromatography. The produced 
recombinant bFGF was b i o l o g i c a l l y  a c t i v e  as mon i to red  by  t h e  m i togen ic  a c t i v i t y  f o r  BAE 
c e l l s  and the  angiogenic c a p a c i t y  o f  t he  p u r i f i e d  f a c t o r  i n  the  r a b b i t  cornea. Exper iments 
us ing  the  recombinant f a c t o r  and a model which represents  a r e a l  wound s i t u a t i o n  i n  which 
repeated  q u a n t i t a t i v e  measurements o f  mic ro-vascu la r  changes can be eva lua ted  a re  be ing  
i nves t i ga ted .  
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