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Membrane-Mediated Cytotoxicity 

Cytotoxic Proteins: Structure and Activity 

G1 
TOXINS, Alan Finkelstein, Department of Physiology h Biophysics, Albert Einstein College of 
Medicine. Bronx, New York 1 0 4 6 1  

Diphtheria, tetanus, and botulinum toxins all consist of single polypeptide chains, which, 
when exposed to mild proteolysis, are cleaved into two-chain molecules in which the 
heavy-chain C-terminal polypeptide is linked by a disulfide bond to the light-chain 
N-terminal polypeptide. The light chain of diphtheria toxin is an enzyme, and it has been 
inferred that the light chains of tetanus and botulinum toxins also have enzymatic activity. 
For all three toxins, the two-chain structure is the active form, and in the case of 
diphtheria toxin it has been shown that cell intoxication is a consequence of entry of the 
enzymatic light chain into the cytosol from an acidic vesicle compartment (the toxin having 
reached there via receptor-mediated endocytosis). An important unresolved question is how 
do the heavy chains of these toxins facilitate the entry of the light chains into the 
cytosol from the acidic vesicle compartment. 

We have found that the heavy chains of all three toxins form voltage-dependent channels, 
with very similar properties, in planar bilayer membranes. Channels are opened by cis 
positive voltages (the cis side is that side to which protein was added) and c l o s e d b y e  
negative voltages. Channel formation is very pH dependent, and is particularly pronounced 
when the cis side is at low pH (e 4 . 7 )  and the trans side is at neutral pH (w7.4). These 
are the same pH conditions existing across the vesfcular membrane of acidic vesicles and the 
same conditions required for entry of light chains into the cytosol. We have also shown 
that the channels formed by the three toxins are large, and could accomodate an extended 
polypeptide chain. Thus, these channels could serve as "tunnel proteins" for the 
translocation of the active, N-terminal light chains across acidic vesicle membranes. 

CHANNELS FORMED IN LIPID BILAYER MEMBRANES BY DIPHTHERIA, TETANUS, AND BOTULINUM 

G2 STRUCTURE A N D  MECHANISM OF EXOTOXIN A OF PSEUDOMONAS AERUGINOSA, 
D a v i d  B. M c K a y ,  V i l o y a  S .  A l l u r e d  a n d  B a r b a r a  J .  B r a n d h u b e r ,  D e p a r t m e n t  o f  
C h e w i s t r y  a n d  B i o c h e m i s t r y ,  U n i v e r s i t y  of C o l o r a d o ,  B o u l d e r ,  CO 8 0 3 0 9 - 0 2 1 5 .  
E x o t o x i n  A o f  p. a e r u g i n o s a  i s  a s e c r e t e d  b a c t e r i a l  t o x i n  c a p a b l e  o f  t r a n s -  
l o c a t i n g  a c a t a l y t i c  d o m a i n  i n t o  m a m m a l i a n  c e l l s  a n d  i n h i b i t i n g  p r o t e i n  
s y n t h e s i s  b y  A D P - r i b o s y l a t i o n  of  c e l l u l a r  e l o n g a t i o n  f a c t o r  2 .  T h e  p r o t e i n  
i s  a s i n g l e  p o l y p e p t i d e  c h a i n  of  613 a m i n o  a c i d s .  We h a v e  s o l v e d  t h e  x - r a y  
c r y s t a l l o g r a p h i c  s t r u c t u r e  o f  e x o t o x i n  A a t  3 . 0  I( r e s o l u t i o n .  T h e  
m o l e c u l e  h a s  t h r e e  d i s t i n c t  s t r u c t u r a l  d o m a i n s ;  t h e  c a r b o x y  t e r m i n a l  
d o m a i n ,  c o m p r i s i n g  a p p r o x i m a t e l y  o n e - t h i r d  o f  t h e  m o l e c u l e ,  h a s  b e e n  i d e n -  
t i f i e d  a s  t h e  e n z y m a t i c  d o m a i n .  T h e  o t h e r  t w o  d o m a i n s  a r e  p r e s u m a b l y  i n -  
v o l v e d  i n  r e c e p t o r  b i n d i n g  a n d  m e m b r a n e  t r a n s l o c a t i o n ,  a l t h o u g h  s o m e w h a t  
s u r p r i s i n g l y ,  n e i t h e r  h a s  a s u b s t a n t i a l  r e g i o n  of  p r e d o m i n a n t l y  h y d r o p h o b i c  
a m i n o  a c i d s ,  t h e  n o r m a l  d i a g n o s t i c  f o r  a d o m a i n  o f  a p r o t e i n  b e i n g  i n v o l v e d  
i n  m e m b r a n e  i n t e r a c t i o n s .  

t 
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MUTANT CULTURED CELLS USED TO STUDY THE ACTIVITY OF ADP-RIBOSYLATING TOXINS. 
Thomas J .  Moehring and Joan M. Moehring, Department of Medical Microbiology, 
University of Vermont, Burlington, VT 05405 

G3 

Diphtheria toxin and Pseudomonas exotoxin A ADP-ribosylate protein synthesis elongation 
factor 2 (EF-2). The site of toxin action is the unique amino acid, diphthamide 
(2-[3-carboxyamido)-3-(trimethylanrmonio)propyllhistidine) (1). Two types of mutant 
cultured Chinese hamster ovary cells were used to study the steps in, and requirements 
f o r ,  post-translational conversion of histidine to diphthamide. One type is altered in 
the structural gene f o r  EF-2 (codominant). Another type, of which we recognize three 
complementation groups, is altered in genes that encode the enzymes responsible for 
post-translational synthesis of diphthamide (recessive). One toxin-resistant form of 
EF-2, isolated from a recessive mutant, was converted to toxin sensitivity in vitro. 
Conversion occurred in two steps. One step involved addition of methyl groypsfrom 
S-adenosylmethionine to the modified histidine residue and converted the EF-2 to an 
ADP-ribosylatable form. The methyltransferase responsible for this modification is 
present in species as phylogenetically diverse as those of basidiomycetes and primates. 
A second energy dependent step increased the efficiency of ADP-ribosylation and may be a 
mechanism for regulating EF-2 activity in vivo. Supported by USPHS Grant A1 09100. 

1 .  Van Ness, B.G.. Howard, J.B. and Bodley, J.W. (1980) J .  Biol. Chem. 255, 10710. - 

ENTRY MECHANISMS OF PROTEIN TOXINS, Sjur Olsnes and Kirsten 
Sandvig, Norsk Hydro's Institute for Cancer Research, Montebello, 

G4 
O s l o  3 ,  Norway. 

Protein toxins like diphtheria toxin, abrin, ricin, modeccin, shigella 
toxin and others exert their effect on components of the protein synthesis 
machinery. The toxins consist of two functionally different parts, one of 
which binds the toxins to structures at the cell surface, while the other 
part, which is enzymically active, penetrates the membrane to act on 
targets in the cytosol. All toxins in this group appear to pass the 
membrane of intracellular vesicles. In some cases (diphtheria toxin and 
modeccin) low pH is required for entry to occur, while this is not the 
case with ricin and abrin which may enter from neutral vesicles. The entry 
mechanism of diphtheria toxin is known in greatest detail. When the toxin 
is bound to its receptor at the cell surface, entry directly through the 
plasma membrane can be induced by exposing the cells to low pH. For entry 
to occur under these conditions it is required that there is a pH-gradent 
across the membrane and that permeant anions are present in the medium. 
When diphtheria toxin is exposed to low pH, a hydrophobic domain in the 
B-fragment is exposed and may insert itself into the plasma membrane. This 
insertion strongly inhibits anion antiport in Vero cells. The anion 
antiporter is regulated by the pH in the cytosol as well as by tumor 
promoters and growth factors. The relationship between the anion 
antiporter and the toxin receptor will be discussed. 
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Receptor-Mediated Endocytosis and Toxin €ntry Mechanisms 

G5 CHARACTERIZATION OF FOUR GENES REQUIRED FOR THE EXPRESSION OF LDL 
RECEPTOR ACTIVITY, Monty Krieger, Department of Biology and the Whitaker 
College, MIT, Cambridge, MA 02139 

Biochemical, immunological, and genetic techniques were used to study the 
defects in four types of LDL receptor-deficient mutant hamster cells (m, 
_ _ _ _ _ _  IdlB, Idle, IdlD). m mutants have defects in the structural gene for the 
LDL receptor and are analogous to cells from patients with familial 
hypercholesterolemia. Nucleic acid and immunological probes have identified 
several different mutant forms of the LDL receptor in cells. These 
mutant alleles should be useful for structure-function studies of the LDL 
receptor. 

IdlB, IdlC, and ldlD mutants have defects in the Golgi-associated 
posttranslational processing of LDL receptors and other glycoconjugates. 
These defects affect the processing of N-linked, 0-linked, and lipid-linked 
carbohydrate chains. Primary and secondary transfectants of cells have 
been isolated after treatment of &3J& cells with human DNA. The transfected 
cells show wild type levels of LDL receptor activity and normal patterns of 
glycoprotein processing. These results suggest that all of the abnormal 
phenotypes of U cells are due to defects in a single gene. 

enzyme UDP-glucose 4-epimerase. This enzyme normally catalyzes the 
reversible isomerization of UDP-glucose to UDP-galactose and of UDP-N- 
acetylglucosamine to UDP-N-acetylgalactosamine. Human deficiency in this 
epimerase can lead to a severe form of galactosemia. When epimerase- 
deficient lalD cells are grown on glucose as the sole sugar source, they 
cannot synthesize enough UDP-galactose and UDP-N-acetylgalactosamine to allow 
synthesis of normal N-linked, 0-linked and lipid-linked carbohydrate chains. 
The abnormal glycosylation patterns and the lack of LDL receptor activity in 

cells can be completely reversed by providing the cells with exogenous 
sources of galactose and N-acetylgalactosamine. These sources can include 
the pure sugars, glycoproteins containing these sugars or other cells grown 
in close proximity (transfer via intercellular junctions). The results 
suggest that 0-linked carbohydrate chains play an important role in LDL 
receptor function or stability. 

The defect in cells has been identified as a marked deficiency in the 

CHO CELL MUTANTS WITH TEMPERATURE-SENSITIVE DEFECTS IMPAIRING BOTH G6 
ENDOSOMAL AND GOLGI FUNCTIONS, April R. Robbins and Calvin F. Roff, GBB, 

NIADDK, Bethesda, Md. 20892. 
Three CHO cell mutants exhibiting temperature-sensitive ( t s )  pleiotropic defects in 
receptor-mediated endocytosis a re  distributed between the two complementation groups 
(designated Endl and 2)  found with our non-conditional mutants (1). On shifting Endl and 2 
t s  mutants to the non-permissive temperature we observed increased resistance to diphtheria 
toxin, Pseudomonas exotoxin and modeccin, increased sensitivity to ricin, loss of accumulation 
of Fe from transferrin, loss of uptake via the Man 6-P and Wz-macroglobulin receptors, 
over-secretion of newly synthesized acid hydrolases and decreased sialylation of some 
(predominantly secreted) glycoproteins. Although no differences were seen between the most 
severely affected Endl and 2 mutants with respect to in vivo activities, loss of endocytosis in 
Endl mutants correlated with loss of ATP-dependent acidification of isolated endosomes, 
whereas in End2 mutants it did not (collaboration with Renata Fuchs and Ira Mellman). 

On shifting the ts mutants to the non-permissive temperature loss of the various 
activities was quite synchronous; the most sensitive systems began to respond within 0.5h of 
the shift, the least sensitive within 2h; maximal alteration of all activities was obtained within 
4h. Jn contrast, on return of the Endl t s  mutant to the permissive temperature, rates of 
recovery of activity differed markedly from system to system. Restoration of sensitivity to 
diphtheria toxin and accumulation of Fe from transferrin (indicative of recovery of endosomal 
acidification) began immediately and was complete within 5 h, but recovery of Man 6-P and 
or?-macroglobulin uptake was not initiated for several hours and was not complete until 
24h. Oversecretion of newly synthesized acid hydrohses ceased within l h  of return to the 
permissive temperature; normal sinlylation was restored by 6h, consistent with recovery of 
Golgi/GERL function. But compartmentalization of newly synthesized p-glucuronidase in 
lysosomes w a s  delayed for many hours. W e  conclude that loss of endosomal acidification is 
followed by loss of some function required for translocation of ligands to lysosomes; recovery 
of this unidentified function is much slower than recovery of acidification. 

1. Robbins, A. R., C. Oliver, J. L. Bateman, S. S. Krag, C. J. Galloway, and I. Mellman. 1984. 
____ Cell. Biol. 99:1296-1308. 

J- 
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VESICLES INVOLVE0 I N  ZECEPTOR IIEDIATED ENDOCYTOSIS, Nancy L.. Kedersha, Robert P. 
Searles, Diane F ,  Hill and Leonard H. Rome, Department of Biological Chemistry 

G7 
and the Mental Retardation Research Center, UCLA School of Iledicine, Los Angeles, CA 
90024 
We have been studying packaging of lysosomal enzymes and lysosomally-directed ligands as 
a model for understanding how macromolecules are transported in the cell. We previously 
demonstrated that coated vesicles from rat liver and calf brain are enriched in mannose 
6-phosphate receptors (1). These vesicles appear to be involved in transporting newly- 
synthesized lysosomal enzymes to lysosome8 (2). Recently we applied cell fractionation 
techniques to separate bulk isolated coated vesicles into functionally defined sub- 
populations and to isolated endosomes containing internalized asialoglycoproteins and 
asialoglycoprotein receptors as well as mannose 6-phosphate receptors. Coated vesicles 
can be fractionated into distinct subpopulations on the basis of their overall external 
charge utiiizing preparative agarose gel electrophoresis (3). These vesicles have 
strikingly similar morphology and coat structure but differ in their a) precise protein 
compositions b) amount of glycoproteins and c )  receptor contents. 
endocytic coated vesicles with 1251-asialoorosomucoid reveals that the slower migrating 
coated vesicles contain the bulk of the endocytosed ligand. A marker for exocytic coated 
vesicles, acetylcholine esterase, colocalizes with the faster-migrating coated vesicles. 
The results indicate that preparative agarose gel electrophoresis can be used to separate 
endocytic from exocytic coated vesicles. 

Labelling o f  liver 

Campbell, C.lla, Fine, R,E., Squicciarini, J .  and Rome, L,tl (1983) Coated vesicles 
from rat liver and calf brain contain cryptic mannose 6-phosphate receptors, 
Biol. Chern. 258, 2628-2633. 
Campbell, C.H. and Rome, L,H. (1983) Coated vesicles from rat liver and calf brain 

J .  

contains lysosomal enzymes bound to mannose 6-phosphate receptors. J.. Biol Chem. 

Kedersha, N.L. and Rone, L . H .  Microbiology 1985, In Press. 
258, 13347-13352. 

RECEPTOR-MEDIATE:: ENDOCYTOSIS: MULTIPLE PATHWAYS FOR LIGAND AND RECEPTOR, 
Robert J. Fallon, Charles F. Simmons and Alan L. Schwartz, Dana Farber Cancer 

G8 
Institute and Harvard 3edical School, Boston, ?$A 02115 
Many hormones, growth factors, and other macromolecular ligands gain entry to intracellular 
compartments by a process known as receptor-mediated endocytosis ( E I E ) .  Binding of ligand 
molecules to specific receptors on the cell surface leads to internalization of receptor- 
ligand complexes from specialized regions of plasma membrane called coated pits, followed by 
formation of coated vesicles and uncoated endocytotic sorting structures (endosome; CURL). 
Sorting of the contents and membrane-bound components of this compartment allows selective 
targetting of receptors and ligands to their ultimate intracellular destinations. The re- 
ceptor-mediated endocytosis of galactose-terminal (asialo) glycoproteins into the human 
hepatoma cell line HepG2 is a well-characterized system which allows one to examine the 
biochemistry and kinetics of ligand and receptor pathways. The major ligand pathway is that 
of lysosomal delivery: 50% of an internalized cohort of ligand molecules are sorted from 
receptor within the acidic environment of CURL vesicles and directed to the lysosome. The 
receptors recycle back to the cell surface with a mean time of 8 min. Since the receptor 
lifetime is 30h, a single receptor molecule may internalize ligand and recycle 250 times. 
A minor route for ligand is termed the ligand-recycling pathway: up to 50% of an interna- 
lized cohort of ligand molecules can recycle back to the cell surface, either as free ligand 
or as ligand-receptor complexes. This process occurs through two biochemically distinguis- 
able pathways with a t1/2 24-84 min. Ligand recycling proceeds independent of the acidity 
of the sorting compartments. The cellular distribution of receptors and hence capacity far 
RME can be modulated by exposure to ligand, lysosomotropic amines, and phorbol esters. 
Exposure of cells to ligand causes a steady state redistribution of receptor and thus a 
"down regulation" of the surface receptor number. Exposure to amines, however, induces both 
receptor loss from the cell surface as well as receptor sequestration within a single intra- 
cellular compartment. Phorbol esters induce a decrease in cell surface receptor affinity 
followed by net receptor loss from the cell surface and redistribution to an intracellular 
compartment. Increased phosphorylation of the receptor accompanies this effect. Further- 
more, phorbol esters result in an inhibition of the ligand-recycling pathway, in contrast to 
the negligible effects of the lysosomotropic amines. Thus, multiple pathways of ligand and 
receptor movement exist in this system of receptor-mediated endocytosis. Similar strategies 
will further dissect the mechanisms which regulate ligand and receptor traffic within the 
cell. Finally, a broader understanding of these intracellular pathways will allow a more 
refined approach to the targetting of ligand molecules to specific intracellular compart- 
ments. 
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Mechanisms of Viral Attachment and Entry 

G9 SITE-SPECIFIC MUTAGENESIS OF THE FUSION PEPTIDE OF INFLUENZA VIRUS HAEXAGGLUTININ, 
Mary-Jane Gething*#, Robert W. Dams+, and Judy White+, *Cold Spring Harbor 

Laboratory, Cold Spring Harbor, NY 11724 and + Department of Cell Biology, Yale University 
School of Medicine, New Haven, CT 06510. 

The reactions that mediate fusion by enveloped animal viruses are catalysed by specific viral 
membrane proteins (1). Of these the best characterized is the haemagglutinin (HA) of 
influenza virus. HA, which is the major glycoprotein of the virion, undergoes a low-pH 
induced conformational change that initiates the fusion of the virus envelope with endosomal 
membranes (2-4). Two genetic approaches are currently being employed to analyze the 
mechanism of HA-mediated fusion and to identify particular amino acids in HA that are 
directly involved in the fusion process. The first approach involves analysis of the HAS 
from variant viruses that induce fusion with raised pH thresholds (5-7). The second approach, 
which will be illustrated in this presentation, involves the use of oligonucleotide-directed, 
site-specific mutagenesis 01 a cloned HA gene to alter the cucleotide sequence coding for 
selected residues of the fusion peptide in the amino terminus of the HA2 subunit. Expression 
of the mutant HA genes in simian cells has confirmed the central role of the fusion peptide 
and provided insights into the fusion mechanism (8). 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 

White, J., Kielian, M. and Helenius, A. (1983) Quarterly Review of Biophysics, 16 
151-195. 
Skehel, J.J. et al., (1982) Proc. Natl. Acad. Sci. USA 1_9 968-972. 
Doms, R.W., Helenius, A. and White, J. (1985) J. Biol. Chem. 260 2973-2981. 
Marsh, M. (1984) Biochem. J. 218, 1-10. 
Daniels, R.S., et al., (1985) Cell 9, 431-439. 
Rott, R., et al., (1985) EMBO J. 2 ,  3329-3332. 
Doms, R.W., et al., (1985) J. Virol. in Press. 
Gething, M.J., et al., (1985) J. Cell Biol. in Press. 

#Present address: Department of Biochemistry and Howard Hughes Medical Institcte, 
University of Texas Health Science Center, Dallas, TX 75235. 

GI0 E N T R Y  MECHANISMS OF I N F L U E N Z A  AND SEMLIKI FOREST VIRUSES, Ari Helenius, Robert Doms, 
Judy White a n d  Margaret  Kie l ian .  Department of Cell Biology,  Yale School of 
Nedicine, New Haven, CT 06510. 

The s p i k e  g l y c o p r o t e i n s  of  orthomyxo-, t o g a - ,  rhabdo- and s e v e r a l  o t h e r  v i r u s  
f a m i l i e s  have membrane f u s i o n  a c t i v i t i e s  t r i g g e r e d  by m i l d l y  a c i d i c  pH (1). This  
a c t i v i t y  i s  responsible f o r  penetration of the  virus  from endocytic vacuoles a f t e r  
uptake by host ce l l s .  I n  the  case of Influenza hemagglutinin (HA) and Semliki Forest 
virus  spike proteins ,  where information i s  most complete, exposure t o  low pH causes 
i r r e v e r s i b l e  conformat iona l  changes which profoundly modify t h e  s t r u c t u r a l  and 
functional propert ies  o f  these well character ized membrane proteins. 

The H A ,  a homotr imer ,  exposes  a hydrophobic  moiety i n  t h e  ectodomain of  t h e  
protein which mediates in te rac t ion  with the  t a r g e t  membrane. Biochemical, genetic, 
a n d  morphological  s t u d i e s  on H A  and i t s  bromelain f ragments  sugges t  t h a t  t h e  new 
hydrophobic p r i n c i p l e  c o n t a i n s  t h e  N-terminal  p e p t i d e  of t h e  HA2 subuni t .  The 
ectodomains of the t r imer  d issoc ia te  from each other  a f t e r  acid t reatment ,  but t h e  
i n t a c t  HA remains associated via t h e i r  C-terminal anchors. Preliminary morphological 
data ,  moreover, suggest t h a t  ol igomeric s t ruc tures  consis t ing of several HA molecules 
may be involved i n  the  fusion reaction. 

I n  Seml ik i  F o r e s t  v i r u s  s p i k e  g l y c o p r o t e i n s ,  which a r e  h e t e r o t r i r n e r s  of 
glycopolypeptides E l ,  E2 and €3, t h e  acid-induced conformational change appears t o  be 
d i f fe ren t .  As judged by a l t e r a t i o n s  i n  protease s e n s i t i v i t y ,  both E l  and E2 undergo 
i r r e v e r s i b l e  changes in conformation when exposed t o  a pH below 6.2. I n  addition t o  
low pH,  t h e  change i n  E l  i s  dependent  o n  t h e  presence  of c h o l e s t e r o l  (2 ) .  This  
dependence cor re la tes  with t h e  cholesterol  requirement observed for  fusion of Semliki 
Forest virus  with a r t i f i c i a l  bi layers  (3). No evidence f o r  exposure of hydrophobic 
p e p t i a e  m o i e t i e s ,  s i m i l a r  t o  t h a t  o f  Inf luenza  HA, i s  obta ined  wi th  t h e  i s o l a t e d  
ectodomains of El and E2. T h u s  t h e  two s p i k e s  of t h e  two v i r u s e s  appear  t o  induce 
f u s i o n  by d i s t i n c t l y  d i f f e r e n t  mechanisms; one e x p o s e s  a hydrophobic p e p t i d e ,  t h e  
other  may expose s te ro l  binding s i t e s .  

White, J.,  11. Kielian and A. Helenius (1983) Q u a r t .  Revs. Biophys. E:151-195 

White, J .  and A. Helenius (1980) Proc. N a t l .  Acad. Sci. USA. 

( 1 )  
( 2 )  Kiel ian,  11. and A. Helenius (1985) J .  Cell Biol., in press 
( 3 )  ~ : 3 2 7 3 - 3 2 7 7  

Supported by a grant ( A 1  18599) from N I H  and by the  Swebelius foundation. 
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THE MECHANISM OF ENVELOPED VIRUS-CELLULAR MEMBRANE FUSION, F.R. Landsberger, R.A.. 
Demel*, and P.B. Sehgal, The Ro%kefeller University, New York, NY and *The 

The entry of enveloped viruses into cells requires membrane fusion which is induced 

GI 7 
Rijksuniversiteit Utrecht. the Netherlands. 

by a virion-associated protein. It appears that virus-induced membrane fusion and lipid 
transport are closely related. Using lipid monolayer techniques, it was found that Sendai 
virus as well as influenza virus have lipid transport activity. Egg-grown Sendai virus has 
its fusion (F) protein in the active form and the virions have infectivity, exhibit membrane 
fusion activity, and are hemolytic. However, MDBK-grown Sendai virus has m s t  but not all of 
the F protein in the inactive precursor form. Egg-grown Sendai virus has active phosphatidyl- 
choline specific transport activity. In contrast, the rate of lipid transport catalyzed by 
MDBK-grown Sendai virus is significantly reduced. While parainfluenza viruses have 
significant membrane fusion activity at pH of 7 . 4 ,  the membrane fusion induced by influenza 
virions, occurs around pH 5.5. Consistent with this, influenza virions mediate phosphatidyl- 
choline transport over a very narrow acid pH range. To determine whether there is a 
structural similarity between the viral fusion proteins and cellular lipid transport proteins, 
Seller's TT algorithm was used to find the best sequence alignment between the primary amino 
acid sequences of these proteins. 
specific transport protein isolated from beef liver, and the hemagglutinin (HA), which is the 
fusion protein of influenza A, B. and C, contains a set of glutamic acids which seem to be 
"preserved" between PCTP and HA but are lacking in the sequences of F. The region of the PCTP 
molecule found t o  align with the viral fusion protein has been shown to interact with the 
lipid fatty acid and forms the long helix along the axls of the HA spike extending out from 
the viral lipid bilayer. In the monolayer studies, it was also found that the lipid transport 
by Sendai virus requires calcium. Previously, it was held that Sendai virus induced-membrane 
fusion does not require calcium. Careful studies recently initiated indicate that Sendai or 
influenza virus induced hernolysis, which is a sensitive assay for membrane fusion, does 
require calcium. 
lipid transport. As the pH is lowered, the acidic residues of the influenza HA become 
discharged and with it the helical region becomes more hydrophobic. 
target membrane there is energetically very little difference between its own lipid bilayer 
and the hydrophobic region within the viral f u s i o n  protein. This model satisfies the criteria 
for membrane fusion: the dehydration of the interface region of the two membranes and the 
destabilization of at least one of the membranes. 
and membrane fusion activity are intimately related activities. 

The alignment between PCTP, a phosphatidyl- choline 

These data suggest a-rather interesting model relating virus fusion with 

For a given lipid in the 

Thus, it is suggested that lipid transport 

Complement-Mediated Lysis of Cells 

GI2 ANTI-LYTIC EFFECTS OF POLY-C9 AND CYTOXICITY MEDIATED BY C9-DERIVED PEPTIDES, 
Alfred F. Esser, Laboratory for Structural Biology, Department of Comparative 1. 

Experimental Pathology, University of Florida, Gainesville, FL 32610. 
Formation of the "classical complement (C) lesion", which was proposed to be a transmembrane 
channel effective in target lysis, requires aggregation of =15 C9 molecules into polymeric 
tubular C9 (poly-C9) (1). We have recently demonstrated that thrombin-cleaved C9 (C9") will 
not form tubular poly-C9 nor the "classical lesion" on target cells although it retains its 
full hemolytic potential ( 2 ) .  
C9 and C9" (3). Since these results demonstrate conclusively that the circular "lesion" 
formed by poly-C9 is not required for cytotoxicity two questions arose: (i) How does C9 
(together with its receptor C5b-8) kill cells? and (ii) What is the function of poly-C9? 
Recent experiments have indicated that C9 may lyse cells by a "leaky patch" mechanism (4) 
akin to melittin-mediated hemolysis. We have found that melittin and C form channels with 
similar effective pore sizes, lyse red cells before the critical hemolytic volume is 
reached, and most importantly, anti-melittin antibodies inhibit C9-mediated lysis of EAC1-8 
and anti-C9 antibodies inhibit melittin hemolysis. That the cytotoxic capacity of the MAC 
resides in C9 was demonstrated by formation of single-channels across lipid bilayers (BLM) 
upon addition of the hydrophobic C-terminal domain of C9, C9b. Furthermore, C9b is effective 
in releasing markers from liposomes and i n  dissipating the membrane potential of actively 
respiring bacterial inner membrane vesicles ( 3 ) .  "Osmotic shock treatment" of bacteria in 
the absence of an assembled C5b-8 receptor complex but in in the presence of C9 results in 
cell killing, suggesting a bacterial killing mechanism akin to colicin action . Experimental 
conditions that render bacteria more resistant to C killing result in formation of poly-C9 
again demonstrating that this complex is non-lytic and actually inhibits C-mediated 
cytotoxicity. Such a function may be of vital importance in the protection of autologous 
cells from "bystander cell lysis" mediated by C. Nucleated cells escape C attack by 
immediate exocytosis of MAC complexes in the form of membrane vesicles. This protective 
mechanism is dimished when poly-C9 formation is inhibited, for example, by using C9". Thus, 
we propose that poly-C9 is not a cytolytically-active product but rather represents an 
inactivation product that limits cell damage to the host. (Supported by NSF Grant PCM-82 
42116 and NIH Grant RO1-A1 19478). 

(1.) E.R. Podack &. J. Tschopp, Mol. Immunol. 3 (1984) 589-603. (2.) J . R .  Dankert & 
A.F. Esser, Proc. Natl. Acad. Sci. USA (1985) 2128-2132. (3) J.R. Dankert & A.F. Esser, 
Biochemistry (1985), in press. ( 4 )  A.F. Esser, Biological Membranes V o l .  IV, (1982) Academic 
Press, London, pp 277-327. 

Likewise, Gram-negative bacteria are killed equally well by 
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~ 1 3  POLY c9 AND PULY-PERFORINS. A COMPARISON OF HUMORAL ANU CELLULAR EFFECTOR 
MECHANISMS, Eckhard R. Podack, Department of Microbiology and immunology, hew York 

Medical College, Valhalla, NY 10595. 
Cytolytic lymphocytes effect target cell destruction by damaging the target plasma membrane 
and the target nucleus resulting in the release of both cytoplasmic markers (eg I'Cr) and UNA 
fragments. These two distinct cytolytic activities are localized in cytoplasmatic granules 
of killer lymphocytes released onto target membranes upon killer target conjugation. 
Isolated granules, in the presence of Ca, are highly cytolytic for nucleated target cells 
and cause the release of cytoplasmic and nuclear markers. The granule proteins mediating 
these two activities have been identified. Perforin 1. a 70-75kU cystein rich granule 
protein, mediates the release of cytoplasmic markers from target cells by Ca-dependent 
target membrane insertion, polymerization, and pore formation (160 A diameter). Murine 
Perforin 1 contains a cystein rich domain that, only after reduction, is recognized by an 
antibody to reduced and alkyated human C9 ( s e e  below) indicating sequence homologies between 
these proteins. 
Target cytolytic 
granules. Monoclonal antibodies (provided by Genentech) to lymphotoxin partly block DNA 
release. It is suggested that granule lymphotoxin gains access to the target nucleus via the 
poly-Perforin pores. 
Pore formation in complement is a function of polymerizing C9. Previous studies suggested 
homologies between C9, C8a-y, C7 and C6 (Podack, (1984) J .  9101. Chem. 259.8641). I n  addition 
it was proposed that C5b-8 may initiate C9 polymerization by virtue of C9 like structures in 
C5b-8. Using an antiserum produced in rabbits against reduced and alkylated C9, cross 
reacting determinants could be detected in C9, C8a, C7 and C6 but not in C5 and Cap. These 
determinants were detected only after reduction and alkylation of the peptide chains 
suggesting shared sequences. Affinity purification of the anti C9 antibody on reduced and 
alkylated C7-Sepharose resulted in the production of an antiserum specific for reduced C9, 
reduced C8a, reduced C7, reduced C6 and reduced Perforin 1. The unreduced proteins were not 
recognized by this antibody. The antibody reacted with thrombin cleaved C9a and C9b and with 
C9 dimers and polymers in their unreduced form. The antibody thus detects a common domain in 
C6, C7, C8a. C9 and Perforin 1 that is available only after reduction of the proteins or 
after polymerization of C9. It is concluded that the cystein rich C9 domains are also 
present in C6, C7, C8a and P1, that they are involved in polymerization of C9 by C5b-8, and 
in the interaction of C6, C7, C8a-y and C9 in the heteropolymeric tubule o f  the membrane attack 
complex. These domains in P I  may mediate the polymerization of perforins in a Ca dependent 
reaction. Supported by USPHS grants CA39201 A121999 and by the ACS IM396. 

DNA destruction may be caused by a lymphotoxin like activity contained in 

GI4 INTERACTION OF THE MEMBRANE ATTACK COMPLEX OF COMPLEMENT WITH NUCLEATED CELL: 
STUDIES OF THE CELLULAR DEFENSE RESPONSE FOLLOWING SUBLYTIC COMPLEMENT ATTACK. Moon L. 
Shin, M.D. Department of Pathology, University of Maryland, Baltimore, MD 21201. 

Cytolysis  by C occurs when ac t iva t ion  of CS-C9 produces heteropolymeric transmembrane 
channels  in  t h e  plasma membrane ( P L ) ,  l e a d i n g  t o  c o l l o i d  osmotic  d e r e g u l a t i o n .  The 
interact ion of C5t-9 with nucleated cells (NC) is of special  i n t e r e s t  because these cells 
resist l y s i s  by unique c e l l u l a r  defense processes. This is best shom by the  f a c t  t h a t  Nc 
a r e  m r e  r e s i s t a n t  t o  C a t tack  than erythrocytes ( E ) ,  and t h a t  metabolic fac tors  may play 
an important r o l e  in protecting f.13 fol lowing l i m i t e d  C a t t a c k .  A s  an i n i t i a l  s t e p  t o  
understand t h e  act ion of C against  NC we have performed a dose-response curve of Nc death 
with respect to  C6 in  C6 def ic ien t  serum t o  determine whether the  l y t i c  process  conforms 
t o  a one-h i t  mechanism a s  i n  E. The dose-response curve of cell death a t  the  e n d p i n t  

- t h  respect t o  t i m e  was sigmoidal in cont ras t  t o  t h e  monotonic dose-response c u r v e  of 
%b re lease ,  measured a s  an indicat ion of channel formation, which indicate  t h a t  Nc l y s i s  
r e q u i r e s  m u l t i p l e  channel  formation. For Nc t o  survive limited C channels, these cells 
m u s t  be ab le  t o  counteract the  a l te red  osmotic s t a t e  by e i t h e r  increasing the r a t e  of ion 
e f f l u x  or reducing t h e  r a t e  of influx. However. both in  U937 or m l i c h ' s + c e l l s  were not 
more sens i t ive  to  C a t tack  a f t e r  treatment with Quabain t o  i n h i b i t  Na+/K ATPases when 
tested i n  l y t i c  dose-response experiments .  Alternatively, t o  test whether t h i s  multi- 
channel requirement is r e l a t e d  t o  t h e  a b i l i t y  of NC t o  e l i m i n a t e  C5b-9 from t h e  cell  
s u r f a c e ,  t h e  s t a b i l i t y  of v a r i o u s  C complexes in the  PM of Ehrlich cells were examined. 
C e l l s  bearing C5t-7 or C5b-8 with or without C9 were incubated a t  37OC f o r  v a r i o u s  t i m e  
i n t e r v a l s  b e f o r e  conver t ing  t h e  remaining complexes t o  l y t i c  C5b-9 channels. These 
complexes were shom t o  disappear progressively with d i f f e r e n t  r a t e s  a t  37OC, but  n o t  a t  
0OC. The f a t e  of C5b-8 on t h e  s u r f a c e  of E h r l i c h  cells ,  t r a c e d  with co l lo ida l  gold, 
revealed t h a t  these complexes i n t e r n a l i z e d  c o n t i n u o u s l y  v i a  endocyt ic  v e s i c l e s .  The 
d i f f e r e n t i a l  r a t e s  of disappearance of terminal C complexes a r e  of interest because the  
disappearance r a t e  cor re la tes  with the  functional pore s i z e  of t h e  v a r i o u s  s+cornplexes. 
W e  have examined whether the  disappearance r a t e  may be related to  f lux , which has 
been implicated a s  a r e g u l a t o r  of endocytos is .  The e x t r a c e l l u l a r  CaYt?oncentration 
inf luenced  t h e  d isappearance  of C complex??, with the  la rges t  pore size t o  the grea tes t  
extent  by prolonging disappearance a s  the  was s u f f i c i e n t l y  lowered. In a d d i t i o n ,  
these complexes increased the  c e l l u l a r  Ca"concentration in  proportion with the pore s i z e  
and nmber of the complex. These r e s u l t s  sugge t h a t  defense responses in  Nc following C 
a t t a c k  a r e ,  a t  l e a s t  in  par t ,  regulated by Ca"-dependent metabolic processes t o  promote 
cell survival .  
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Immunotoxins: Strategies for Maximizing Activity and Specificity 

GI5 ENGINEERING OF DIPHTHERIA TOXIN FOR USE I N  IMMUNOCONJUGATES. Lawrence 

ville, California,  94608. 
W e  have  investigated t h e  use of portions of t h e  diphtheria toxin in immunoconjugates. AN 831 base 
pair -3AI f ragment  encoding t h e  diphtheria toxin A f ragment  (DTA), a n d  a 1454 base  pair MspI 
f ragment  encoding a CRM45-like protein were  cloned in to  pBR322. By removing t h e  diphtheria toxin 
secre tory  leader sequence  f rom t h e  diphtheria toxin gene  and  replacing t h e  na t ive  regulatory region 
with the  lambda PL promoter  and gene  ribosomal binding site,  we  were  ab le  to obtain levels of 
expression of both clones a t  a level of 5 to 7% of t h e  total ce l l  protein. 
The CRM45-like protein (MspRT) consists of amino  ac ids  1 to 198 of the  diphtheria toxin ( 3  amino 
ac ids  shor te r  than  CRM45) and  therefore  conta ins  t h e  cysteine bridge be tween t h e  A and 8 fragment.  
W e  modified this c lone  (MspCys) to provide a n  additional cys te ine  residue to allow conjugation to 
antibody. In t h e  MspCys derivative,  a cys te ine  residue was added to t h e  carboxyl end  of t h e  protein.  
A third cons t ruc t  (MspSA) conta ins  a sequence of 14 amino ac ids  be tween t h e  MspRT protein and t h e  
carboxyl cys te ine  to provide flexibility and d is tance  be tween t h e  toxin and t h e  antibody in 
conjugates.  All  th ree  proteins (MspRT, MspCys, and MspSA) were  found to have  ADP-ribosylation 
ac t iv i t ies  similar to na t ive  DTA. 
The MspSA protein was conjugated to severa l  of our human ant ibreas t  monoclonal antibodies by both 
disulfide and  th ioe ther  linkages. Both types  of conjugates were  found to be  cy to toxic  to a human 
breast  c e l l  line (MCF-7) but  no t  to a cont ro l  human fibroblast  cell line (HS27F). 

Greenfield and Rick Dovey, Depar tment  of Microbial Genetics,  C e t u s  Corporation, Emery- 

GI6 RECENT IMPROVEMENTS IN CLINICAL EX-VIVO AND EXPERIMENTAL VIVO EFFICACY OF 
A-CHAIN IMMUNOTOXINS. ErdnZ K Jansen, Pierre Lasellds, Hildur E. Blythman, 

Bernard Bourrie, Jean Mdrie Derocq, iidnielle Uussossoy and Guy Laurent Immunotoxin 
Project. Centre de Recherche5 Clin Midy-Sanofi, rue Prof J Blayac, 34082 Montpellier, 
t rance. 

The TlOl anti-T cell immunotoxin (IT) was used in clinical pilot studies for the elimi- 
nation of mature T cells from allogeneic bone marrow Although under experimental condi- 
tions a 2 . 5  log cytoreduction was obtained repetitively, cytoreduction under clinical 
conditions was insufficient The lacking efficacy proved to be due to slight changes in 
pH, influencing the potentiation of the TlOl IT by NH4C1, since the free base (NH3), the 
active form of potentiation, is highly pH dependant. The necessary NH3 concentrations were 
found to vary for different target cells and different structures of the Ig carrier 
Higher NH3 concentrations were needed by T lymphocytes than by the leukemia cell line CEM 
and also with whole Ig IT, assembled with the TlOl antibody, as compared to its Fab 
fragments By using TlOl Fab I and compensating for higher NH3 concentrations under 
clinical conditions, a new clinical pilot study was envisaged for the elimination of 
T-lymphocytes in allogeneic bone marrow transplantation 

Two strategies were explored to increase in vivo efficacy of A-chain ITS 1. the inhibi- 
tion of the rapid clearance of IT from the bloodstream, 2. the transfer of the in vitro 
potentiation to in vivo conditions with carrier bound monensin. The rapid clearance of IT 
was not due to the disruption of the disulfide bridge but to the adsorption of IT through 
the mannose residues of the A-chain in the liver. The rapid clearance of IT from the 
circulation could be drastically slowed down and becomes similar to the antibody alone by 
simultaneous inlection of mannan, a polymer of mannose which acts as a competitive 
inhibitor at the receptor The in vivo potentiation of ITS was achieved by carrier bound 
monensin, which maintained high levels of dctive monensin in the blood for a sufficiently 
long time. Moth strategies considerably increased, the in vivo efficacy of a Thy 1 2 IT on 
T2 mouse leukemia cells leading to longterm survivors after 150 days and may therefore 
represent some of the key phenomena, which render ITS more effective under in vivo 
conditions. 
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SUBCELLULAR COXPARTMENTALIZATION AND POTENCY OF RICIN A CHAIN CYTO- 
TOXINS, Vic Raso, Department of Patholoqy, Harvard Medical School, 

Several approaches have been taken to examine the specific introduction 

617 
Dana-Farber Cancer Institute, Boston, MA 02115 

of toxic ricin A chain into cells PT5various antibody and ligand carriers. 
Purified A chain was labeled with I before disulfide coupling it to cell 
reactive molecules such as human transferrin, an iron transport protein, and 
monoclonal antibodies directed against the transferfin receptor or to the corn 
mon acute lymphoblastic leukemia antigen (CALLA) . 51-A chain conjugates 
were found to (1) bind to cell membrane receptors or antigens, (2) leave this 
exposed position on the surface and enter the protected cell interior, and ( 3  
release back out into the media either spontaneously or by ligand induced cy- 
clinq. Fractionation of the subcellular contents of disrupted cells on per- 
coll density gradients allowed localization of internalized 1251-A chain con- 
jugates within distinct cytoplasmic compartments. In the case of the trans- 
ferrin-A chain cytotoxin (Tf-A) these were non-lysosomal, low density, low p H  
vesicles which induced 59Fec+f to uncouple from the carrier portion of Tf-A. 

To estimate the extent of intracellular disulfide cleavage or degradation 
internalized I25I-labeled species were released from detergent lysed cells and 
analyzed on anti-A chain and anti-carrier affinity columns. For the most part 
cytotoxins remained intact after passage into cells and little or no free A 
chain was detected. 

Ultrastructural studies using colloidal gold labeled antibodies directed 
against ricin A chain permitted localization of ligand and antibody delivered 
A chain within coated pits, coated vesicles as well as other distinct areas 
inside the cell. 

A chain con~ugates by accelerating their ability to damage ribosomes, also in- 
creased their effectiveness for killinq clonogenic target cells by a factor 
of 1 0 4 - 1 0 5 .  This enhancement was not due to a rise in vesicle pH since un- 
couplinq of iron from 59Fe+fc transferrin was not suppressed in monensin 
treated cells. 

to the biological action of these cytotoxins. The fact that cells could be 
rescued from the toxic effects of internalized A chain conjuaates by ligand 
induced receptor cycling suqqests that these natural pathways play an integ- 
ral role in allowinq toxin access to ribosomes in the cytosol. 

Monensin, a carboxylic ionophore which potentiates the activity of ricin 

Experiments were designed to test whether endocytotic routes are crucial 

GI8 
Research Fund, London, U.K. 

A panel of immunotoxins was prepared by linking monoclonal anti-Thyl.l antibody with the 
SPDP reagent to the A-chains of ricin or abrin or to three ribosome-inactivating proteins 
which act in analogous fashion: saporin, bryodin and Momordica charantia inhibitor ( M C I ) .  
Cytotoxicity. The immunotoxins were specifically toxic to Thyl.1-expressing AKR-A lymphoma 
cells in tissue culture._ he concentrations of immunotoxin that reduced protein synthesis 
by 50% ranged between 10 ITPI for the abrin A immunotoxin and 10-9M for the VCI immunotoxin. 
Antitumour activity. Mice bearing peritoneal AKR-A lymphoma cells were given a single intra- 
venous injection of 0.3 n moles of immunotoxin. The extension in median survival timeranged 
from 6d for the abrin A immunotoxin (corresponding to 99% tumour cell kill) to 24d fo r  the 
saporin and bryodin immunotoxins (corresponding to 99.999% tumour cell kill). 
Linkage. The low antitumour activity of the abrin A immunotoxin could be rectified by 
changing the crosslinker from SPDP to 2-iminothiolane. This is because about 1% of AKR-A 
cells survive exposure to the SPDP-linked immunotoxin (both in vitro and in vivo) but are 
killed by the 2-iminothiolane-linked immunotoxin. It is possible that the resistant cells 
have elevated levels of an enzyme capable of splitting the amide bond in the SPDP linkage. 
Both the SPDP and 2-iminothiolane linkages break down slovly in vivo (t; = 8 hours) probably 
because the disulphide bond is unstable. A new coupling agent, SMBT, has been made which 
avoids this problem. 
Reticuioendotheliai recognition. Ricin A immunotoxins are cleared in vivo by the reticulo- 
endothelial cells of the liver. These cells have receptors for the oiigosaccharide portion 
of ricin A-chain. Degiycosylation of the A-chain with metaperiodate and cyanoborohydride 
prevents clearance of the immunotoxin by the reticuloendothelial system. 
Pathology. Linkage of saporin and abrin A-chain to immunoglobulin increases their toxicity 
to mice by 10-20 fold. Both in!r:Jnotoxins cause extensive hepatic necrosis whereas neither 
saporin nor abrin A-chain in unconjugated form cause significant liver damage. 

ANTI-TUMOUR EFFECTS OF IMMUNOTOXINS, Philip E. Thorpe, 
David C. Blakey, Edward .I. Wawrzynczak and Firenzo Stirpe. Imperial Cancer 
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lmmunotoxins: Clinical Applications 

GI9 USE OF PSEUDOMONAS TOXIN AND RICIN A TO CONSTRUCT IMMUNOTOXINS DIRECTED AGAINST 
ADULT T CELL LEUKEMIA AND OVARIAN CANCER. I .  P a s t a d ,  D.  F i tzGeraldl ,  M.C. 

Willinghaml, T.  Waldmann2. ILaboratory of Molecular Biology, National Cancer I n s t i t u t e ,  
National I n s t i t u t e s  of Health, Bethesda, Maryland 20892; 2Metabolism Branch, National Cancer 
I n s t i t u t e ,  National I n s t i t u t e s  of Health, Bethesda, Maryland 20892. 

Pseudomonas toxin ( P E )  has been coupled t o  a var ie ty  of monoclonal antibodies and t h e i r  
a c t i v i t y  assessed aqainst  appropriate c e l l  l i n e s  and i n  some cases compared w i t h  r i c i n  A 
conjugates. A conjugate of PE w i t h  an antibody t o  the IL2 receptor (PE-anti-Tac) k i l l s  HUT 
102 c e l l s ,  a ce l l  l i n e  transformed by H T L V - 1 ,  which hear the I L 2  receptor (FitzGerald e t  a l . ,  
J .  Clin. Invest. 74: 966-971, 1984). Specif ic  ce l l  k i l l i n g  occurs a t  5 ng/ml of PE-anti-Tac. 
Non-specific c e l l  k i l l i n g  occurs a t  around 1 ug/ml. PE-anti-Tac i s  current ly  being evaluated 
in pa t ien ts  w i t h  adul t  T c e l l  leukemia. 

An ovarian cancer model has been developed by 0201s and Hamilton (Hamilton e t  a1 ., Cancer 
Res. 44: 5286-5290, 1984) i n  which a human ovarian cancer c e l l  l i n e  (OVCAR-3) grows 
peritoneal cavi ty  of nude mice and produces massive a s c i t i e s .  MABs react ing w i t h  t h i s  c e l l  
l i n e  have been conjugated with r i c i n  or PE a n d  t es ted  in th i s  model. An immunotoxin made 
u s i n g  an antibody t o  the t ranfer r in  receptor injected 5 days a f t e r  tumor implantation increases 
animal survival from 30-40 days (unt rea ted)  t o  over 100 days ( t r e a t e d ) .  Immunotoxins contain- 
ing PE appear t o  be 5-10 fold more ac t ive  t h a n  t h e i r  RTA counterparts. 

-. 

~ 2 0  THERAPY OF PATIENTS WITH MALIGNANT MELANOMA USING XOMAZYME-ME@, A MONOCLONAL 

ANTIHELANOMA ANTIBODY-RICIN A CHAIN IMMUNOTOXIN: RESULTS OF PHASE I TRIAL, 

Lynn E. S p i t l e r ,  Michael d e l  Rio,  Archie Khentigan, P a t r i c k  Scannon, XOMA Corporation, 

Berkeley, CA 94710 

We conducted a Phase I t r i a l  of XOMAZYME-ME@, a murine monoclonal antimelanoma antibody- 

r i c i n  A chain innnunotoxin, i n  p a t i e n t s  w i th  m e t a s t a t i c  malignant melanoma under an FDA- 

approved protocol .  Twenty-two p a t i e n t s  were evaluated.  The dose of immunotoxin 

adminis tered ranged from 0.01 mg/kg d a i l y  f o r  f i v e  days to  1 rngfkg d a i l y  f o r  fou r  days 

( t o t a l  dose: 

serum albumin with a s soc ia t ed  f a l l  i n  serum p ro te in ,  weight ga in ,  and edema. In  add i t ion ,  

p a t i e n t s  experienced mild to  moderate malaise ,  myalgia,  l o s s  of a p p e t i t e ,  and evening 

f eve r s .  Reactions c o n s i s t e n t  with a l l e r g i c  r eac t ions  were observed i n  th ree  p a t i e n t s .  The 

observed s i d e  e f f e c t s  were r e l a t e d  to the dose of immunotoxin adminis tered i n  mg/kg/day and 

were gene ra l ly  t r a n s i e n t  and r e v e r s i b l e .  Although t h i s  was a Phase I s tudy,  encouraging 

c l i n i c a l  r e s u l t s  were observed, even a f t e r  a s i n g l e  course o f  a low dose of immunotoxin. We 

conclude t h a t  a Phase I1 study i s  warranted t o  cont lnue the  eva lua t ion  of s a f e t y  and 

e f f i cacy  of immunotoxin therapy of malignancy. 

3.2 mg t o  300 m g ) .  Side e f f e c t s  c o n s i s t e n t  i n  most p a t i e n t s  were a f a l l  i n  
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G21 IMMVNOTOXINS (IT) IN BONE MARROW TRANSPLANTATION (BMT): ERADICATION OF T CELLSJLEU- 
KEMIA CELLS AND POTENTIAL FOR TREATMENT OF RESIDUAL DISEASE, Daniel A. Vallera, 

Dorothea E. Myers, John H. Rersey, Alexandra H. Filipovich, and Fatih M. Uckun. Dept of Ther- 
apeutic Radiology and Laboratory Med./Pathology, U. of Minnesota, Minneapolis, MN 55455. 
We have chosen to study intact-ricin IT because of their selectivity, potency, and fast ki- 

netics. We feel they have great potential for elimination of GVHD-causing cells from donor 
grafts prior to allogeneic BMT and for purging residual leukemic cells from grafts prior to 
autologous BMT. We have focused on devising better more informative strategies for the bio- 
logical testing of IT. We have used a clonogenic assay by limiting dilution to determane the 
selective cytotoxicity of anti-CD5 IT against leukemic T cell lines. We found that intact- 
ricin IT inhibited 5 logs of c.onogenic T leukemia cells, while A chain IT were less effec- 
tive inhibiting only 1 log of clonogenic cells. Anti-CD5 A chain plus the potentiator monen- 
sin elicited 4 logs of kill. The most impressive levels of cytotoxicity were obtained when IT 
were combined with DNA alkylating reagents. This approach resulted in 6.2  logs of kill with- 
out inhibiting human stem cells as measured by in vitro CFU-GEMM assay and 7.4 logs at higher 
drug concentrations that proved clinically safe. We have also determined the effect of mix- 
tures of IT on cell lines. Mixtures of IT did not enhance IT kill as compared to individual 
IT in assays using homogenous cell lines, but did in assays of T cell function involving he- 
terogenous cell populations. We are also committed to determining which IT are the best for 
treatment based on the reactivity of IT with leukemic progenitor cells measured in novel co- 
lony assays. These assays are important since data obtained using cell lines may not accur- 
ately reflect the efficacy o f  IT against clonogenic blasts from ALL patients. We found that 
T-lineage blast progenitor cells express the CD2, CD5, and CD7 surface antigens and are sen- 
sitive to ricin. Thus, IT directed against these determinants show potential for clinical use 
in autologous BMT for T-ALL. 

tients received IT treated autotransplants since March of 1984 (5 T-ALL and 2-T lymphoma). 
This early study shows that IT represent a safe, specific, and simple method of purging bone 
marrow of residual leukemic cells. We have also undertaken a phase I evaluation of IT to eli- 
minate T cells from donor marrow in matched sibling transplants for GVHD prophylaxis. A nix- 
ture of 3 anti-T cell intact ricin IT were used to purge allogeneic bone marrow. Our studies 
show that IT purging presents little risk of toxicity and results in shortened hospital stays 
compared with conventional prophylactic regimens. Most importantly, of 17 patients, mostly 
adults, there was no occurence of severe (Grade 111, IV) GVHD. Graft failure was a problem in 
4 of the patients. This has been similarly observed in centers employing other T cell deple- 
tion strategies. We are currently evaluating IT synthesized using hemitoxins. These reagents 
may have therapeutic potential in the svstemic treatment of leukemia patients. 

Our findings have resulted in a phase I trial using IT to purge leukemic cells. Seven pa- 

Monoclonal Antibodies: Clinical Applications 

622 IWMAN METANWA AWXGENS AS T A X E S  FOR IMMuNo?HERApy, R. A. 
Reisfeld, D. A. cheresh, C. J. Hcolsik, anl Y. IZOplEz, Scrip Clinic and 

Research Faundation, 10666 No. Torrey Pines Road, la Jolla, CA 92037. 
?he major gangliosides expressed on surfaces of the human wlanena cells, & G4, are 
involved in tumr cell-suktratuin interactions, as indicates by +am firxiiqs. F i r s t ,  these 
antigens were fcnnd heavily exp- + afhesi:n plaques ewmined by indirect 
i i l m r a m f l w ~ :  d, mncCl0ndl an t lkdl  esdlre&€d inhibited 
atta-t of melarrana cells to fibrunstin. preliminary 
garqliosides interact with a specific protein receptor for fibmnectin. Amxnhs of 
specifically increased on mtastatic versus prinnry melanma cells derived fmn the same 
patic3lt5, as- ' by fluoresameeactivated cell sorter analysis. MDrwver, h- 

increaseinthebi- 'C rate of GL+ in m 2 b d d t i C  V- prin3r-y melaKrma cells. 
GEL, is a relevant target antigen for nmmclcnal antihxly-mediated ONZT -, s h  

anti<% momclonal antibcdies MB 3.6  ani l lC64,  can effectively lyse mel- tmur cells 
in the plasm of hunnn ampla~erh and by antko3y-t cellular cytotcoricity (m) . 
Effector cells isolated fran the peripheral blood of eithex n o d  individuals or 
patients were equally suitable f o r m .  Cells w i t h  mtural killer (NK) activity 
apparently umstitute a cell popilation that affects m, since mly large grcunilar 
lymphocytes, i.e. NK cells, are reactive: mncqtes and enriched T cell pcpllatiarrs are 
inactive. 
-anal w e s  Mi3 3.6 ani l lC64  not only affect gmwth of human melamm cells h 

y&gg but also effectively suppress the growfh of such cells in vim. specifically, 
anti- antikcdies per se inhibit the e s t a b l e  of +anmrs in xnxiy m i c e  whereas a 
sirgle intravemx injection of antjixdy (400 ug) tq5ther w i t h  2 X 10 splenocytf?s fnm 
rma/c mice oapletely destmys established ( - 4 G m )  human melamma tmurs ln such 
animals. mther, these data Mate that cpqlioside represents a mst suitable 
target for &ancam tumr mlirq in a mxLse 2 also west that the 
antilaxly/effector cell approach may -ly pmvide a new nrdality for the clinical 
treatnb=nt of hurmn malignant mel-. 
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Andrew M. Keenan, Susan M. S i e b e r ,  and David C. Covel l ,  Nat ional  Cancer I n s t i t u t e ,  N I H ,  
Bethesda, Md 20892. 

High s p e c i f i c i t y  is u s e f u l  i n  vivo only i f  an  adminis tered ant ibody or ant ibody conjugate  
reaches t h e  intended t a r g e t  and i n t e r a c t s  with i t  e f f e c t i v e l y .  Pharmacologic f a c t o r s  ( a t  
t he  c e l l u l a r ,  whole organ,  and whole body l e v e l s )  are of paramount importance. Some o f  
those f a c t o r s  can be analyzed i n  a s t r a igh t fo rward ,  q u a l i t a t i v e  way; o t h e r s  are more s u b t l e  
and r e q u i r e  formal, q u a n t i t a t i v e  a n a l y s i s  of t h e  physiologic  systems involved ( 1 , 2 ) .  To a i d  
i n  t h a t  a n a l y s i s ,  we have used the  SAAH computer programs to cons t ruc t  physiological ly-based 
models with which t o  assess our own (and o t h e r s ' )  data from animal and c l i n i c a l  experiments.  
The models have been app l i ed  t o  data obtained after intravenous and subcutaneous ant ibody 
admin i s t r a t ion .  Both r o u t e s  w i l l  be discussed.  

Models were constructed i n  t h e  con tex t  of experiments on the pharmaccdis t r ibut ion of IgC, 
F (ab ' )2 ,  and Fab' a f t e r  i . v .  and S.C. i n j e c t i o n  i n  mice. The bindable  ant ibody was a 
murine IgC, directed a g a i n s t  t h e  a l l e l i c  B-cell determinant  LyB8.2. MOPC 21 and its 
fragments served as isotype-matched c o n t r o l s  and y i e lded  r e fe rence  metabolic d a t a  on 
non-bindable Ig. The r e s u l t s  shed l i g h t  on the complex t r ade -o f f s  between t h e  d i s t r i b u t i o n ,  
c l ea rance ,  binding p r o p e r t i e s  o f  t h e  d i f f e r e n t  fragments (for use i n  design of  in vivo 
a p p l i c a t i o n s ) .  A s  expected,  a l l  of the  s a l i e n t  p rocesses  were faster f o r  Fab' fragments 
than for  the l a r g e r  moie t i e s ,  bu t  that w i l l  no t  always lead t o  f avorab le  r e s u l t s .  A s  i n  our 
p a s t  s t u d i e s  wi th  o t h e r  a n t i g e n i c  t a r g e t s  on normal C e l l  t ypes  ( 3 , 4 ) ,  admin i s t r a t ion  
was much more e f f i c i e n t  than i . v .  i n j e c t i o n  for  d e l i v e r y  of ant ibody to r eg iona l  lymph 
nodes. 
1 .  Weinstein,  J.N., S t e l l e r ,  M.A.,  Covel l ,  D.C., Dower, S.K., Segal, D . M . ,  Keenan, A.M. ,  

S i ebe r ,  S.M., and Parker ,  R.J. In:  "Af f in i ty  chromatography and Biological  Recognition" 
(I.M. Chaiken, e t  al., e d s ) ,  Academic P res s ,  N.Y., 1983, pp. 337-342. 

2.  Covel l ,  D.G., Steller, M.A., Pa rke r ,  R.J., and Weinstein,  J .N .  In:  "Computer 
Applicat ions i n  Medical Care" (M. Ackerman, ed.), IEEE Pres s ,  N.Y. ,  1985, pp. 884-888. 

3. Weinstein,  J.N., Parker, R.J., Keenan, A.M., Dower, S.K., Morse, H.C., 3rd,  and S iebe r ,  
S.M. Science 218:1334-1337, 1982. 

4. Weinstein,  J.N., Parker ,  R.J . ,  Holton, O.D., 111, Keenan, A.M. ,  Covel l ,  D.G.,  Black, 
C.D.V., and S i e b e r ,  S.M. Cancer Inves t iga t ion  3:85-95, 1985. 

THE PHARMACOLOGY OF MONOCLONAL ANTIBODIES, John N. Weinstein,  Chris topher  D.V. 
Black, Robert J .  Parker, 0. D i l e  Holton, 111, Renee Eger, Jacques B a r b e t ,  

and 

S.C. 

624 HUMAN TUMOR NECROSIS FACTOR AND LYMPHOTOXIN: THEIR STRUCTURAL AND FUNCTIONAL 
SIMILARITIES, Bharat B. Aggarwal and Thomas E. Eessalu, Department of 

Protein Biochemistry, Genentech Incorporated, 460 Point San Bruno BIvd., South San 
Francisco, CA 94080 
Tumor Necrosis Factor (TNF) is a cytotoxic activity, known to be secreted into the sera of 
animals injected sequentially with bacillus Calmette-Guerin and endotoxin.? 
activation of lym hocytes causes the production of another cytotoxic activity called 
lynphotoxin (LT).? We have used a human monocytic cell line HL-60 and a human 
lymphoblastoid cell line RPMI-1788 as a source of proteins that we have designated to be 
TNF and LT respectively. Their relationship to the protein(s) previously reported to be 
responsible for cytotoxic activity is ambiguous. 
homogeneity from these cell lines and their complete amino acid sequence determined. TNF 
is a non-glycoprotein containing 157 amino acid residues whereas LT is a glycoprotein and 
consists of 171 amino acids. The carbohydrate portion of the LT molecule appears not to be 
required for its biological activity. The amino acid sequence of TNF is 36 percent 
identical and 51 percent homologous to LT. Secondary structure predictions based upon 
amino acid sequence indicated that both proteins contain greater than 60 percent 6-sheet 
and less than 20 percent a-helix. The hydropathy profiles of LT and TNF show that they 
exhibit hydrophilic amino terminal and hydrophobic carboxyl terminal ends. Using amino 
acid seauence information on LT and TNF, both cytokines have been cloned and expressed by 
recombinant DNA methods. 

Both TNF and LT are known to inhibit the growth of various tumor cells in vitro and - vivo. The antitumor activities of these cytokines are synergistically potF?if7TEd 
by interferons. Our recent results indicatt that TNF and L T  interact with 
cells through a specific, single class of high affinity receptors (Kd210-1%) and there 
are on the average approximately 2000 receptor sites per cell. 
receptors can be induced 2-3 fold by interferon without any change in their affinity 
constant. The binding o f  TNF to cells can be displaced quantitatively by LT, suggesting 
that these two molecules share a common receptor. Thus both structural and functional 
characteristics indicate that LT and TNF are closely related molecules released by two 
different cell types of the immune system under differential control. Due to these 
similarities, we have renamed LT as TNF-B. 
1. Carswell E.A. et a1 Proc. Natl. Acad. Sci. 72 (1975) 3666. 
2. William T.W. e t a T N m  mli368rl076. 
INVITED TALK AT T K  T 9 m L A  SYMPOSIUM ON MEMBRANE MEDIATED CYTOTOXICITY" 

The 

Both TNF and LT have been purified to 

Furthermore, the number of 
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Cytotoxic Effector Molecules of Leukocytes 

ROLE OF SOLUBLE CYTOTOXIC FACTORS IN NK CELL MEUIATED CYTOTOXICITY, Benjamin 
Bonavida, Susan C. Wright, Robert Roozelnond*, Stan Wilbur, and Scott Graves, 

625 
Dept. Microbiology and Irmnunology, UCLA School of Medicine, and *The University of 
ilnsterdam, The Netherlands. 
Studies derived from our laboratory have provided evidence for a r o l e  of  NKCF in the 
mechanism of NK CMC reaction. Rodents and human NK effector cells cocultured with 
NK-sensitive tumor cells release NKCF into the supernatant. These factors are 
selectively cytotoxic for NK-sensitive target cells and also species-specific. 
lines of evidence have established a close correlation between the known characteristics 
of NK cells and the properties of NKCF. 
consisting of various steps and stages which account for the NK lytic mechanism. 
Initially the NK cell recognizes and binds the target cell, the target cell delivers a 
signal to the effector cells to activate the NKCF release mechanism. Once the NKCF are 
released, they bind the target cells via NKCF binding sites. Subsequent to binding of 
NKCF, the target cells are l p e d  in the lymphocyte-independent phase of the cytolytic 
reaction. Experimental evidence in support of the model as well as characteristics of 
the various stages involved in the NK lytic pathway will be presented. Also, the 
relationship of NKCF to other lytic mediators will be discussed. 

Several 

Based on these studies, we have proposed a model 

LEUKOREGULIN. LYMPHOTOXIN AND INTERFERON TRANSMEMBRANE SIGNALS AND REGULATION OF 
CELL GROWTH, Charles H. Evans, National Cancer Institute, Bethesda. MD 20892. 

626 
The role of plasma membrane ion fluxes in the ability of lymphokines to modulate target cell 
membrane stability and cell proliferation was examined by flow cytometic analysis of cell 
surface perturbations indicative of membrane destabilization. pi 5.1 leukoregulin, pi 1.0  
lymphotoxin, and interferon were isolated by ion exchange, isoelectric focusing and 
molecular sizing chromatography from lymphokines produced by phytohemagglutinin stimulated 
normal human lymphocytes. Increased membrane permeability commencing within five minutes of 
lymphokine exposure o f  K562 human erythroleukemia cells was quantitated by measuring the 
efflux of intracellular fluorescein or  influx of propidium iodide using 488 nm argon laser 
excitation in a FACS IV cell sorting flow cytometer o r  using mercury arc excitation in a 
FACS Analyzer. Membrane permeability increased in proportion to leukoregulin concentration 
but remained unperturbed in the presence of either lymphotoxin o r  interferon. By two hours 
0.25-30 units of leukoregulin/ml induced a 10-90 percent change in permeability. Similar 
changes in K562 plasma membrane permeability were effected by Ca++ ionophores A23187 and 
X-537A but not by the Na+ ionophore monensin nor the K+ ionophore valinomycin. Ca++ 
ionophores and intracellular Ca++ mobilizers oaubain and amphotericin 8, moreover, enhanced 
whereas calmodulin inhibited leukoregulin action. Neither the Ca++ channel blockers 
nifedipine or verapamil nor the Na+ or K+ transport blockers amiloride and atracyloside 
altered membrane permeability o r  enhanced leukoregulin activity. Further evidence for 
increased Ca++ flux during leukoregulin membrane destabilization was an increase in 
intracellular free Ca++ measured by the Ca++ sensitive fluorescent probe quin2. Kinetic 
analysis of target cell volume, forward and right angle light scatter, fluorescein efflux 
and propidium iodide influx. moreover, revealed that the pattern induced by leukoregulin is 
unique. Within minutes of target cell interaction leukoregulin initiates a series of 
membrane perturbations characterized by increased Ca++ flux, membrane permeability, and 
altered cell surface conformation. One unit o f  leukoregulin produces a 50 percent reduction 
in the proliferation of lo4 K562 cells and affects each phase of the cell cycle. As many as 
5 x lo4 I.U. of y-interferon and lo2 aL929 cytolytic lymphotoxin units fail to alter K562 
proliferation o r  membrane permeability. Leukoregulin i s  produced by natural killer cells 
and by itself increases the sensitivity of target cells to natural killer cell cytolysis. 
These activities and leukoregulin's high specificity for tumor cells indicate its potential 
as one of the early mediators effecting the destabilization of the target cell membrane in 
natural cytotoxicity reactions. Increased transmembrane Ca++ flux and plasma membrane 
permeability may be critical initial steps in the ability of leukoregulin to prevent the 
development of carcinogenesis as well as inhibit the continued proliferation of tumor cells. 
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G27LYMPHOTOXINS: ANTI-TUMOR AGENTS AND INDUCERS OF INFLAMMATION. G. Granger, S .  
Orr, B. Averbook, I. Masunaka and R: Yamamoto. U. of Cal. Irvine, Irvine, CA. 

Human B cells, NK cells, and specific and nonspepcific cytolytic T cells can 
release a lymphotoxin(LT) termed alpha. 
in two molecular forms. The present studies were performed with a purified, 
dimeric alpha LT composed of one 72.000 Molecular Weight(MW) heavy(H) chain 
and a 25-27,OOOMW light(L) chain. Immunologic and structural studies indicate 
the 7, and H chains are distinct peptides. This material causes dose dependent 
growth inhibition or necrosis of Meth A tumors growing in Balb/c mice when 
administered systemically or into the tumor. Treated animals remain tumor 
free for one year and are resistant to rechallenge with Meth A cells but are 
succeptable to NS-I tumors. The molecule has a 2-3 hr half life in oormal and 
tumor bearing Balblc mice. Parenterally administered LT does n o t  selectivly 
localize in tumor tissue and is rapidly sequestered in and excreted by the kidney. 
Histologic studies of injected tumors shows an early influx of host PMN and later 
of mononuclear cells. This LT form induces a strong cellular infiltration when 
injected into the skin of normal mice and rabbits. Thus material has anti-tumor 
effects and appears to be an inducer of inflammation. 

Human alpha LT is a protein that appears 

Cell-Mediated Killing and Clinical Applications 

628 
and Marie-Francoise Luciani, Centre d’Immunologie INSERM-CNRS de Marseille-Luminy, Case 
906, 13288 Marseille Cedex 9 ,  France 

CYTOTOXIC T CELL-ASSOCIATED TRANSCRIPTS, Pierre Golstein, Jean-Francois Brunet, 
Magali Roux-Dosseto, William R. Clark, Tariq M. Haqqi, Anne-Marie Schmitt-Verhulst 

Molecular biology techniques could he used in two ways when studying the mechanism of 
T cell-mediated cytotoxicity. A first way is to clone genes coding for known cytolytic 
molecules (such as lymphotoxins, cytolysinlperforin). A second way is to try to detect 
molecules, not necessarily known, which might be involved in cytotoxicity, on the basis of 
differential transcription of the corresponding genes in cytotoxic T cells and not in other 
cells. 

subjected the recombinant clones to three successive rounds of screening with a range of 
radioactive cDNA probes derived from various cytotoxic and non-cytotoxic cell populations. 
Ultimately selected recombinant cDNA clones were grouped into 3 CTLA families according to 
cross-hybridization pattern and transcript size. Additional checks for cytotoxic T cell 
association were made in Northern blot experiments. These results will be presented, as 
well as those of preliminary studies on structure and expression-function relationship. 

Following the latter approach, we made a differential (Tc-B) cDNA library and 

~ 2 9  ROLE OF NATURAL KILLER CELLS I?: PREVENTIO?; AXD THERAPY OF 
XETASTASES, Ronald B. Herberman, Pittsburgh Cancer Institute, 
Pittsburgh, PA 15213. 

There is increasing evidence that natural killer (XK) cells play an important role in the 
prevention and therapy of tumor metastases. Selective deficits in AK activity have been 
associated with a substantial increase in the number of metastases in organs usually 
susceptible to metastases by a particular tumor, and also with the development of metastases 
in organs usually resistant to formation of metastases. Conversely, restoration of deficient 
NK activity or augmentation of NK activity above baseline levels results in increased 
resistance to development of metastases. These levels of NK activity in the major organs 
which are susceptible to metastases are more relevant than the levels of XK activity in the 
peripheral blood or spleen. It has recently been shown that administration of various 
immunomodulators, including interferon and interleukin 2, can substantially augment organ- 
associated KK act<-vity. Such information should lead to new strategies for prevention and 
therapy of metastases. In such therapeutic approaches, the main consideration is the 
utilization of a dose and schedule of the immunomodulator which will induce repeated 
augmentation or sustained high levels of SK activity. A n  alternative strategy for utiliza- 
tion of NK cells for therapy is to stimulate these effector cells in vitro and then 
adoptively transfer them to the tumor bearing-individual. The majority of IL 2-stimulated 
cytotoxic effector cells, as well as the interferon-stimulated effector cells, have been 
shown to have the characteristics of activated NK cells. When s u c h  cells are transferred 
to tumor-bearing individuals, combined with repeated administration of IL-2 to maintain 
cytotoxic effector function in vivo, substantial therapeutic results have been noted in 
various tumor models. Therapy has been most effective when tumor-burden is first reduced 
by appropriate cytoreductive therapy. Presumably because of limitations in the circulation 
pattern of the transferred cells, administration of effector cells to each of the tissue 
compartments affected by tumor has been necessary to induce cures. 
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IMMUNOTHERAPY OF CANCER USING LYMPHOKINE ACTIVATED KILLER (LAK) CELLS AND 
INTERLEUKIN-2 (IL 2)l 
Branch, National Cancer Institute, Bethesda, MD 20892 

Steven A. Rosenberg and Stephen E. Ettinghausen, Surgery 
G30 

The incubation of murine splenocytes or human lymphocytes in IL-2, a lymphokine produced by T 
helper cells, generates LAK cells which are capable of lysing a wide variety of fresh, natural 
killer (NK) resistant tumor cells but not  normal cells in short term chromium release assays. 
LAK cells are distinct from NK cells and CTL. We have developed models of pulmonary and hepa- 
tic metastases in mice and. with these models, hav; established the anti-tumor efficacy of LAK 
cells against immunogenic and non-immunogenic sarcomas, melanomas and carcinomas. A single 
tumor cell suspension is injected intravenously (iv) to generate lung metastases or intra- 
splenically via a left subcostal incision to create liver metastases. On day 3 after injection. 
when established metastases are evident histologically, mice receive 108 LAK cells iv followed 
by a second LAK cell dose on day 6 .  From day 3-8. 5000-100,000 units of It-2 in Hank's saline 
(HBSS) are given intraperitoneally (ip) 3 times a day (tid). On day 14, mice are ear-tagged 
and randomized. The lungs or livers are harvested and counted blindly before the code is 
broken and data analyzed. In 27 experiments with 3 day pulmonary Barcoma metastases, the comb- 
ination of LAK cells plus 20.000-50.000 units of IL-2 produced an 88.3?1.9% reduction of metas- 
tases when compared to HBSS alone. Similar results were obtained in the liver model. No sig- 
nificant reduction of metastases was observed when either LAK cells or IL-2 at these doses 
were used alone or fresh or cultured (without IL-2) splenocytes were substituted for LAK 
cells. Maximal in vivo activity of LAK cells was generated after 3 days of incubation in 
IL-2. Allogeneic LAK cells were as effective as syngeneic cells in vitro and in vivo in the 
lung model. Titrations of both IL-2 dose and numbers of LAK cell infusions and LAK cells/ 
infusion showed a direct relationship with anti-tumor activity in both models. Therapy with 
LAK cells plus IL-2 yielded a significant prolongation in survival as compared to controls. 

stimulate tissue expansion of donor w( cells in tissues. In vivo proliferation was assessed 
by the ip injection of 1251-iodo-deoxyuridine (IUdR), a thEidine analog incorporated into the 
DNA of dividing cells. In response to injected IL-2, significant expansion of donor LAK cells 
occurred in the lungs. liver, kidneys, spleen and mesenteric lymph nodes of mice preirradiated 
t o  eliminate proliferation by endogenous lymphocytes. LAK cells recovered from lungs of mice 
receiving LAK cells plus IL-2 showed at least a 32-fold increase in number of lytic units per 
lungs over those of control animals. Because of the consistent success of this treatment with 
a broad range of tumors in the murine system, a trial of LAK cells plus IL-2 in the therapy of 

Since IL-2 was required for successful LAK cell therapy, we studied the ability of IL-2 to 

humans with cancer is presently underway. 

eds. J.B. Lippincott Co. 1986. 
IRosenberg, SA. In: Important Advances in Oncology - 1986. DeVita, Hellman, Rosenberg, 

Liposomal Delivery Systems and Applications 

IMMUNOLOGIC AND METABOLIC CONSEQUENCES OF LIPOSOME-CELL INTERACTIONS, Carl R .  
Alv ing ,  N a b i l a  M.  Wassef, M a r t i  J e t t ,  and  W i l l i a m  E .  F o g l e r .  Department o f  

Membrane B i o c h e m i s t r y ,  Walter Reed Army I n s t i t u t e  of R e s e a r c h ,  Washington ,  DC 20307-5100 
The i n f l u e n c e  of p h o s p h o l i p i d  metabol i sm on cel l  f u n c t i o n s  h a s  been probed w i t h  l iposomes .  
Numerous s y s t e m s  have  been d e s c r i b e d  i n  which e x t e r n a l  s t i m u l i ,  s u c h  as r e c e p t o r - a g o n i s t  
i n t e r a c t i o n ,  i n d u c e  i n c r e a s e d  t u r n o v e r  o f  i n t r a c e l l u l a r  p h o s p h a t i d y l i n o s i t o l  ( P I ) .  We have  
d e v i s e d  methods ,  u s i n g  l iposomes  c o n t a i n i n g  PI or o t h e r  p h o s p h o l i p i d s ,  t o  s u p p r e s s  i n c r e a s e d  
PI t u r n o v e r .  For example ,  complement-dependent p h a g o c y t o s i s  of l i p o s o m e s  by macrophages is 
a s s o c i a t e d  w i t h  i n c r e a s e d  PI t u r n o v e r ,  b u t  p h a g o c y t o s i s  and i n c r e a s e d  PI  t u r n o v e r  b o t h  were 
s u p p r e s s e d  when t h e  l i p o s o m e s  c o n t a i n e d  P I .  We now d e s c r i b e  t h r e e  s y s t e m s  i n  which 
p h a g o c y t o s i s  and  PI  t u r n o v e r  are d i s s o c i a t e d .  I n  e a c h  c a s e  enhanced p h a g o c y t o s i s  o c c u r r e d  
as e x p e c t e d ,  b u t  i n c r e a s e d  PI  t u r n o v e r  was s u p p r e s s e d .  We c o n c l u d e  t h a t  t h e  "messenger" 
f u n c t i o n  t h a t  is o f t e n  a s s o c i a t e d  w i t h  i n c r e a s e d  PI t u r n o v e r  can  be  induced  by opsonized  
l i p o s o m e s .  However, PI t u r n o v e r  a s s o c i a t e d  w i t h  p h a g o c y t o s i s  also can b e  r e a d i l y  s u p p r e s s e d  
by a p p r o p r i a t e  l i p o s o m e s  w i t h o u t  a d v e r s e l y  i n f l u e n c i n g  p h a g o c y t o s i s .  I t  a p p e a r s  t h a t  t h e  
mechanism r e s p o n s i b l e  for  PI  t u r n o v e r  is  a n  independent  u n i t  t h a t  can  be  modulated by 
e x t r a c e l l u l a r  s t i m u l i .  

We h a v e  also examined t h e  r a t e  of t u r n o v e r  of p h o s p h o l i p i d s  i n  mur ine  p e r i t o n e a l  
macrophages d u r i n g  t h e  attachment and s p r e a d i n g  p h a s e  a f t e r  i n i t i a t i o n  of c u l t u r e .  Certain 
p h o s p h o l i p i d s  (PC, P E ,  PS) undergo  a n  i n c r e a s e  i n  3 * P  l a b e l i n g  w h i l e  o t h e r  p h o s p h o l i p i d s  
(PA, P I ,  PIP ,  PIP , )  do n o t  show a p a r a l l e l  i n c r e a s e d  i n c o r p o r a t i o n  of r a d i o l a b e l .  I t  is 
l i k e l y  t h a t  PC, PE, and  PS r e p r e s e n t  " b u i l d i n g  b lock"  p h o s p h o l i p i d s  t h a t  are s y n t h e s i z e d  
r a p i d l y  d u r i n g  p e r i o d s  of i n c r e a s e d  plasma membrane s y n t h e s i s .  T h i s  o b s e r v a t i o n  s t r e n g t h e n s  
t h e  c o n c e p t  t h a t  "messenger" and  " b u i l d i n g  b l o c k "  s y s t e m s  o f  p h o s p h o l i p i d s  c a n  e x i s t  
i n d e p e n d e n t l y  i n  t h e  ce l l  membranes, and e a c h  may, be  i n d e p e n d e n t l y  s e n s i t i v e  to 
e x t r a c e l l u l a r  s t i m u l i  s u c h  a s  o p s o n i z a t i o n  and  p h a g o c y t o s i s .  

The e f f e c t s  o f  l i p o s o m e s  on nonphagocyt ic  c e l l s  were a l s o  i n v e s t i g a t e d .  Liposomes con- 
t a i n i n g  p l a n t  PI  ( b u t  n o t  t h o s e  w i t h  a n i m a l  P I )  a r e  c y t o t o x i c  to  15 tumor c e l l  l i n e s ,  b u t  
are n o t  c y t o t o x i c  t o  4 normal c e l l s .  We now know, t h a t  " c y t o t o x i c "  p h o s p h o l i p i d s  ( P I  o r  PC 
c o n t a i n i n g  s n - 2  l i n o l e i c  or a r a c h i d o n i c  a c i d )  are t a k e n  up by tumor cel ls  t o  a much g r e a t e r  
e x t e n t  t h a n  " n o n c y t o t o x i c "  p h o s p h o l i p i d s  ( P I  o r  PC c o n t a i n i n g  sn-2  o l e i c  a c i d ) .  D e g r a d a t i o n  
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of g rea t l y  increased amounts of P I  o r  PC by phospholipase A2 produces h igh l eve l s  o f  f ree  
f a t t y  ac id  and lysophospholipid, both o f  which compounds exer t  conslderable c y t o t o x i c i t y .  

We conclude tha t  liposomes can gain access t o  and in f luence a t  l e a s t  three independent 
c e l l u l a r  "compartments" t h a t  are c losely  l i n k e d  t o  phospholipid turnover and metabolism. 
These compartments can be characterized as representing "messenger", "bu i l d ing  block", and 
"metabolic" funct ions o f  c e l l s  and c e l l  membranes. 

(332 LIPOSOMAL DELIVERY OF A WATER-SOLUBLE DRUG COVALENTLY ATTACHED TO 
Stephen C. Kinsky and Keiichiro Hashimoto, Notional Jewish Center for 

Liposomes, containing methotrexate (MTX) trapped in the aqueous comportments, have been extensively 
investigated as models for vesicle-mediated drug delivery. These studies have revealed several 
obstocles associated with potential liposomal therapy, including the problem of drug leakage. In the 
case of methotrexate, the latter can be circumvented by incorporating the drug into lipid bilayers as 
MTX-y-DMPE (an omphipathic derivative in which MTX is linked vio i ts y glutamyl carboxyl group to 
the amino function of dimyristoylphosphotidylethanolamine (DMPE)) (I ). Liposomes, prepared with 
MTX-y-DMPE, were 10-100 fold more effect ive than liposomes, made with either MTX-a-DMPE or 
MTX-a, y-diDMPE, i n  inhibiting the proliferation of both mause and human cel l  lines (as measured by 
the incorporation of  tr i t iated deoxyuridine into DNA) (2). Most importantly, MTX-y-DMPE sensitized 
liposomes do not employ the ubiquitous methotrexate transport system to  enter cells in spite of the fact 
that MTX residues, which are anchored to liposomal biloyers in this manner, are accessible to other 
proteins that have binding sites for the drug (e.g., the target enzyme, dihydrofolate reductase (DHFR), 
and anti-methotrexate antibodies) (2). Thus, these liposomes are able to block growth of cells that are 
resistant to methotrexate because of a defective transport system (3) .  Avoilable evidence olso suggests 
that the liposomes may partially reverse methotrexote resistance due to overproduction of  DHFR, 
perhaps os o consequence of the intracellulor accumulation of  phosphorylated metobolites of MTX-y -  
DMPE. Current studies focus on the ability of antibodies to target the liposomes to specific cells, and 
porticularly the influence of antibody direction on the mechanism of liposomal uptake (endocytosis vs. 
fusion) and subsequent metabolism of MTX-y-DMPE. These experiments ut i l ize several new 
iodoacetylated and biotinylated phospholipid derivatives (to be described) for the preparation and 
isolation of liposomes with attached monoclonal antibodies. 
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(333 ANTIBODY-DIRECTED LIPOSOMES FOR TARGETING OF DRUGS TO SPECIFIC CELLS 
D. Papahadjopoulos. T. Heath, R. Debs, K. Matthay. and R.  Straubinger. 

Cancer Resedrch I n s t i t u t e ,  Un ive rs i t y  o f  Ca l i f o rn ia ,  San Francisco CA 94143 
Drug de l i ve ry  t o  cancer c e l l s  w i t h  antibody-directed liposomes i s  a promising method to  

increase s p e c i f i c i t y  and e f f i c a c y  o f  cancer therapy. Toward t h i s  end, we have developed 
methodology f o r  conjugat ing innnunoglobulins on liposomes (1 )  and have studied the condi t ions 
necessary f o r  optimal de l i ve ry  o f  cy to tox i c  drugs i n t o  the r e c i p i e n t  t a rge t  c e l l s  ( 2 ) .  

We have described the fo l l ow ing  important parameters f o r  enhancing the e f f i c a c y  o f  
antibody-directed liposomes i n  drug de l i ve ry :  i )  Liposome-dependent cy to tox i c  agents: 
Drugs such as methotrexate-Y-aspartate ( 3 )  and 5 - f l uo ro -o ro t i c  ac id  (41, which are unable t a  
enter  c e l l s  wi thout  a c a r r i e r ,  thus d imin ish ing the non-specif ic e f f e c t s  o f  the drug i t s e l f .  
i i )  Mul t iva lency o f  liposome in te rac t i ons :  Antibody-conjugated liposomes have a higher 
valency than the so lub le antibody and b ind to  c e l l s  w i t h  up t o  1,000-fold higher a f f i n i t y  
constant (5) .  i i i )  Recognit ion o f  m u l t i p l e  l igands:  Liposomes which i n t e r a c t  w i t h  more 
than one type o f  l igands on the c e l l  surface show marked advantages i n  both c e l l  assoc iat ion 
and c y t o t o x i c i t y  ( 6 ) .  i v )  Optimal liposome s i ze  f o r  drug de l i ve ry :  Optimal diameter 
ranges from 0.05 t o  0.1 micron, depending on ta rge t  c e l l  type (7 ) .  

t a rge t  
t issues present w i t h i n  the vascular system. Liposomes conjugated t o  MRCOX7 (anti-Thy 1.1) 
monoclonal antibody showed enhanced uptake by the lymph nodes o f  AKR-J (Thy 1.1) mice 
compared t o  AKR-CU (Thy 1.2) mice. This was as expected since Thy 1.1 i s  an antigen 
expressed on T lymphocytes present i n  blood, thymus, lymph nodes and spleen o f  Thy 1.1 
p o s i t i v e  (AKR-J) mice. We have a lso found, however, t h a t  the presence o f  liposome-bound 
antibody increases liposome clearance by the l i v e r ,  wh i l e  decreasing liposome l e v e l s  i n  a 
number o f  o ther  organs. 

It appears from the above r e s u l t s  t h a t  d i r e c t  a c c e s s i b i l i t y  t o  the ta rge t  c e l l s ,  and 
by-passing o r  t ak ing  advantage o f  the hepatic clearance should be p a r t  o f  any s t ra tegy f o r  
i n  v i vo  liposome target ing.  On the bas is  o f  the above conclusions, we have chosen ovarian 
carcinoma and l i v e r  metastasis as the most promising systems f o r  f u t u r e  therapeutic use o f  
antibody-targeted liposomes. 
References. 
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Genetics of Cell Recognition and Killing 

G34 
School, Boston, H A  02115 
Cytolytic T lymphocyte (CTL)-mediated l y s i s  of a n  appropriate ta rge t  ce l l  i s  a complex c e l l -  
c e l l  in te rac t ion  with mult iple  functional requirements. Effect ive l y s i s  of the ta rge t  c e l l  
requires  CTL adhesion to the ta rge t  c e l l ,  antigen recogni t ion,  the t r igger ing  of i n t r a c e l l u l a r  
ac t iva t ion  a n d  the discharge of the l y t i c  mechanism. Cn a molecular l e v e l ,  several  T ce l l  
Surface s t ruc tures  have been associated with these funct ions.  CD4/CD8, C D 2 ,  CD3, L F A - 1  a n d  
LFA-3 are  membrane molecules t h a t  do not d i r e c t l y  bind ant igen,  b u t  may f a c i l i t a t e  recognition 
a n d  l y s i s  of the ta rge t  c e l l .  To inves t iga te  these function-associated molecules, we have 
used a var ie ty  of genetic and monoclonal antibody ( I lPh) techniques. MAb t o  a l l  s ix  molecules 
inh ib i t  CTL-mediated cy to lys i s  i n  the  absence of complement. I n  addi t ion to  inh ib i t ing  cyto- 
l y s i s ,  FlAb t o  CD3 have been shown t o  t r igger  nonspecific CTL-mediated k i l l i n g .  The a b i l i t y  
of these 1lAb t o  influence CTL funct ion,  whereas M A b  to  most ce l l  surface molecules do not ,  
suggests t h a t  these molecules par t ic ipa te  in CTL function. A complementary approach t o  MAb 
inh ib i t ion  has been the  use of genetic var ian ts .  Spontaneous phenotypic v a r i a n t s  obtained 
from both murine T c e l l  hybridomas and human CTL clones have helped c l a r i f y  the function of 
the CD4/CD8 molecules. The her i tab le  C F A - 1  def ic iency syndrome has permitted detai led study 
of the LFP-1 molecule on human C T L  clones. I n  the absence of genet ic  var ia t ion ,  a somatic 
c e l l  hybrid approach has been osed to  evaluate  the par t ic ipa t ion  of LFA-3 i n  the CTL-target 
ce l l  in te rac t ion .  By using MAb, genet ic  v a r i a n t s ,  and DNA-mediated gene t r a n s f e r ,  we have 
been able  t o  c l a r i f y  the function of these ce l l  surface molecules a n d  fur ther  def ine t h e i r  
ro le  in the CTL-target ce l l  in te rac t ion .  

A WLECULBR ANALYSIS OF THE CYTCLYTIC T LYP:PHDCYTE RFSPDNSE, Steven J .  Burakoff, 
Division of Pediatr ic  'hcology, Dana-Farber Cancer I n s t i t u t e ,  H a r v a r d  Medical 

INVOLVEviEl~ OF PIGPFOLIPASF A, IN THE ~ H A N I S E  O r  CiLL ACTIVATIO?I AMD KILLING, 
5sao Ilirata, Laboratory of C c l l  Siolow, National I n s t l t u t c  of hiental Health, 

Bethesda, Maryland 20892 
The c y t o l y t i c  reac t ion  mediated by cytotoxic  T lymphocytes (ax) m a  i a t n r a l  k i l l e r  (KK) 
cells invo1ve.j a sequence of binding to ta rge t  cells, postbinding c y t o l y t i c  events  and 
recycl ing of effector cells. Quinacrine, pbromophenacyl brmiide, t e t raca lne ,  ad natura l ly  
occurr ing phospholiprLse inh ib l tory  pro te in  ( l ipocor t in)  i n h l b i t  dose-dependently t h i s  
c y t o l y t i c  reac t icn  as w e l l  as phospholipase A, a c t i v i t y  i n  v i t r o .  
react ion required t h e  presence of these compounds durlng the  e a r l y  perid of t h e  assay and 
the  treatment of the  effector cells but not of the  ta rge t  cells exhibi ted greater inhib i t ion .  
These agents  did not block the  binding of the  e f f e c t o r  cells to the t a r g e t  cells. 
a l l  these compounds i n h i b i t  phospholipases by d i f f e r e n t  mechanisms, these r e s u l t s  sdggest 
t h a t  p h o s p h o l i p a d s )  is involved i n  the  c y t o l y t i c  react ion.  
effects 011 the  acute  phase of the  reac t ion ,  these  phospholipase i n h i b i t o r s  suppressed the 
gerioration of CI'L s t imulated by a l logenic  non-T cells, but they f a i l e d  t o  reduce the 
secondary p r o l i f i r a t i v e  respnnst. of CI'L to t h e  same st imulat ion.  
tha t  phospholipase i n h i b i t o r s  do not block t h e  recogni t ion of nntigens by lymphocytes, 
while they i n h i b i t  the  mitogenic response of T cells. Tnken together ,  w e  assumed t h a t  
phospholiFase(s) is involved i n  t h e  postbinding events  of c e l l u l a r  ac t iva t ion .  

635 

The inhib i t ion  ot t h i s  

Since 

In addi t ion  to  inhib i tory  

These r e s u l t s  suggest 

Cytotoxic Proteins: Structure and Activity Receptors; Receptor-Mediated Entry 
Mechanisms; Membrane Interactions of Toxins and Viruses Structure; 
Function of the Complement System 

G36 
David Birch, Cetus Corporation, Emeryville, CA 94608. 

Aff ini ty  chroiatography on any o f  th ree  very d i f f e r e n t  a f f i n i t y  adsorbents has 
permitted f rac t iona t ion  of the a l k a l i n e  isotoxin,  r i c i n  E ,  i n t o  two forms which we 
ca l l  E l  and E2. Ricin E l  has t h e  s t r u c t u r a l  and functional proper t ies  previously 
assigned t o  r i c i n  E.  I t  has three  charge types w i t h  PI values of 8.7, 8.6, and 8.2, 
mouse t o x i c i t y  s i m i l a r  t o  t h a t  of r i c i n  D, cy to toxic i ty  between 1 and 100% o f  t h a t  of  
r i c i n  D (depending on ce l l  l i n e ) ,  and a very low a f f i n i t y  f o r  agarose. Ricin E2,  the  
less abundant form, has 2-5% of the  cy to toxic i ty  and 1% of t h e  mouse t o x i c i t y  of r i c i n  
E l  and h a s  s ign i f icant ly  higher a f f i n i t y  than r i c i n  E l  f o r  agarose (lower than t h a t  of 
r i c i n  D under some e lu t ion  condi t ions) .  The modest s t r u c t u r a l  d i f fe rence  between 
r i c i n s  E l  and E2 appears t o  res ide e n t i r e l y  in the  B chains, which have d i f f e r e n t  
apparent MW values but ident ica l  i s o e l e c t r i c  focusing pa t te rns  and carbohydrate 
compositions. 
encouragingly high s p e c i f i c  cy to toxic i ty  and low mouse tox ic i ty .  
in  these regards than corresponding immunotoxins containing r i c i n  E l .  

A NOVEL RICIN ISOTOXIN OF LOW TOXICITY, Will Bloch, Ross Cox, Greg 
Groetsema, Charles V i t t ,  Walter Laird, Robert F e r r i s ,  Margaret Ebreland, and 

Anti-human-breast-tumor immunotoxins containing r i c i n  E2 show 
They perform b e t t e r  
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G37 FORMATION OF INFLUENZA VIRUS PARTICLES LACKING HEMAGGLUTININ ON THE VIRAL ENVELOPE: 
ANALYSIS OF TEMPERATURE -SENS I T  I VE MUTANTS 

Pattnaik, A.K., Brown, D.J., Nayak, O.P. 
Jonsson Comprehensive Cancer Center & Dept. of Microbiology & Imnunology 

UCLA School of Medicine, Los Angeles, California 90024 

Using temperature-sensitive mutants (ts134 and ts61S) of A/WSN/33 strain of 
influenza virus possessing a defect in the intracellular transport of hemagglutinin 
(HA), we show that the transport of HA in these mutant virus-infected cells at the 
nonpermissive temperature (39.5"C) is blocked at the rough endoplasmic reticulum. 
demonstrate that the defect is due to a single amino acid substitution in these 
mutants. We also report that noninfectious virus particles are produced i n  the 
mutant virus-infected cells at 39.5"C. These particles are shown to contain all 
eight viral RNA segments as well as all the structural polypeptides of influenza 
virus except HA. 
mutants at 33"C, these particles are lighter in density, more fragile and 
pleiomorphic, and completely lack spikes on the envelope. In the light of these 
observations we suggest that the presence of HA is not an obligatory requirement for 
the assembly of the viral components and the budding of influenza virus particles 
from infected cells. Implications of these results and the possible role of other 
viral proteins in influenza virus morphogenesis are discussed. 

We 

Compared to the wild type virus made either at 33°C or 39.5" or ts 

G38 
Anders K a r l s s o n t  and N i c k l a s  S t r h b e r g t ,  *Walter Reed Army I n s t .  of R e s . ,  Washington, DC, 
5 K a r o l i n s k a  I n s t . ,  Stockholm, Sweden and tUniv. o f  C i t e b o r g ,  G i t e b o r g ,  Sweden. 

We have  examined t h e  g l y c o l i p i d  a f f i n i t y ,  c e l l  s u r f a c e  b i n d i n g  and c y t o t o x i c i t y - a s s o c i a t e d  
b i n d i n g  of Shiga  t o x i n  from S h i g e l l a  d y s e n t e r i a e  1 and of S h i g a - l i k e  t o x i n ( s )  from 
E s c h e r i c h i a  s. Of v a r i o u s  g l y c o l i p i d s  t e s t e d ,  g a l a b i o s y l c e r a m i d e ,  g l o b o t r i a o s y l c e r a m i d e ,  
and blood group a n t i g e n  PI  bound p u r i f i e d  Shiga  t o x i n  w i t h  h i g h  a f f i n i t y .  
g l y c o c o n j u g a t e s ,  c o n t a i n i n g  a t e r m i n a l  g a l a l + 4  a1 d i s a c c h a r i d e  l i n k e d  t o  bovine serum 
albumin (pal-gal-BSA), p r e v e n t e d  b i n d i n g  of 1251-Shiga t o x i n  t o  H e L a  and vero  c e l l  
monolayers ,  whereas g a l a l + 4 g a l - c o n t a i n i n g  o l i g o s a c c h a r i d e s  d i d  n o t .  Gal-gal-BSA a l s o  
p r o t e c t e d  HeLa c e l l s  from c y t o t o x i c  a c t i v i t y  when monolayers were i n c u b a t e d  a t  0 ° C  w i t h  
m i x t u r e s  of  t o x i n  and gal-gal-BSA f o r  1 h r ,  fo l lowed by n e u t r a l i z a t i o n  of unbound t o x i n  and 
o v e r n i g h t  i n c u b a t i o n  a t  37OC. Blocking  of b i n d i n g  and c y t o t o x i c i t y  were o b t a i n e d  a t  n e a r  
e q u i m o l a r  r a t i o s  of gal-gal-BSA w i t h  t o x i n .  I n  a d d i t i o n ,  t h e  g l y c o c o n j u g a t e  p r o t e c t e d  HeLa 
ce l l  monolayers from c y t o t o x i c i t y  of S h i g a - l i k e  t o x i n ( s )  i n  s o n i c a t e s  of E. c o l i  of c l i n i c a l  
o r i g i n ,  i.e. s t r a i n  933 (hemorrhagic  c o l i t i s ) ,  s t r a i n  H19 ( i n f a n t  d i a r r h e a ) ,  s t r a i n  S/22 /1  
( i n f a n t  d i a r r h e a ) ,  and s t r a i n  CL 40 ( h e m o l y t i c  uremic  syndrome). Gal-gal-BSA d i d  n o t  a l t e r  
i n h i b i t i o n  of c e l l - f r e e  p r o t e i n  s y n t h e s i s ,  a p r o p e r t y  of t h e  t o x i n ' s  A s u b u n i t .  These d a t a  
s u g g e s t  t h a t  t h e  t o x i n s  b ind  through a m u l t i v a l e n t  i n t e r a c t i o n  of t o x i n  B s u b u n i t s  w i t h  
g l y c o l i p i d s  i n  t h e  c e l l  membrane c o n t a i n i n g  a t e r m i n a l  g a l a l + 4 g a l  d i s a c c h a r i d e .  

GALal+4GAL-CONTAINING GLYCOLIPIDS AS MEMBRANE RECEPTORS FOR SHIGA TOXIN AND 
SHIGA-LIKE TOXIN(S), J. Edward Brown*, Alf A. L indberg5 ,  Marie West l ing5 ,  Karl- 

S y n t h e t i c  

G39 STRUCTURE & FUNCTION OF THE YEAST KILLER TOXIN PRECURSOR, H. Bussey, C. Boone, 
Z .  Hong, D. Greene, Biology Department,  M c G i l l  U n i v e r s i t y ,  T. Vernet and 

D.Y. Thomas, Bio technology Research  I n s t i t u t e ,  N a t i o n a l  Research Council  of Canada, 
Montrea l ,  Quebec, Canada. H3A 1B1. 

The K 1  k i l l e r  t o x i n  of t h e  y e a s t ,  Saccharomyces c e r e v i s i a e ,  a c t s ,  f o l l o w i n g  cell  w a l l  
r e c e p t o r  b i n d i n g ,  to  c a u s e  ion-channel  f o r m a t i o n  in t h e  plasma-membrane, and subsequent  
d i s r u p t i o n  of t h e  e l e c t r o c h e m i c a l  p o t e n t i a l  of s e n s i t i v e  cells. We have r e c e n t l y  c loned  
and e x p r e s s e d  i n  y e a s t ,  a cDNA copy of t h e  p r e p r o t o x i n  gene ,  normal ly  coded on a 
double-s t randed  RNA genome. Using s i t e - s p e c i f i c  m u t a g e n e s i s ,  we have begun an a n a l y s i s  of 
t h e  f u n c t i o n a l  domains of t h e  p r e c u r s o r ,  which c o n t a i n s  a t o x i n  immunity a c t i v i t y  a s  w e l l  
a s  t h e  tox in .  rhe p r e p r o t o x i n  of s i z e  42K, c o n s i s t s  of a l e a d e r  p e p t i d e ,  fo l lowed by t h e  
a l p h a  and b e t a  t o x i n  s u b u n i t s ,  s e p a r a t e d  by a c e n t r a l  2 1 K  gamma g l y c o p r o t e i n .  We have 
i d e n t i f i e d  a hydrophobic ,  membrane-spanning domain i n  a l p h a  t h a t  i s  involved  i n  b o t h  t o x i n  
and immunity a c t i v i t y .  T h i s  f i n d i n g  s u g g e s t s  t h a t  immunity i s  a p r o p e r t y  of t h e  t o x i n  
p r e c u r s o r ,  whicn a c t s  as a c o m p e t i t i v e  i n h i b i t o r  of mature  s e c r e t e d  t o x i n  i n  k i l l e r  c e l l s ,  
perhaps  by occupying a membrane r e c e p t o r  normal ly  r e c o g n i s e d  by t h e  a l p h a  r e g i o n  of t h e  
t o x i n ,  and n e c e s s a r y  f o r  t o x i n  a c t i o n .  

62 



Membrane-Mediated Cytotoxicity 

G40 M a L m  cXm?3iC AND DLPRESSICN OF RECCMBINARI RICIN B CHAIN, Ming-Shi Chang, 
David W. Russell, Jonathan W. Uhr, and E l l e n  S. Vitetta, University of Texas 
Health Science Center at Dallas, Dallas, Texas 75235 

hcin A chain-containing imrmnotoxins (A-IT) can specifically kill subsets of n o m l  or 
neoplastic cells. The qtotoxicity of A-IT can be increased by addition of immotoxin 
containing both the ricin B chain (B-IT) aid antibody specific to the A-IT. Presmably, 
the B chain facilitates the translocation of the A chain (from internalized A-IT) 
into t k  cytoplasm. Previous studies have sham that the binding of B chain to antibody 
reduces its galactose-binding function so that ptentiation induced by B-IT is specific 
for the determinant to which the antibody is directed. Haever, such B-ITS can still 
bind to the galactose-containing glycoprotein, aslalofetuin, dmnstratinq that the R 
chain retdins s c m  lectin activity. It m u d ,  therefore, be desirable to eliminate the 
qalactose-binding sites from the ricin B chain. This objective is being approached by 
cloning the ricin B chain in order to attempt deletion of the galactose-binding sites by 
site-specific mutaqenesis. We have cloned a ricin cDNA in an Okayanxi-Berg vector and 
have separated the ricin B chain ccding sequences fran those of the A chain. The B chain 
sequences have been subcloned into an expression vector containing the SV-40 early region 
prmtor and a late plyadenylation site. SV-40 transformd mnkey kidney cells (COS) 
have been transfected with this plasmid DNA. m e  expressed ricin B chain is being 
detect& by bicchpmical ard functiciial D S B J ~ S .  

G41 SPECIFIC CLEAVAGE OF DIPHTHERIA TOXIN BY A PLASMINOGEN ACTIVATOR, Witold Cieplak 
and Leon Eidels, University of Texas Health Science Center, Dallas, TX 75235 

Diphtheria toxin (DT) is a single chain, Mr 60,000 protein synthesized by certain lysogen- 
ized strains of Corynebacterium diphtheriae. DT intoxicates eukaryotic cells through bind- 
ing to specific cell surface receptors, followed by internalization and enzymatic inactiva- 
tion of elongation factor 2, thereby inhibiting protein synthesis. The binding and enzyma- 
tic (AOP-ribosyl transferase) activities have been localized to distinct fragments derived 
through limited trypsinolysis, termed B (Mr 39,000) and A (Mr 21,000), respectively. This 
latter finding has led to the proposal that limited proteolysis ("nicking") of the toxin 
molecule is requisite to the intoxication process and that a trypsin-like protease is in- 
volved in this process. To date, no cellular proteases which would fulfill this function 
have been identified. 
activator, urokinase (UK; E.C. 3.4.21.32) is capable of cleaving DT to yield exclusively 
two fragments which co-migrate in SDS-PAGE with "native" A and B fragments found in crude 
preparations of toxin. The cleavage pattern produced by UK, however, appears to be similar 
to, but not identical to, that produced by trypsin treatment in that other degradation 
fragments are not found. These observations, coupled with the documented widespread distri- 
bution of UK-like enzymes in tissues, suggest a possible role for the enzyme in OT-mediated 
intoxication in vitro and in vivo as well as providing an alternative and perhaps more 
specific method for the preparation of active A and B fragments. 

We have, however, recently found that the human urinary plasminogen 

G42 

Experimental Pathology, University of Florida, Gainesville, FL 32610. 
The molecular mechanism of complement (C)-mediated killing of Gram-negative bacteria has yet 
to be resolved but it is generally accepted that assembly of the membrane attack complex 
(MAC) on the outer bacterial membrane is a required step and that the inner membrane (IM) is 
the ultimate target. We have now investigated the effect of the MAC proteins on the mem- 
brane potential (E,) across the inner bacterial membrane. Since E,,, is generated across the 
IN in Gram-negative bacteria, IM vesicles were prepared and membrane potentials were gener- 
ated. C9 added in the absence of earlier acting complement proteins had no effect on E, of 
isolated, actively respiring vesicles. In contrast, its C-terminal thrombin fragment (C9b) 
efficiently collapsed E, in such vesicles. Neither C9 nor C9b alone affected viability of 
whole cells. However, when C9 gained access to the periplasmic space of transiently perme- 
able and osmotically shocked cells a decrease in cell viability was observed. Omission of C9 
during plasmolysis or addition of C9 after plasmolysis did not lead to cell death. We esti- 
mate that as few as 8 C9 molecules in the periplasmic space constitute a lethal unit. Since 
C9 did not dissipate E,,, of isolated IM vesicles, we propose that C9 must be processed during 
entry into the cell envelope to express lethal activity. These results indicate that in vivo 
C5b-8 serves as a receptor and mediator for C9 entry into the periplasmic space. Thus, 
bacterial resistance to C killing may arise from inhibition of C9 binding, or C9 entry, or 
C9 processing. For example, we found that formation of protease-resistant poly-C9 enhances 
bacterial survival. (Supported by NSF Grant PCM-82 42116 and NIH Grant ROl A1 19478). 

C9-MEDIATED BACTERIAL KILLING IN THE ABSENCE OF C5b-8, John R. Dankert and 
Alfred F. Esser, Laboratory for Structural Biology, Department of Comparative & 
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(343 LMTK-CELLS RESISTANTTOA TRANSFERRIN-DIPHTHERIA TOXIN CONJUGATE,RockfordK. Draper 
and Donald 0. O'Keefe, University of Texas at Dallas, Richardson, TX 75080 

The iron-carrying protein transferrin (Tf) delivers iron to mammalian cells by a cyclic 
process involving receptor-mediated endocytosis. We recently described a cytotoxic form 
of Tf, prepared by conjugating Tf to diphtheria toxin, that killed mouse LMTK- cells fol- 
lowing endocytosis of the conjugate (Tf-DT) via Tf receptors [O'Keefe and Draper (1985) 
J. Biol. Chem. 2s:932]. We have used Tf-DT to isolate toxin-resistant variants of LMTK- 
cells and we are analyzing the variants to determine which have defects in the Tf cycle. 
We have characterized one such mutant, termed AF 192, in further detail. AF 192 cells 
are 5-fold resistant to Tf-DT and highly resistant to Pseudomonas aeruginosa exotoxin A 
and the plant toxin modeccin. AF 192 cells accumulate iron from diferric Tf at one-third 
the rate of normal cells and this depressed iron uptake cannot be readily explained by 
differences between normal and variant cells in the binding and internalization of diferric 
Tf. The properties of AF 192 cells might be explained by a defect in endosomal acidifi- 
cation, which would impair iron release from Tf and also result in toxin resistance; how- 
ever, we have been unable as yet to detect a defect in vacuolar acidification in extracts 
from AF 192 cells. We are presently exploring the possibility that initial endocytic 
vesicles from this variant cell line are not acidic and do not fuse with endosomes, so 
that endocytosecl material is not exposed to a low pH, even though endosomes capable of 
acidifying their interior may be present. 

G44 COMPLEMENT ACTIVITY DEPLETION LIMITS THE I N  VITRO KILLING OF CULTURED NEUROBLASTOMA 
CELLS WITH MONOCLONAL ANTIBODY AN0 COMPLEMENT, Reggie Duerst  and Chr is topher  Frantz,  
U n i v e r s i t y  o f  Rochester School o f  Medicine, Rochester, NY 14642 

An ex tens i ve  e v a l u a t i o n  was performed o f  t he  v a r i a b l e s  a f f e c t i n g  the  a b i l i t y  t o  k i l l  
c u l t u r e d  human neuroblastoma (SK-N-MC c e l l  l i n e )  c e l l s  i n  v i t r o  w i t h  the  murine IgG2a 
ant i -neuroblastoma monoclonal an t ibody  (McAb) 6-19 and Eb-bi t  complement (C ' ) .  
c e l l s  were p res ta ined  w i t h  the  f l u o r e s c e n t  dye Hoechst 33342, which i n  con junc t i on  w i t h  
t r ypan  b lue ,  enables r a p i d ,  s e n s i t i v e  d e t e c t i o n  o f  s u r v i v i n g  c e l l s .  A l though w i t h  
app rop r ia te  t rea tment  cond i t i ons  g rea te r  than 5 l o g s  o f  c e l l  k i l l  was obtained, C '  a c t i v i t y  
was found t o  be t h e  f a c t o r  l i m i t i n g  the  e x t e n t  o f  c e l l  k i l l  ob ta inab le .  
a concen t ra t i on  which gave maximal k i l l i n g  (5-10 pg /ml ) ,  c e l l  k i l l i n g  inc reased p ropor t i ona l  
t o  t h e  C '  concen t ra t i on .  P r i o r  i ncuba t ion  of C '  w i t h  McAb and SK-N-MC c e l l s  r e s u l t e d  i n  
reduced C '  a c t i v i t y  p r i m a r i l y  f rom d e p l e t i o n  o f  C '  a c t i v i t y  and t o  a much l e s s e r  degree 
from f a c t o r s  t h a t  i n h i b i t e d  f r e s h l y  added C ' .  
t he  t a r g e t  c e l l  concent ra t ion ,  r e s u l t i n g  i n  less p r o p o r t i o n a l  c e l l  k i l l  a t  h ighe r  c e l l  
concen t ra t i ons .  The C '  a c t i v i t y  a l s o  decreased as the  d u r a t i o n  o f  i ncuba t ion  w i t h  McAb 
and neuroblastoma c e l l s  increased. As a r e s u l t ,  m u l t i p l e  b r i e f  incubat ions  a re  more 
e f f e c t i v e  than a s i n g l e  i ncuba t ion  o f  t he  same t o t a l  du ra t i on .  Th is  eva lua t i on  may prove 
use fu l  t o  op t im ize  c e l l  k i l l i n g  w i t h  o the r  monoclonal an t i body - ta rge t  c e l l  systems. To 
s imu la te  tumor c e l l  pu rg ing  p r i o r  t o  autologous bone marrow t r a n s p l a n t a t i o n ,  s i m i l a r  
techniques w i l l  be used t o  examine tumor c e l l  k i l l i n g  i n  the  presence o f  bone marrow c e l l s .  

SK-N-MC 

Wi th  McAb 6-19 a t  

The r e d u c t i o n  of C '  a c t i v i t y  was r e l a t e d  t o  

G45 DIPHTHERIA TOXIN: A PROTEIN KINASE WITH AUTOPHOSPHORYLATING ACTIVITY, Leon E ide ls  
and Ky le  W. Hran i t zky ,  Department o f  M ic rob io logy ,  The U n i v e r s i t y  o f  Texas Hea l th  
Science Center a t  Da l las ,  Da l las ,  Texas 75235 

D iph the r ia  t o x i n  (M 
Upon l i m i t e d  p r o t e o r y s i s  and reduc t i on ,  i t s  A f ragment (M 21,167) ca ta l yzes  the  t r a n s f e r  
of ADP-ribose from NAD t o  e longa t ion  f a c t o r  2; i n  the  absgnce o f  e longa t ion  f a c t o r  2 t h i s  
a c t i v i t y  i s  expressed as an NAD-glycohydrolase. We r e p o r t  here a h i t h e r t o  undescr ibed 
t h i r d  enzymatic a c t i v i t y  assoc ia ted  w i t h  t h i s  b a c t e r i a l  t o x i n  - a p r o t e i n  k inase a c t i v i t y .  
I ncuba t ion  o f  d i p h t h e r i a  t o x i n  w i t h  [y3'P]ATP r e s u l t e d  i n  phosphory la t ion  o f  t he  t o x i n .  
Th is  k inase a c t i v i t y  was assoc ia ted  w i t h  t h e  fo rm o f  t o x i n  w i t h  an a v a i l a b l e  nuc leo t i de -  
b i n d i n g  s i t e  ( n u c l e o t i d e - f r e e  t o x i n )  and was absent i n  the  t o x i n  molecules w i t h  an unava i l -  
ab le  nuc leo t i de -b ind ing  s i t e  (nucleot ide-bound t o x i n ) .  I n c o r p o r a t i o n  o f  3ZP-phosphate f rom 
[y3*P]ATP was i n h i b i t e d  by adenylyl-(3',5')-uridine 3'-monophosphate (ApUp), i n o s i t o l  
hexaphosphate, IIAD, and ATP, l i gands  t h a t  b i n d  t o  the  t o x i n ' s  nuc leo t i de -b ind ing  s i t e .  
Pre t rea tment  o f  t he  nuc leo t i de - f ree  t o x i n  w i t h  a l k a l i n e  phosphatase g r e a t l y  enhanced t h e  
au tophosphory la t ing  a c t i v i t y  f rom a l e v e l  o f  %0.01 moles phosphate incorporated/mole o f  
t o x i n  t o  a va lue  o f  %0.15-0.2. The 32P-phosphate was present  as phosphoserine, as 
determined by l i m i t e d  a c i d  h y d r o l y s i s  o f  t he  phosphorylated t o x i n  and ana lys i s  by h igh  
vo l tage  paper e lec t rophores i s .  Taken together ,  these r e s u l t s  s t r o n g l y  suggest t h a t  
d i p h t h e r i a  t o x i n  i s  a b a c t e r i a l  phosphoprotein w i t h  p r o t e i n  k inase a c t i v i t y .  

58,342) i s  a proenzyme possessing ADP-r ibosyl  t rans fe rase  a c t i v i t y .  
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G46 THE ENZYHIC ACTIVITY OF CHOLERA TOXIN REQUIRES A GTP-BINDING PROTEIN OF THE 
MEMBRAXE. 
School of  Medicine,  Boston, Massachuse t t s  02111. 

D. Michael G i l l ,  J e n i f e r  Coburn, and Amichai T a m i r ,  T u f t s  Un ive r s i ty  

Cholera t o x i n  r e q u i r e s  GTP f o r  i t s  a c t i v i t y .  It used t o  b e  thought t h a t  t h e  GTP 
bound t o  t o x i n  s u b s t r a t e s ,  p r i m a r i l y  t h e  adeny la t e  c y c l a s e  r e g u l a t o r  N s .  
t h a t  t h e  r e l e v a n t  GTP b inds  t o  a d i s t i n c t  membrane p r o t e i n  t h a t  w e  have c a l l e d  "S," and 
t h a t  s u c c e s s f u l  b inding  of t he  GTP r e q u i r e s  ano the r ,  s o l u b l e  p r o t e i n ,  "CF" (19,000 Mr). 
Curren t  i n d i c a t i o n s  are t h a t  CF may c a t a l y s e  a GTP f o r  GDP exchange on S ,  much as EF-Ts 
a c t s  t o  gene ra t e  EF-TurGTPI from EF-Tu[GDP]. Ac t iva t ed  S (presumably S[GTP]) s t i m u l a t e s  
t h e  ADP-ribosyl t r a n s f e r a s e  a c t i v i t y  of  c h o l e r a  t o x i n  towards major and minor p r o t e i n  
s u b s t r a t e s ,  bu t  n o t  t h e  NADase or ADP-ribosyl-arginine t r a n s f e r a s e  a c t i v i t i e s .  Act iva ted  
S can be removed from t h e  membrane and r e t a i n s  i t s  a c t i v i t y  i n  de t e rgen t  s o l u t i o n .  The 
p r o t e i n  s u b s t r a t e s  do no t  a l l  b ind  GTP. These conc lus ions  apply  equa l ly  t o  e ry th rocy te  
and b r a i n  membranes and are probably g e n e r a l l y  a p p l i c a b l e .  
t he  major s u b s t r a t e  (Ns) s e e m s  t o  be  most r e a d i l y  ADP-ribosylated when it is  f r e e  of 
guanylnucleo t ide  and t h e r e f o r e  i n a c t i v e .  

It  is now c l e a r  

In t h e  e r y t h r o c y t e  a t  least ,  

G47 
Uniformed Se rv ices  Un ive r s i ty  of t h e  Heal th  Sc iences ,  Bethesda, MD. 20814-4799 

Diph the r i a  t ox in  channels  have been s t u d i e d  by fo l lowing  t h e  release of  a f l u o r e s c e n t  dye 
encapsula ted  w i t h i n  l a r g e  u n i l a m e l l a r  v e s i c l e s  a s  a func t ion  of pH and tempera ture .  Dye 
release shows a s t r o n g  pH dependence, markedly i n c r e a s i n g  a t  pH 5 . 5 .  Below pH 5 . 5 ,  both  
t h e  e x t e n t  and r a t e  of marker r e l e a s e  i n c r e a s e  such  t h a t  t h e  ha l f - t ime  for  dye release is  
on t h e  o r d e r  of  seconds (or l e s s )  a t  pH 4.0.  
room tempera ture ,  they are s i g n i f i c a n t l y  suppressed  a t  -0 O C .  Our previous  s t u d i e s  w i t h  
a membrane-restricted photoprobe have ind ica t ed  t h a t ,  a t  room tempera ture ,  bo th  fragments 
A and B a r e  i n s e r t e d  i n t o  t h e s e  model membranes b u t  t h a t ,  a t  0 OC, t h e  i n s e r t i o n  of 
fragment A, bu t  n o t  B ,  is r e s t r i c t e d ( J .  B io l .  Chem.(1984)259:12226). The p resen t  d a t a  
i n d i c a t e  t h a t  i n s e r t i o n  of  fragment A i n t o  membranes is  c o r r e l a t a b l e  wi th  tox in  channel  
format ion  and t h a t  fragment B i n s e r t i o n  per se ( i . e . ,  a t  0 OC) does n o t  n e c e s s a r i l y  l ead  
t o  a c t i v e  channels ,  implying t h a t  a temperature-dependent p o s t - i n s e r t i o n a l  s t e p  is  
requ i r ed  for  channel format ion  by d i p h t h e r i a  t o x i n .  These r e s u l t s  do no t  n e c e s s i t a t e  
fragment A passage through t h e  fragment B channel  b u t  sugges t  t h a t ,  f o r  n a t i v e  tox in ,  t h e  
processes  of fragment A i n s e r t i o n  and channel  format ion  a r e  a t  l e a s t  coord ina ted .  

TEMPERATURE-DEPENDENT DIPHTHERIA TOXIN CHANNELS PROVIDE EVIDENCE FOR COORDINATION 
BETWEEN FRAGMENT A INSERTION INTO MEMBRANES AND CHANNEL FORMATION. Valerie W .  Hu, 

While t h e s e  tox in  channels  are a c t i v e  at 

G48 TOXIN TRANSLOCATION TO THE CYTOPLASM: MECilANISMS FOR SINGLE-HIT KINETICS. Thoo~as tl. 
Hudson and David M. Neville, Jr., Laboratory of Molecular Biology, NIMH, Bethesda, 
MD 20892 

Protein synthesis inhibition by diphtheria toxin (DT), ricin ( R ) ,  Pseudornonas exotoxin-A (PE) 
or kdeccin (M) displays first order kinetics after an initial dose-dependent lag period. The 
inhibitory effects are the result of ( 1 )  toxin binding to receptors, (2) translocation of 
toxin into the cytosol, and (3)  biochemical inactivation of the protein synthesizing machinery. 
In the case of DT, the translocation of A chain to the cytosol has been shown to be the rate 
limiting step responsible for the single-hit process (Hudson & Neville, JBC 260: 2675). Auto- 
radiographic analysis of intoxicated cell populations support this conclusion with the find- 
ing of two subpopulations; one composed of cells with normal rates of protein synthesis and 
the other composed of non-synthesizing cells. As intoxication progresses tlie nomal cells 
rapidly convert to non-synthesizing cells. Autoradiographic analysis of R, PE, and F: intoxi- 
cated cell populations reveal the same pattern suggesting that, early in intoxication (during 
the lag) each cell is accorded an equal probability of receiving to its cytoplasm an amount 
of toxin sufficient to rapidly (within minutes) block all of its protein synthesis. After 
the probability is established, the toxin translocation event can be blocked by 2-deoxy-D-glu- 
cose and azide as well as incubation in the cold. The energy required is not utilized in 
vesicle acidification as this necessary step in DT intoxication occurs during the lag. 
Neither oligmycin nor dinitrophenol has an effect on the translocation process indicating 
that a proton motive force across the vesicle membrane is not a requirement. 
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G49 RIBOSOME-INACTIVATING PROTEINS FROM THE SEEDS AND LEAVES OF SAPONARIA OFFICINALIS, 
D . A .  Lappi, P . C .  Montecucchi, 0. Lazzarini, D .  Martineau, T .  Cadeddu and M .  Sor ia ,  

Farmitalia Carlo Erba SPA, Milan, I t a l y .  

of Saponaria o f f i c i n a l i s .  Carboxymethyl ce l lu lose  chromatography of the  ex t rac ts  reveals  
several peaks, in  which over 80% of the a c t i v i t y  i s  recovered in  peaks 5 (SO-5), 6 (SO-6), 
8 (SO-8) and 9 (SO-9) (S t i rpe ,  etg., 1983, Biochem, J .  216:617-625) .  Recently one of these,  
SO-6, has been conjugated to  a monoclonal anti-Thy 1.1 antibody and the resu l t ing  immunotoxin 
shows potent anti-tumor ce l l  a c t i v i t y  i n  vivo in  nude mice bearing peritoneal AKR-A lymphoma 
c e l l s  (Thorpe, 9 g . ,  1985, JNCI 75:lq-W. 

We have chromatographed each individual peak on reverse phase chromatography ( R P C )  and 
f ind  a family of proteins  w i t h  s imilar  propert ies  with respect t o  s t ruc ture .  Six proteins  
were dis t inguished t h a t  have s imi la r  physical propert ies  according t o  the following c r i t e r i a :  
h i g h  p i ,  s imi la r  molecular weight, s imi la r  N-terminal amino acid sequence and imunocross- 
reac t  i vi ty  . 

The leaves of Saponaria a l so  contain RIP a c t i v i t y .  Usin? the an t i se ra  ra ised against  SO-6 
a s  a n  a f f i n i t y  ligand, we have purif ied the major R I P  species  from the leaves and ident i f ied  
i t  as 50-5 by co-chromatography on FPLC non-exchange. SO-5 from leaves h a s  physical pro- 
p e r t i e s  s imi la r  to  SO-5 from seeds. 

Several d i f f e r e n t  ribosome-inactivating proteins  (RIPS) a r e  contained i n  the  seed ex t rac ts  

G50 STRUCTURE AND ACTIVITY OF PARDAXIN. A NEW PRESYNAPTIC TOXIN, IN ARTIFICIAL LIPID 
Carlo G. Caratsch3. and Leslie M. 

Loew4 Israel, 'bsborn Lab. of Marine Sciences. NY, 
USA, 'Univ. of Zurich, Zurich, Switzerland, "Unlv. of Connecticut, Farmington, USA. 

Using chromatofocusing, a new presynaptic toxin, designated Pardaxin, was purified from the 
gland secretion of the flatfish Pardachirus marmoratus. This toxin increases the frequency 
of the spontaneous release of transmitter quanta up to more than 100 times on frog skeletal 
neuromuscular junction. Pardaxin was characterized as a single chain, acidic protein, 
composed of 120 amino acids, free of carbohydrate, lipid,sialic acid or sterol residues. It 
is an amphiphatic, hydrophobic proteln containing a compact hydrophobic domain on the 
N-terminal (NH2-Gly-Phe-Phe-Ala-Leu-Ile-Pro-Gly-Ile-Glu) and which tends to aggregate in 
aqueous solutions. In planar artificial membranes, under voltage clamp conditions, Pardaxin 
increases the electrical conductence, as a result of formation of defined pores, which open 
only when the applied voltage is positive with the respect to the trans side of the mem- 
brane. In hyperpolarized unilamellar liposomes and nultilamellar liposomes with an imposed 
chemical gradient, Pardaxin produced' a fast ton nonspecific and a slow cation spectfic 
pore, respectively. '251-Pardaxin binds and is sequestered by liposomes and its insertion 
into the bilayer was revealed by hydrophobic photolabeling of liposomes displaying pore 
activity. It is suggested that Pardaxin exert its presynaptic effects due to its hydro- 
phobicity and pore formation properties. 'This work was supported by a research grant from 
the Department of Defence, Offlce of Naval Research, U.S. Navy. 

HEHBRANES. Philip Lazarovici' , Naftali Primor' 
'Weizmann Inst. of Science, Rehovot 

~ 5 1  THE ROLE OF LYSOSOMAL ENZYMES IN CELL KILLI~G BY THE LYSOSOMOTROPIC DETERGENT 
DODECYL IMIDAZOLE. P. Wilson, R. Firestone , R. VanDeroef and J. Lenard. Dept. 
Physiol., UMDNJ4.M.S.. Piscatway. NJ. *Merck, Sharp 6 Dohme, Rahway, N.J. 

carbon ":ails" of ca. 1 2  carbons, which kill cells with a sigmoida: dose dependence. 
Previous evidence (JCB 97 1841-51, 1983) supports the following mechanism for cell killing: 
(I)  LDs diffuse across cell membranes in the uncharged form; (ii) they becone protonated 
(charged) and accumulate in lysosomes and other acidic organelles; (iii) upon exceeding some 
critical concentration, they acquire detergent properties, damaging the lysosomal membrane 
and permitting hydrolytic enzymes to escape into the cytoplasm, which kills the cell. The 
role of lysosomal enzymes in cell killing by the LD dodecyl imidazole (C -1m) was tested in 
two ways. 
mannose-6-phosphate containing lysosomal enzymes. were compared with normal human fibro- 
blasts. Normal fibroblasts were about two times more sensitive than I-cell fibroblasts to 
killing by C -1m. Second, normal CHO fihroblasts were depleted of mannose-6-~hosphste 
containing l@osomal enzymes by growth i n  10 mM NH4C1, which causes secretion of lysosomal 
enzymes. Growth in this medium was normal, but after 3 4 days cellular R-hexosaminidase 
activity was 12-25% of normal. Sensitivity to C. -imidazole was signiticantly reduced in 
these cells, but returned t o  control levels aftek2rernova1 of NH C 1  and recovery of normal 
lysosomal enzyme levels. 
are integral to the mechanism of cell killing by LDs. as postulated above, and th2t 
lysosomal enzymes may act as toxic proteins in the cytoplasm. 

Lysosomotropic detergents (LDs) are amines with pK's of 5-9 possessing aliphatic hydro- 

First, I-cell disease fibroblasts, which possess about 15% of1~orm21 leveis of 

We conclude :hilt mannose-b-phosphate 2octnining lysosomal enzymes 
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G52 CLONED ?DNA CODING FOR PREPRORICIN 
J .  Michael Lord and Lynne M .  Rober t s ,  Department of B io log ica l  Sc iences ,  Univers i ty  of 
Warwick, Coventry CV4 7AL, ITK 

Natu ra l ly  occur r ing  cy to tox ic  p r o t e i n s  such  a s  r i c i n  would have improved 
pharmacological p o t e n t i a l  i f  some o f  t h e i r  normal f u n c t i o n a l  p r o p e r t i e s  could be 
e f f e c t i v e l y  a l t e r e d .  Modif ica t ion  of t he  DNA encoding t h e  t ox in  polypept ides  i s  the  most 
obvious r o u t e  t o  t h i s  end. To permit t h e s e  manipula t ions  we have deduced the  primary 
s t r u c t u r e  of a p recu r so r  p r o t e i n  t h a t  con ta ins  the  t o x i c  (A) and ce l l -b ind ing  (B) chains  
of r i c i n  from the  nuc leo t ide  sequence of c loned  cDNA. P r e p r o r i c i n  mRNA encodes a s i n g l e  
poiypept ide  con ta in ing  both  the  A and B cha in  sequences .  
(probably  1 5  amino a c i d s  i n  l eng th )  precedes  the  A cha in  sequence which i s  i t s e l f  
s epa ra t ed  from the  B cha in  sequence by a 1 2  amino a c i d  long l i n k i n g  segment. I n  v ivo  
p recu r so r  p rocess ing  occur s  p o s t - t r a n s l a t i o n a l l y  i n  the  p r o t e i n  bodies  where an a c i d  
endoprotease  e x c i s e s  the l i n k i n g  segment and may a l s o  involve  c leavage  of a 9 r e s idue  
segment from t h e  N-terminus of t he  A cha in .  P r e p r o r i c i n  cDNA c lones  have been d i s t ingu i shed  
from the l a r g e l y  homologous preproRic inus  communis a g g l u t i n i n  (RCA) c lones  by r e s t r i c t i o n  
s i t e  a n a l y s i s  and by d i r e c t  comparison of p a r t  of the  deduced F.CA B cha in  sequence wi th  
t h a t  ob ta ined  by d i r e c t  p r o t e i n  sequencing of  p u r i f i e d  RCA B cha in .  

An N-terminal s i g n a l  sequence 

(353 ISOLATION AND CHARACTERIZATION OF A CYTOLYTIC, MEMBRANE PORE-FORMING 
PROTEIPJ (PERFORIN) FROM THE PATHOGENIC AMOEBA, Naegleria fowleri. 

David Lowrey and Eckhard R. Podack, New York Medical Colleqe, Valhalla, NY 
Naegleria fowleri, the etiological agent of fatal primary amoebic meningo- 

encephalitis, is endowed with a potent cytolytic activity that may be related 
to the pathogenesis of this disease. We have purified a potent cytolytic pro- 
tein (N-perforin) from the plasma membrane of amoebae by differential centri- 
fugation followed by detergent extraction and FPLC-Superose 12 gel filtration 
chromatography. N-perforin occurs in two cytolytically active forms. In the 
absence of detergent it elutes as a monomer of M 70,000. In the presence of 
ZwittergeFt 3-12 micelles it oligomerized to a c6mplex with an apparent M of 
7-10 x 10 . Oligomerization was time and tempature dependent and requiredrde- 
tergent micelles. SDS-PAGE analysis of the two species of N-perforin revealed 
that both consist of a single polypeptide with an M of 66,000. Under non- 
reducing conditions, disulfide-linked oligomers at h 
200,000 as well as a 56,000 M 
tion of erythrocyte membranes'lysed by the purified N-perforin revealed pore 
complexes of 15-16 nm-outer diameter and 3-4 nm inner diameter. N-perforin 
appears to be homologous to perforin 1 of cytotoxic lymphocytes as well as 
the ninth complement component with regard to molecular weight, disulfide 
linkages, and polymerization into cytolytic pores. 

125,000 and greater than 
monomer were present fn both species. Examina- 

Act iva t ion  of haemolysin 2001 from E . c o l i  r e q u i r e s  a pos t - t r ans l a t iona l  mod i f i ca t ion  
promoted by HlyC 

N .  Mackman, J . - M .  Nicaud, L. Gray 8 I . B .  Holland, Un ive r s i ty  of L e i c e s t e r .  

G54 

The haemolysin encoded by t h e  wi ld  type  E.coli s t r a i n  2001 (04  s e r o t y p e )  i s o l a t e d  from 
a u r i n a r y  t r a c t  i n f e c t i o n  i s  s e c r e t e d  as a 107 Kd p r o t e i n  t o  t h e  medium. The s t r u c t u r a l  
gene for t h i s  po lypep t ide  is hlyA but  i n s e r t i o n a l  mutagenesis by TnS has  shown t h a t  a second 
gene, hlyC is a l so  requ i r ed  f o r  a c t i v i t y  of  t h e h a m o l y s i n .  
hlyC gene which encodes a 2 0  Kd cytoplasmic  p r o t e i n ,  t h e  107 Kd p r o t e i n  i s  s t i l l  s e c r e t e d  
t o  t h e  medium b u t  it is  i n a c t i v e .  
37' and more r e s i s t a n t  t o  d i g e s t i o n  by va r ious  p r o t e a s e s  inc lud ing  t r y p s i n .  In a d d i t i o n ,  
t he  i n a c t i v e  f o r 3  mig ra t e s  with a reduced mob i l i t y  i n  non-denaturing acry lamide  g e l s .  These 
r e s u l t s  i n d i c a t e  t h a t  HlyC promotes a p o s t  t r a n s l a t i o n a l  mod i f i ca t ion  of HlyA which is 
probably  e s s e n t i a l  f o r  b inding  of  t h e  107  Kd p r o t e i n  t- t h e  r e d  c e l l  s u r f a c e  and/or  f o r  i t s  
subsequent i n s e r t i o n  i n t o  t h e  su r face  t o  form a s p e c i f i c  pore  l e a d i n g  t o  l y s i s  of t h e  
e ry th rocy te s .  

I n  t h e  complete absence of t he  
~ 

The i n a c t i v e  p r o t e i n  is more s t a b l e  t o  deg rada t ion  a t  
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(355 
Centers f o r  Disease Control, Fort  Col l ins ,  CO 80526 

We have previously ident i f ied  a t  l e a s t  e ight  epi topes on the E2 glycoprotein of Venezuelan 
equine encephalomyelitis ( V E E )  virus u s i n g  monoclonal ant ibodies  (MAbs). Some of these 
ant ibodies  ident i f ied  a c r i t i c a l  neut ra l iza t ion  (N)-s i te .  Passive t ransfer  of MAbs 
react ive with t h i s  s i t e  were e f f i c i e n t  a t  protect ing animals from a le tha l  virdl  encepha- 
l i t i s .  Antibody fragmentation s tudies  determined t h a t  an i n t a c t  Fc was required f o r  
i n  vivo protect ion,  and bivalent  antibody was required f o r  in v i t r o  virus N .  We a r e  
current ly  character iz ing virus-cel l  in te rac t ions ,  and the m e c h a s s b y  which neutral iz ing 
MAbs i n h i b i t  virus repl icat ion i n  v i t ro .  Adsorption s tudies  were performed w i t h  radio- 
ac t ive ly  label led VEE virus on VGoandhuman diploid c e l l s .  Di lut ions o f  homologous and 
closely re la ted  heterologous viruses  could compete f o r  binding w i t h  radioact ive marker 
virus f o r  adsorption i n  a typical  dose-response relat ionship.  Incubation o f  virus  w i t h  
various preparat ions of MAbs pr ior  t o  adsorption, i n  conjunction w i t h  monitoring viral  RNA 
synthesis ,  suggEsted three re la ted  mechanisms of virus N. Ten lrg of MAbs which define the 
c r i t i c a l  N-site i n h i b i t s  90% of a 5 ug (1 x lo7 pfu) dose of  virus from binding t o  
c e l l s .  MAbs which define epitopes s p a t i a l l y  proximal t o  the c r i t i c a l  N-site (with low b u t  
demonstrable N t i t e r s ) .  a re  l e s s  e f f i c i e n t  a t  blocking (50-60% i n h i b i t i o n ) ,  but equally 
e f f i c i e n t  a t  suppressing a productive infect ion.  A t h i r d  mechanism involves a MAb which 
enhances b indin j  of virus to  c e l l s ,  however the infect ion is  s igni f icant ly  inhibi ted.  

MECHANISMS OF IN VITRO NEUTRALIZATION OF ALPHAVIRUSES BY MONOCLONAL ANTIBODIES 
James I I .  Mathews and John T. Roehrig, Division of Vector-Borne Viral Diseases, 

G56 MECHANISMS OF RESIST CE AND RECOV Y OF NUCLEATED ELLS SUBJECTED TO COMPLEMENT 

College of Medicine, Cardiff, U.K. and $Department of Comparative & Experimental 
Pathology, University of Florida, Gainesville, FL 32610. 
Nucleated cells can resist and recover from complement (C) attack even after formation of 
the cytolytic membrane attack complex (MAC) on the cell surface. In human neutrophils 
(PMN) a major mechanism of resistance is the rapid elimination of MACs by exocytosis. More 
than 60% of the bound MAC proteins are removed in the form of membrane vesicles 
constituting only 2% of the cell surface. A secondary mechanism of elimination in PMN is 
endocytosis of MAC and degradation of C proteins within the cell. Cell death is enhanced 
through inhibition of vesiculation by: (i) removal of extracellular Ca2+; (ii) incubation 
with metabolic inhibitors; and (iii) prevention of poly-C9 formation. 
After sublytic C attack PMN are metabolically depleted as a result of energy expenditure 
during recovery. However, incubation of cells in nutrient buffer rapidly restores cellular 
functions as demonstrated by measurements of CAMP levels, 02 radical production, 
phagocytosis of immune complexes, and chemotaxis. These results demonstrate that in human 
PMN subjected to sublytic C attack, recovery processes rapidly and completely restore 
normal cell function. (Supported by NIH Grant RO1-A1 19478 and the MRC). 

ATTACK, B.P. Morgan*y J.R. D nker3 and A.F. Esser$, XUniversity of Wales 

G57 BIOCHEMICAL, ANTIGENIC AN0 FUNCTIONAL PROPERTIES OF THE P U R I F I E D  EPSTEIN-BARR VIRUS/ 
C3d RECEPTOR O F  HUMAN B LYMPHOCYTES. 
Mold and Neil R.  Cooper, Scripps Cl in ic  & Research Foundation, La J o l l a ,  CA.  92037. 

Glen R.  Nemerow, Martin F.E.  Siaw, Carolyn 

Previous s tudies  showed tha t  a B c e l l  spec i f ic  monoclonal antibody (MoAb), termed OKB7, re- 
cognized a 145 kDa protein which d i r e c t l y  blocked binding and infect ion of human B c e l l s  by 
Epstein-Barr virus  ( E B V )  and in  addi t ion inhibi ted C3d receptor ( C R 2 )  function. In these 
s tud ies  the 145 kDa protein was analyzed by immunoprecipitation with four anti-CR2 MoAbs 
which recognize non-overlapping epitopes. A s ing le  membrane glycoprotein of 145 kDa was ob- 
served with no discernable  heterogeneity as  assessed by protease and endoglycosidase mapping 
s tudies .  An e f f i c i e n t  pur i f ica t ion  procedure u s i n g  imunoaff in i ty  chromatography was de- 
veloped f o r  the  i so la t ion  of the 145 kDa protein from Raji B lymphoblastoid c e l l s .  The 
protein was recovered w i t h  a y ie ld  of 75% w i t h  pur i ty  i n  excess of 95% as  determined by 
densitometric scanning of s i l v e r  stained SDS-gels. An amino acid compositional analysis  of 
the purif ied protein revealed a h i g h  content of se r ine ,  glycine and cysteine residues while 
the content of the other  amino acids  was unremarkable, 
protein reacted w i t h  each of the anti-CR2 monoclonal ant ibodies ,  
incorporated in to  14C-phosphotidylchol ine liposomes i n  an external or ien ta t ion  as  demonstrat- 
ed by imunoelectron microscopy. 
were shown t o  bind t o  sheep red blood c e l l s  bearing C3d and t o  purif ied EBV and t o  E B V  i n -  
fected c e l l s .  
s tudies  demonstrate conclusively the dual functional a c t i v i t y  of the EBV/C3d receptor and 
provide the basis  f o r  fur ther  s tud ies  on the molecular biology of t h i s  membrane receptor. 

An ELISA showed tha t  the purif ied 
The purif ied protein was 

These unilamellar vesicles  containing the 145 kOa protein 

Both of these ligand binding propert ies  were blocked by the OKB7 MoAb, These 
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658 DIFFERENTIAL SEWSITIVITY OF TRYPANOSOKES TO IiDL-IfIWCED LYSIS. I,!. R. Pi fk in  

Trypanosones a r e  p a r a s i t i c  protozoa t h a t  appear i n  t h e  bloodstream of in fec t ed  mammalian 
h o s t s  i n  d i f f e r e n t  morphological forms. Serum from non-permissive h o s t s  i s  cy to tox ic  f o r  
t hese  organisms and l e a d s  t o  c e l l  l y s i s ,  s l ende r  trypanosomes being Icore s u s c e p t i b l e  t o  
l Y S i S  than stumpy forms. “he serum trypanocidal  f a c t o r  has  been i d e n t i f i e d  as high 
dens i ty  l i p o p r o t e i n  (IiDL) and causes  c e l l  l y s i s  by a c u t e ,  i r r e v e r s i b l e  daoage t o  t h e  
permeabi l i ty  p r o p e r t i e s  of t he  c e l l ’ s  plasma membrane. To a s s e s  whether trypanosome l y s i s  
by HDL i s  due t o  s p e c i f i c  nembrane p r o p e r t i e s ,  such as observed l i p i d  b i l a y e r  f l u i d i t y ,  
ESR s p i n  l a b e l  s t u d i e s  were perforned us ing  5-doxyl-s tear ic  ac id  ( C  ) .  The C ESR 
s p e c t r a l  s p l i t t i n g  d id  not  r evea l  any d i f f e r e n c e s  between s l ende r  e;d stumpy Zrypanosones 
or betweeen s t r a i n s  of trypansomes d i f f e r i n g  i n  t h e i r  s e n s i t i v i t y  t o  l y s i s .  The 
trypanosor.ie iila jar  su r face  Elycoprotein is anchored i n  t h e  membrane v i a  cova len t ly  l inked 
iriyrist ic ac id  con ta in ing  phospha t idy l inos i to l .  This  n e m b r a e  p ro te in  rrieht induce or 
a l t e r  l a t e r z l  l i p i d  domain s t r u c t u r e  and so induce b i i a y e r  l a t e r a l  inhosogenei ty;  
d i f f e r e n t  p r o t e i n s  s i g h t  vary i n  t h e  s t r e n g t h  of t h e i r  i n t e r a c t l o n s  wi th  the  b i l aye r  and 
hence c r c a t e  sharper  i n t e rphases  which would l e a d  t o  g r e a t e r  i n s t a b i l i t i e s  and thus  
enhance s u s c e p t i b i l i t y  of t he  trypanosooe t o  l y s i s .  These cons ide ra t ions  l e a d  t o  a 
pos tu l a t ed  s t r u c t u r z l  r..odel of Glycoprotein-induced l s t c r e l  inhono&eneity which l e a d s  t o  
t h e  p red ic t ion  t h a t  a c i d i c  l i p i d  d i s t r i b u t i o n  i n  t h e  plasma membrane of s l ende r  and stuzipy 
trypanosornes n a j  de t e r&ine  s e n s i t i v i t y  t o  EDL-induced l y s i s .  (Supported by i!Il! & r a t  AI- 
20324 and KSF g r a n t  PC1;8409213) 

and F.R. Landsberger,  The Rockefel ler  Un ive r s i ty ,  New York, EJY 10021. 

G59 CLONED CDNA CODING FOR PREPRORICIN 
J. Michael Lord and Lynne M. Roberts ,  Department of B io log lca l  Sciences,  Un ive r s i ty  of 
Warwrck, Coventry Cv4 7AL. UK 

Natu ra l ly  occur r ing  cy to tox ic  p r o t e i n s  such a s  r i c i n  would have improved 
pharmacological p o t e n t i a l  if some of t h e i r  normal func t iona l  p r o p e r t i e s  could be 
e f f e c t i v e l y  a l t e r e d .  Modif icat ions of t h e  DNA encoding t h e  tox in  polypept ides  i s  t h e  most 
obvious rou te  t o  t h i s  end. 
s t r u c t u r e  of a p recu r so r  p r o t e i n  t h a t  con ta ins  t h e  t o x i c  (A)  and ce l l -b ind ing  (B) cha ins  
of r i c i n  from t h e  nuc leo t ide  sequence of cloned cDNA. P rep ro r i c in  mRNA encodes a s i n g l e  
polypept ide con ta in ing  both t h e  A and B chain sequences.  
(probably 15 amino a c i d s  i n  l eng th )  precedes t h e  A chain sequence which is i t s e l f  
s epa ra t ed  from t h e  B chain sequence by a 1 2  amino a c i d  long l i n k i n g  segment. In vivo 
p recu r so r  p rocess ing  occurs  p o s t - t r a n s l a t i o n a l l y  i n  t h e  p r o t e i n  bodies  where an a c i d  
endoprotease exc i se s  t h e  l i n k i n g  segment and may a l s o  invo lve  cleavage o f  a 9 r e s idue  
segment from t h e  N-terminUS of t h e  A cha in .  
from t h e  l a r q e i y  homologous preproRicinus communis a q g l u t i n i n  (RCA) c lones  by r e s t r i c t i o n  
s i t e  a n a l y s i s  and by d i r e c t  comparison of p a r t  o f  t h e  deduced RCA B chain sequence with 
t h a t  obtained by d i r e c t  p r o t e i n  sequencinq of p u r i f i e d  RCA B chain.  

T o  permit  t h e s e  manipulat ions w e  have deduced t h e  primary 

An N-terminal s i g n a l  sequence 

_ _ _  

Prepro r i c in  cDNA c lones  have been d i s t ingu i shed  

G60 SENSITIVITY AND RESISTANCE TO DIPTHERIA TOXIN, R I C I N  AND M O D E C C I N  I N  CHINESE 
HAMSTER OVARY CELL MUTANTS DEFECTIVE I N  INTRACELLULAR PROCESSING OF METHOTREXATE 

POLY(LYSINE), Hugues J.P. Ryser, Richard Mandel, and Asteghik Hacobian, Boston Un ive r s i ty  
School of Medicine, Boston, MA, 02118. 

Mutants of Chinese hamster ovsry c e l l s  d e f e c t i v e  i n  endocytosis  were s e l e c t e d  on t h e  b a s i s  
of t h e i r  r e s i s t a n c e  t o  a p o l y ( 1 y s i n e )  c o n j u g a t e  o f  m e t h o t r e x  t e  (MTX-polyALys) and of  
t h e i r  no rma l  s e n s i t i v i t y  t o  t h e  f r e e  drug.  Two o f  them, MPL’(3-4) and MPL (2-5) ,  were  
found t o  be c r o s s  r e s i s t a n t  t o  d i p t h e r i a  t ox in  (DTX) and modeccin. and$yper sens i t i ve  t o  
r i c i n .  When t h i s  h y p e r s e n s i t i v i t y  was used t o  s e l e c t  r e v e r t a  p t s  yf MPL (3-4), one of t h e  
r e v e r t a n t s  (Rs5-1) was s t i l l  s e n s i t i v e  t o  DTX, wh i l e  another  (R 4-3 e n s i t i v e  
t o  5ic:n agd-DTX. but  s t i l l  r e s i s t a n t  t o  MTX-poly(Lys) and modeccin. I n  both MPLIfi3-4) and 
MPL (3 4)R (4 3),  t h e  r e s i s t a n c e  t o  MTX-pgly(ly~) was assoc ia t ed  t o  a 50% reduc t ion  of t h e  
mutants‘ a b i l i t y  t o  degrade i n t e r n a l i z e d  H-MTX-poly(lyd. Hybridizat ion of e i t h e r  mutants 
w i t h  w i l d  t y p e  c e l l s  c o r r e c t e d  t h e  r e s i s t a n c e  t o  b o t h  MTX-po ly f ly~)  and DTX. These d a t a  
suggest  t h a t  t h e  g e n e q c  de fec t  i n  i n t r a c e l l u l a r  processing of MTX-poly(lys) t h a t  l ed  t o  
t h e  s e l e c t i o n  o f  MPL (3-4) i s  c a u s a l l y  r e l a t e d  t o  t h e  mutan t - s  c r o s s  r e s ’ s t a n c e  t o  
modeccin, but only co inc iden ta l ly  r e l a t e d  t o  i ts  c ross  r e s i s t a n c e  t o  DTX. MPL‘(3-4) t hus  
a p p e a r s  t o  be a mutan t  c a r r y i n g  b o t h  an endosomal  and a post-endosomal  d e f e c t ,  b o t h  o f  
which a r e  co r rec t ed  through complementation, but  only one of which w a s  r eve r t ed  when r i c i n  
was used a8 s s e l e c t i v e  agent. Since s e l e c t i o n  i n  presence of r i c i n  can y i e l d  r e v e r t a n t s  
t h a t  e i t h e r  keep or l o s e  t h e i r  DTX r e s i s t a n c e ,  i t  appears  t h a t  r i c i n  h y p e r s e n s i t i v i t y  and 
DTX r e s i s t a n c e  a r e  caused by sepa ra t e  de fec t s .  

was normally 

(Supported by NCI-Grant CA-14551) 
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G61 ENTRY OF PROTEIN TOXINS INTO CELLS, Kirsten Sandvig and Sjur Olsnes, 
Norsk Hydro's Institute for Cancer Research, Montebello, O s l o ,  
Norway - 

A number of protein toxins like abrin, ricin, diphtheria toxin, modeccin 
and shigella toxin exert their effect on cells after entry into the 
cytosol. In spite of their structural simularity, their entry mechanisms 
differ. Diphtheria toxin seems to enter the cytosol from early acidic 
vesicles, and a rapid entry of cell surface bound toxin can be induced 
by decreasiiig the pH in the medium. The requirements for this direct 
entry has been studied. In addition to low pH, entry into the cytosoi 
requires permable anions and a pH gradient across the membrane. It is 
possible to divide the entry of diphtheria toxin into two steps, 
insertion of toxin into the membrane without transport into the cytosoi, 
and a subsequent transport of fragment A into the cell. Insertion of 
diphtheria toxin into the membrane inhlbits anion transport, and it is 
possible that the anion exchanger in Vero cells functions as the 
receptor for diphtheria toxin. A l s o  modeccin and possibly also shigella 
toxin seem to require low pH for entry. 

662 
Iluman skin fibroblasts from apparently normal patients and patients with Myotonic Muscular 
Dystrophy (NIlD) were obtained from the N.I.G.M.S. human Ccnetic Mutant Cell Repository, 
(GM3377A and GM3132) and were employed in the investigation of receptor-mediated endocytosis 
of a-Mannosidase and EGF. Previous studies of mannose-6-phosphate (M6P) specific endocytosis 
of a-Mannosidase indicated that it's uptake was decreased in MMD fibroblasts but that the 
acidification of intracellular vesicles was apparently normal in MMD fibroblasts (JCB, 2, 
372a, Oct 1 9 8 4 ) .  a-Mannosidase uptake was characterized by a decrease in the maximal rate of 
uptake from 5 fM/min (normal) to 0.67 fM/min (MND) both with a Km of 1.5nM. By scatchard 
analysis both cell types displayed 11,000 cell surface M6P receptors with an apparent 
affinity of 1.4 nM. This implied that the endocytic alteration in M D  fibroblasts occurs 
either subsequent to binding but prior t o  the intracellular separation of ligand from 
receptor, or subsequent to intracellular separation but prior to the return of unoccupied 
receptor to the cell surface. Impaired EGF uptake was observed in MMD fibroblasts, uptake 
was characterized by a decrease in the maximal rate of uptake from 3.33 fM/min (normal) to 
1.4 flllrnin ( M M D ) .  The Km of uptake was similar in both cell types, 11.8 nM (normal) and 7.8 
n?l (SlD). The initial rate of u?take at saturation was decreased in MMD fibroblasts. 
Comparing the characterization of EGF and a-Nannosidase uptake in normal and MMD fibroblasts, 
it is evident that the alterations between these cell types are similar for both endocytic 
systems. Imparied uptake of EGF could result from an alteration in the number of cell 
surface receptors and/or a defect early in the endocytic pathway. 

MYOTONIC MUSCULAR DYSTROPHY: ABERRANT ENDOCYTOSIS OF EGF AND a-MANNOSIDASE, Patricia 
Schimke and Paul Schlesinger, Washington University, St. Louis, MO 63110. 

(363 MODIFIED LIPOPROTEINS AS CARRIERS OF LIPOPHILIC PROORUGS FOR ME?BF@NE-OIRECTEO 
INTERACTIONS. J. Michael Shaw*, Kala V. Shaw, Larry H. Matherly, Roopa Ealchwal, 

Charles K. Barlow, Lawrence B. Schook & Andre Rosowski, Virginia Cornonwealth Univ., Lkpts. 
of Biochemistry. Immmology & Medicine, Richmond, Va. 23298 and Edna Farkr Cancer Inst., 
Boston, Mass. 02115 *Present Address, Alcon Labs., Drug Celivery , Fort Worth, Texas 76134. 

Several classes of lipophilic drugs have been partitioned noncovalengly into hydrophobic 
domains of low density lipoprotein (LDL), acetylated-LDL or antibody H2K covalently 
modified-LOL. The drugs included hexadecylmethotrexate (HMTX) hexadecylarabinofuranosyl-CMP, 
muramyltripeptide phosphatidylethanolamine (MTP-PE) and the lipophilic anthracycline, AL-32. 
Following chromatography and filtration, between 40 and 150 molecules of drug/particle were 
associated with the lipoprotein complex. 
good stability with the exception of HMTX which was hydrolyzed to methotrexate with a t 1/2 
of 51dh at 4'. 
cytotoxic toward L-1210 leukemia cells. Acetylated-LDL interacts with cell types possessing 
a different receptor from the apoprotein B-E receptor. Acetylated-LDL complexed with the 
imunomodulator, MTP-PE interacts specifically with muse peritoneal macrophayes. The 
normal apoprotein B-LDL reAeptor binding affinity also could be altered by the covalent 
attachment of antibody H K 
complex s h o d  binding tz L929 H K 
negative HELA and W H O  cells. 
classes of lipophilic drugs and when suitably modified, lipoproteins interact with varied 
receptors and membrane regions on different cells types. 

The drug molecules when complexed to LDL s h o d  

The LDL-HMTX was inhibitory toward purified dihydrofolate reductase and was 

to oli osaccharide regions of apoprotein B. 

18 sumnary, lipoproteins can serve as carriers of several 
Anti-H Kk-LOL AD-32 a positive cells with negligible interaction go receptor 
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4MINO A C I D  RESIDUES OF R I C I N  I N V O L V E D  IN GALACTOSE-BINDING, Edward J. Wawrzynczak. 
.Anna F a l a s c a ,  William A .  J e f f e r y  and P h i l i p  E.  Thorpe,  Imper ia l  Cancer Research 

G64 
Fund L a b o r a t o r i e s ,  London, U . K .  

The ga lac tose -b ind ing  capac i ty  of  r i c i n  which media tes  the  b inding  of  the  tox in  t o  c e l l s  
i s  rediiced by a c e t y l a t i o n  of t y r o s i n e  r e s i d u e s .  In  common w i t h  n a t i v e  r i c i n ,  t he  ga l ac tose -  
b inding  a b i l i t y  of  i s o l a t e d  r i c i n  B-chain (measured by a f f i n i t y  f o r  Sepharose 4B, a 
ga lac tose-based  adso rben t )  was r e v e r s i b l y  i n a c t i v a t e d  by a c e t y l a t i o n  o f  t y r o s i n e  r e s i d u e s .  
There was a p rogres s ive  loss  of  ga l ac tose -b ind ing  a b i l i t y  with inc reas ing  a c e t y l a t i o n  t h a t  
co r ' r e l a t cd  u i t h  the  mod i f i ca t ion  of  two t y r o s i n e  r e s i d u e s .  Lactose p ro tec t ed  the  B-chain 
a g a i n s t  n c e t y l a t i o n  of  t hese  b inding  s i t e  r e s i d u e s .  

i n  o rde r  t o  i d e n t i f y  the  r eg ions  of  the  tox in  molecule involved  w i t h  ga l ac tose -b ind ing ,  
the  B-chain was r e a c t e d  with r a d i o l a b e l l e d  N-acetylimidazole i n  t he  presence and absence 
o f  l a c t o s e .  The modified p r o t e i n s  were sub jec t ed  t o  l i m i t e d  p r o t e o l y s i s  and r a d i o l a b e l l e d  
fragments i d e n t i f i e d  a f t e r  s e p a r a t i o n  by high performance l i q u i d  chromatography. 

(35  THE ROLE OF LYSOSOMAL ENZYMES I N  CELL K I L L I g G  BY THE LYSOSOMOTROPIC DETERGENT 
DODECYL IMIDAZOLE. P. Wilson, R. F i r e s tone  , R.  VanDeroef and J. Lenard. Depc. 
Phys io l . ,  LMDNJ-R.M.S., P isca tway,  N J .  *Merck, Sharp & Dohme, Rahway, N . J .  

carbon " ta i ls"  of ca.  12 carbons ,  which k i l l  c e l l s  w i th  a s igmoida l  dose  dependence. 
Previous  ev idence  ( J C B  97 1841-51, 1983) suppor t s  t h e  fo l lowing  mechanism f o r  c e l l  k i l l i n g :  
(i) LDs d i f f u s e  ac ross  c e l l  membranes i n  t h e  uncharged form; ( i i )  they  become pro tona ted  
(charged)  and accumulate i n  lysosomes and o t h e r  a c i d i c  o r g a n e l l e s ;  ( i i i )  upon exceeding some 
c r i t i c a l  concen t r a t ion ,  they  a c q u i r e  de t e rgen t  p r o p e r t i e s ,  damaging t h e  lysosomal membrane 
and pe rmi t t i ng  h y d r o l y t i c  enzymes t o  escape  i n t o  t h e  cytoplasm, which k i l l s  t h e  c e l l .  The 
r o l e  of lysosomal enzymes i n  c e l l  k i l l i n g  by t h e  LD dodecyl imidazole  (CI2-Im) was t e s t e d  i n  
two ways. F i r s t ,  I - c e l l  d i s e a s e  f i b r o b l a s t s ,  which posses s  about 15% of normal l e v e l s  of  
mannose-6-phosphate con ta in ing  lysosomal enzymes, w e r e  compared wi th  normal human f i b r o -  
b l a s t s .  Normal f i b r o b l a s t s  w e r e  about two times more s e n s i t i v e  than  I - c e l l  f i b r o b l a s t s  t o  
k i l l i n g  by C -1m. Second, normal CHO f i b r o b l a s t s  were dep le t ed  of mannose-6-phosphate 
con ta in ing  1;zosomal enzymes by growth i n  10 mM N H 4 C 1 ,  which causes  s e c r e t i o n  of lysosomal 
enzymes. 
a c t i v i t y  was 12-25% of normal.  S e n s i t i v i t y  t o  C - imidazole was s i g n i f i c a n t l y  reduced i n  
these  c e l l s ,  bu t  r e tu rned  t o  c o n t r o l  l e v e l s  a f t e J2 remova l  of NH C 1  and recovery  of normal 
lysosomal enzyme l e v e l s .  
a r e  i n t e g r a l  t o  t h e  mechanism of c e l l  k i l l i n g  by L D s ,  a s  pos tu l a t ed  above, and t h a t  
lysosomal enzymes may a c t  a s  t o x i c  p r o t e i n s  i n  t h e  cytoplasm. 

Lysosomotropic d e t e r g e n t s  (LDs) are amines wi th  pK's of 5-9 posses s ing  a l i p h a t i c  hydro- 

Growth i n  t h i s  medium was normal,  bu t  a f t e r  3 ?i days c e l l u l a r  B-hexosaminidase 

4 
We conclude t h a t  mannose-6-phosphate con ta in ing  lysosomal enzymes 

Colicins and Yeast Toxins 

G66 Mode of a c t i o n  of E . c o l i  haemolysis 2001 

S. Bhakdi"', N .  Mackman, J.-M. Nicaud 8 I . B .  Holland 

i ' n ive r s i ty  of Giessen ,  and Un ive r s i ty  of L e i c e s t e r  

iiaemolysin 2001 was p u r i f i e d  a s  a 107 Kd polypept ide  s e c r e t e d  t o  t h e  medium by 
L .co l i  MC4lOO ( LG570). The tox in  b inds  t o  t h e  s u r f a c e  of r e d  blood cel ls  promoting 
=flux of '?Ca2+ and t h e  r a p i d  e f f l u x  of c e l l u l a r  K+ independent ly  of c e l l  l y s i s .  
From the  s i z e  of marker molecules such as Dextran 4 i n  t h e s e  s t u d i e s  w e  conclude t h a t  
t h e  t o x i n  c r e a t e s  p o r e s i n t h e  r e d  c e l l  s u r f a c e  of about  3 mTii d i ame te r .  In  c o n t r a s t  t o  t h e  
r m x - f r r r i n g  t s x i n s  of gram-pos i t ive  organisms such as s t r e p t o l y s i n - 0  t h e  a c t i v e  haemolysin 
appears  t o  be a Tonomer. The a d d i t i o n  of t r y p s i n  t o  t o x i n  t r e a t e d  cel ls  f a i l e d  t o  a f f e c t  
t he  s p e c i f i c  p e r n e a b i l i t y  changes induced by haemolysis and r e s u l t e d  i n  t h e  p r o t e c t i o n  of  
two approximate ly  80 Kd po lypep t ides .  We conclude t h e r e f o r e  t h a t  t h e  a c t i v e  molecule i s  
i n s e r t e d  i n t o  t h e  r ed  c e l l  su r f ace  forming a trans-membrane s t r u c t u r e .  
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lmmuno toxins 

(367 
and P h i l i p  E .  Thorpe ,  I m p e r i a l  Cancer Research  Fund L a b o r a t o r i e s ,  London, U . K .  

The e f f e c t i v e n e s s  of a n t i b o d y - r i c i n  A-chain c o n j u g a t e s  i n  v i v o  might be l i m i t e d  by 
t h e i r  r a p i d  c l e a r a n c e  by h e p a t i c  r e t i c u l o e n d o t h e l i a l  c e l l s  which have r e c e p t o r s  t h a t  t i n d  
t h e  mannose- te rmina t ing  o l i g o s a c c h a r i d e s  p r e s e n t  on t h e  A-chain.  Chemical d e g l y c o s y l a -  
t i o n  of r i c i n  A-chain reduced  i t s  uptake  by h e p a t i c  Kupffer  c e l l s  i n  v i t r o  by 95% and 
i n  t h e  l i v e r  of mice i n  v i v o  by 60-70%. R i c i n  A-chain and d e g l y c o s y l a t e d  r i c i n  A-chain 
c o n j u g a t e s  were p r e p a r e d  u s i n g  t h e  monoclonal a n t i - T h y l . l  a n t i b o d y  and 2 - i m i n o t h i o l a n e  
c o u p l i n g  a g e n t .  The r i c i n  A-chain immunotoxin was r a p i d l y  removed from t h e  b loods t ream 
of mice ,  o n l y  10% of t h e  i n j e c t e d  immunotoxin remained i n  t h e  b loods t ream 3 hours  a f t e r  
i n t r a v e n o u s  a d m i n i s t r a t i o n .  The major s i t e  o f  c l e a r a n c e  was t h e  l i v e r ,  approximate ly  
30% of  t h e  i n j e c t e d  dose  l o c a l i s i n g  i n  t h i s  t i s s u e  w i t h i n  10  minutes .  The d e g l y c o s y l a t e d  
r i c i n  A-chain c o n j u g a t e  was c l e a r e d  l e s s  r a p i d l y ,  10% of  t h e  i n j e c t e d  dose  s t i l l  remain ing  
i n  t h e  b loods t ream a f t e r  16 h o u r s  and l i v e r  up take  was g r e a t l y  d i m i n i s h e d .  C l e a r a n c e  
o f  t h e  d e g l y c o s y l a t e d  r i c i n  A-chain c o n j u g a t e  was a lmost  i d e n t i c a l  t o  t h a t  o f  immunotoxins 
made w i t h  a b r i n  A-chain which does  n o t  have c a r b o h y d r a t e  s i d e  c h a i n s .  These r e s u l t s  
s u g g e s t  t h a t  d e g l y c o s y l a t i o n  o f  r i c i n  A-chains e l i m i n a t e s  c l e a r a n c e  media ted  v i a  i t s  
c a r b o h y d r a t e  s i d e  c h a i n s .  

BLOOD CLEARANCE A N D  TISSUE LOCALISATION OF R I C I N  A - C H A I N  A N D  DECLYCOSYLATED- 
R I C I N  A - C H A I N  IMMUNOTOXINS, David C .  Blakey ,  Graham J .  h a t s o n ,  P h i l l i p  Knowles 

G68 

vitro and in vivo systems. Magdalena Blaszczyk, Jan Thurin I Yasuhiko Kimoto, 
Michael Lubeck, *Ole Hindsgaul, Zenon Steplewski and Hilary Koprowski. The Wistar 
Institute, Philadelphia, PA 191 04, *Department of Chemistry, University of Alberta, 
Edmonton, Alberta, Canada. 

A mouse monoclonal antlbody, BR 55-2, was speciflc for human gastrointestinal tract 
and breast adenocarcinomas The antigenic determinant was represented w i th  the Y 
carbohydrate structure on glycolipid in  the GI tumor cell lines and on glycoprotein in  
human breast adenocarcinoma cel l  lines. The efficiency of in vivo protection of tumor 
growth in nude mice is  higher in the cel ls carrying the glycolipid form of the antigen. 
This observation provide an exellent model for  studies on the antibody-mediated 
cytotoxicity mechanism of tumor cel ls and particularly the role of tumor associated 
ant 1 gens. 

A human adenocarcinoma specific monoclonal antibody, directed to Y 
carbohydrate antigen mediate cytotoxic activity for tumor cells in 

G69 BORONATED MONOCLONAL ANTIBODY CONJUGATES FOR NEUTRON CAPTURE THERAPY (NCT), D.C.Borg 
J . E l m o r e .  D.Gabell ,  R . F a i r c h i l d  and  S .Fer rone2 ,  Brookhaven Nat. Lab.,  Upton N Y  11973 

The 10B(n,a)7Li r e a c t i o n  f o r  NCT o p t i m i z e s  an t ibody(AB)-d i rec ted  r a d i o t h e r a p y :  1)  The H e  and  
L i  a r e  h i g h  LET p a r t i c l e s  t h a t  p r o v i d e  maximum t h e r a p e u t i c  gain, 2 )  t h e i r  s h o r t  r a n g e s  
( < l o p )  c a n  c a p i t a l f z e  on c e l l - s p e c i f i c  AB l o c a l i z a t i o n ,  and  3 )  u n l i k e  t h e  c a s e  w i t h  o t h e r  
modes o f  radio-immunotherapy, n e u t r o n  a c t i v a t i o n  c a n  a w a i t  d e s i r e d  ta rge t :background r a t i o s  
( h o u r s  t o  d a y s  a f t e r  AB a d m i n i s t r a t i o n )  w i t h o u t  c u m u l a t i v e  t o x i c i t y .  We have  c o n j u g a t e d  
monoclonal A B ' s  (MAB) a g a i n s t  human melanoma w i t h  t h e  s e v e r a l  hundred 'OB atoms/MAB r e q u i r e d  
f o r  NCT. S p e c i f i c  MAB a c t i v i t y  was r e t a i n e d  by u s i n g  d e x t r a n  i n t e r m e d i a t e  c a r r i e r s .  
Compet i t ive  b i n d i n g  a s s a y s  w i t h  human c e l l  l i n e s  show s p e c i f i c  u p t a k e  of l 0 B  i n  melanoma 
c e l l s  of 8:l  O K  more o v e r  co- incubated  nonmelanoma c e l l s  and  w i t h  c o n c e n t r a t i o n s  (10-30 
ug/g) w i t h i n  t h e  r a n g e  r e q u i r e d  i n  t a r g e t  t i s s u e s  f o r  s u c c e s s f u l  NCT. The s e n s i t i v i t y  t o  
i n a c t i v a t i o n  by o u r  c h e m i c a l  m o d i f i c a t i o n s  v a r i e d  among t h e  f i v e  MAB's t e s t e d .  

S t u d i e s  o f  I 0 B  d i s t r i b u t i o n  i n  melanomas implanted  i n  a thymic  mice and  o f  enhanced 
r a d i a t i o n  k i l l i n g  of c u l t u r e d  melanoma c e l l  l i n e s  f o l l o w i n g  n e u t r o n  i r r a d i a t i o n  were 
scheduled  a s  t h e  a b s t r a c t  w a s  w r i t t e n ,  b u t  t h e  r e s u l t s  a l r e a d y  i n  hand a p p e a r e d  t o  b e  t h e  
m o s t  p r o m i s i n g  a c h i e v e d  t h u s  f a r  f o r  t a r g e t e d  NCT. Improved p r o c e d u r e s  f o r  c o n j u g a t i n g  
MAB's w i t h  l 0 B  compounds w e r e  a l s o  under  development.  
IUniv.  o f  Bremen, FRG 
Suppor ted  by USPHS g r a n t  CA-32920 and U.S. Dept .  o f  Energy  c o n t r a c t  DE-AC02-76-CH 00016. 

2New York Medica l  C o l l e g e  
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~ 7 0  STUDY OF THE PLASMA CLEARANCE OF ANTIBODY-RICIN A-CHAIN IMMUNOTOXINS EVIDENCE FOR 
SPECIFIC RECOGNITION SITES ON THE A-CHAIN THAT MEDIATE RAPID CLEARANCE OF THE 

IMMUNOTOXIN, Pierre Casellas. Bernard Bourrib, Hildur E. Blythman and Franz K. Jansen, 
Centre de recherches Clin Midy Sanofi, Rue J Blayac, 34082 Montpellier Cedex. France. 

To achieve "in viva*' therapy with immunotoxins it is necessary that these molecules remain 
in circulation at a sufficiently high level for a sufficiently long time to allow binding 
to tumor cells to occur. Therefore, examination of the pharmacology of immunotoxins may 
elucidate the reasons for the poor "in VLVO" tumoridical effect of immunotoxin described 
before. In this study the plasma clearance of antibody-ricin A-chain immunotoxins, after 
intravenous injection in animals of different species, has been examined. Sensitive and 
reproducible techniques were developed to monitor the level of immunotoxin and its 
constituents in the blood. It is shown that immunotoxins are rapidly eliminated from the 
bloodstream. Neither the propertles of the antibody moiety nor the nature of the linkage 
binding ricin A-chain to antibody account for the disappearance of immunotoxin from the 
plasma. On the other hand we found that the rapid clearance of imunotoxin is due to the 
mannose residues on the ricin A-chain moiety which are specifically recognized by liver 
cells. When immunotoxin is administrated together with yeast mannan, which enhances the 
level of active immunotoxin in circulation by inhibition of liver uptake, the anti-cancer 
efficacy of immunotoxin "in vivo" is drastically improved. This demonstrates that the 
normal pharmacology of immunotoxin acts as a strong antagonist for the full expression of 
immunotoxin IT efficacy. 

(371 COMPARISON OF IMMUNOTOXINS MADE WITH RICIN, DIPHTHERIN TOXIN, CLONED DIPHTHRIA TOXIN 
FREQUENT AND TOXIN A CHAINS. Colombatti M,I Greenfield L,2 Uckum F,3 Vallera DA,3 

and Youle R J 1 .  

The cytotoxic activity of Immunotoxins (IT) made with ricin and diphtheria toxin (DT) and 
with two monoclonal antibodies against T cell specific antigens CD5 ( d b  T101) and CD3 (mAb 
UCHT 1) was investigated. UCHT 1 linked to DT had exceptional properties: it killed normal 
human T cells and T leukemia cells (Jurkat) at 2-10 pl4, a concentration 10-100 fold lover 
than UCHT 1 ricin and 10-500 times lower than native DT. Human multipotent stem cells Were 
not killed up to 2000 pM UCHT I-DT. UCHT I-DT showed greater selectivity between T cells 
and stem cells than UCHT I-ricin and may better prevent GVHD in allogeneic BMT. UCHT I-DT 
killed 90% of Jurkat cells within 2 hr at concentrations non toxic to stem cells. UCHT' 
I-ricin required 18 hr to kill one log of target cells. UCHT I-DT was also 100 times more 
potent and 5-10 times faster than T101-DT and TlOl-ricin. UCHT 1 was linked to DT A chain 
(DTA) or to a genetically engineered DT toxin (MspSA) lacking the C-terminal portion of the 
B chain, and their cytotoxicity compared to UCHT 1-DT. UCHT 1-MspSA was 100 fold less 
potent than UCHT I-OT and UCHT 1-DTA was 100 fold less potent than UCHT I-MspSA. NHLCl 
blocked the cytotoxic effect of DT, UCHT 1-DT and UCHT 1-MspSA but not UCHT I-DTA. Cell 
surface DT receptors did not appear to be involved i n  the enhanced activity of UCHT 1-DT 
since CRH 197 blocked DT toxicity 100 fold but had no effect on UCHT I-DT. 
UCHT I-DT and UCHT 1 MspSA at pH 4.0 inactivated all three, indicating that proper toxin 
conformation was required for DTA entry. We conclude that the C-terminal region of DT B 
chain facilitates entry to the cytosol beyond initial cell surface binding. 

lNatiana1 Institutes of Health, 2Cetus Corp., %Jniversity of Minnesota. 

Treatment of DT, 

~ 7 2  AVTI-TUMOR ACTIVITY OF IMMUNOTOXINS IN NUDE MOUSE MODEL OF HUMAN OVARIAN CANCER, 
I). FitzCerald*. T. Hamiltont, R. O z o l s t ,  M.J. Bjorn', R. Ferris+, J. Winkelhake+, 

A. Frankel+, M. Willingham*, I. Pastan*; *LMR, NCI, Bethesda, MI) 20892; tMed. Br. DCT, 
NCI, Bethesda, MD 20892; +Cetus Corp. Emeryville, CA 94608 
We have reported the construction of several immunotoxins that have in vitro cytotoxic 
activity against various ovarian cancer cell lines (Pirker et al., 1984 Cancer Res. 45:751- 
757) and Pirker et a l ,  1985 J. Clin. Invest, 76:1261-1267). The most acttve of these are 
currently being tested for in vivo anti tumor activity in a nude mouse model of human ovarian 
cancer. 
of nude mice to produce a lethal ascites tumor--mice die hetween 35 and 45 days post inocula- 
tion of tumor cells. Specific inhibition of tumor growth, due to immunotoxin, is evident 
when there is increased survival of treated mice compared to untreated or control-treated 
animals. Here we report that immunotoxins made from monoclonal antibodies to the human 
transferrin receptor (TFR) prevent the growth of ovarian ascites tumors. Immunotoxin treat- 
ments were administered on days 5, 8 and 12 after inoculation of tumor cells and were given 
I P  in 0.5 ml of normal saline with 10 mgfml human albumin. The administration of 30 or  100 
Ug of anti-TFR (454A12) coupled to Ricin A chain prolonged survival of the mice routinely 
to 100 days or longer. A significant hut less pronounced increase in survival was also not- 
ed when lOvg or 311% of immunotoxin was given. Injections of antihody alone (up to 500 1115) 
or irrelevant immunotoxins did not increase survival. The administration of an immunotoxin 
made by conjtqating Pseudomonas Exotoxin to a second, independently-derived, anti-TFR mono- 
clonal antibody (HBZI) was similarly active but at lower doses than the Ricin A immunotoxin. 

Routinely, NIH: OVCAR-3 cells (60 x lo6)  are inoculated into the peritoneal cavity 
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During a 

BINDING, UPTAKE AND PROCESSING OF ABRIN IMMUNOTOXINS. Godal, A . ,  
Fodstad, 0., and A. Pihl. Institute for Cancer Research, 
The Norwegian Radiumhospital, Montebello, 0310 Oslo 3 ,  NORWAY. 

study of anti-melanoma antibodies conjuqated to abrin and ricin. 
we obtained evidence that the mechanism of action of such immunotoxins (ITS) 
may be more complex than previously recognized. Thus, when different 
melanoma cell lines were exposed to the ITS, the sensitivity of the different 
cell lines to the conjugate increased with increasing sensitivity to the 
native toxins. When binding, uptake and intracellular degradation of a 
conjugate of the anti-melanoma antibody 9 . 2 . 2 7  and abrin were studied in 
melanoma lines with different sensitivities, it was concluded that the high 
activity of the IT in abrin-sensitive cells could not be accounted for by 
unspecific binding. Evidence was obtained that, after specific binding of the 
IT to the antigen, intracellular processing of the IT occurs along two 
routes: the "antigen-route" and the "abrin-route", and that the relative 
significance of the latter is correlated to the sensitivity of the cells to 
native abrin. Moreover, in the presence of lactose, when the intoxication was 
directed to occur exclusively along the 'antigen-route", a higher rate and 
extent of intoxication occurred in abrin-sensitive cells, indicating that 
such cells have a more general high efficacy to internalize and process 
proteins, including the IT. 

674 ALTERATION OF MJRINE IMMUNE RESPONSE(S) BY PSEUDOHOW AERUGINOSA EXOTOXIN-A, Dale 
F. Gruber, and Thomas A. Dayis, Experimental Hematology Department, Armed Forces 

Radiobiology Research Institute, Bethesda, MD 20814-5145. 
Trauma upsets immunological balance(s) resulting in immuno-dysfunction(sf which place the 
h o s t  at r i s k .  Most forms o f p .  aeruginosa, a commensal enteric, elaborate exotoxin. We 
investigated the virulence enhancing property of exotoxin by examining perturbations in 
mitogen induced splenic lyfphoid transformation characteristics. Cells cultured in the 
presjence of to 5 x 10 ng exotsxin over 72 hours exhibited a reproducible sensitivity 
to H-TdR uptake. Overall, the order of sensitivity was CON-A LPS. In general, 
increasing concent rations resu 1 ted in proport ionately greater 3i2dR inhibit ion. To 
determine if there were temporal relationships between cantact time and inhibition, cells 
were incubated in the presence of exotoxin (2000 ng/ml) f r o m  1-3 hours and washed (I-3X). 
CON-A response levels decreased to 25 _I_ 7% of controls following a one hour incubation. 
This csrresponded to levels exhibited over 72 hours in the presence of 10 ng of  exotoxin. 
PHA respandent cells decreased t o  89 2 s "  of contrdls, while LPS respondent cells 
demanstrated little, if any, inhibition. H-TdR uptake kinetics were not significantly 
altered by increases in the temporal availability, n o r  by increasing the number of washings. 
Trypan blue cytotoxicity i s  evident at 48 hours, and later, only in populations of cells 
cocultured in the presence of CON-A. These data seem to imply that the CON-A mitogen 
respondent population was the most sensitive to the inhibitory effects of exotoxin and was 
dose dependent at lower levels. The inhibitory effects occurred within the first hour of 
cantact and could not be abrogated with numerous washings. 

NON-SPECIFIC REACTIVITY O F  HURINE MONOCLONAL ANTIBODIES IPlOABs) AND M O A B - D R U G  
CONJUGFITES WITH HUflAN A N &  MONKEY PI INS.  D a v i d  A .  J o h n s o n  Nagda C .  C u l w e l l ,  

B e n n e t t  C. L a ? u : z a l , P h i l i ~  M a r d e r  and C y n t h i a  L. N i c h o l s ;  I m m u n o l o g y  d e s e a r c h .  L i l l y  He- 
s e a r c h  L a b o r a  o r i e  Eli L i l 1 . d  an; C o . .  I n d i a n a p o l i s ,  I N ,  46295. 

G75 

I q d i r e c t  i m m u n o f l u o r e s c e n c e  a n a l v s i s  b y  UV m i c r o s c o p v  a n d  f l o w  c v t o m e t r v  r e v e a l e d  t h a t  
m u r i n e  M O A B - I  G r e a c t e d  w i t h  t h e  s u r f a c e  o f  p o l y m o r p h o n u c l e a r  l e u l o c y t e s  iF'MNsi i s o l a t e d  
f r o m  n o r m a ?  Shunan d o n o r s .  U n d e r  i d e n t i c a l  c o n d i t i o n s  no r e a c t i v i t y  was o b s e r v e d  w i t h  
m o n o n u c l e a r  I y a p h o i d  c e l l s .  Ten o f  t e n  MOAB-IgGs r e a c t e d  w i t h  PflNs t o  some d e g r e e  a n d  
t h e r e  a p p e a r e d  t o  b e  no c o r r e l a t i o n  i n  t h e  s t r e n g t h  o f  f l u o r e s c e n c e  w i t h  t h e  s u b - i s o t y p e  
o f  t h e  IgG.  The o n e  I g M  M O A B  t e s t e d ,  h o w e v e r .  showed much r e d u c e d  r e a c t i v i t y .  F:educed 
r e a c t i v i t y  was a l s o  o b s e r v e d  w i t h  I q G  F A P ' Z  f r a g m e n t s  c u ~ g e s t i n g  t h a t  t h e  i n t e r a c t i o n  
w i t h  FMNs may be F c - r e c e p t o r  m e d i a t e d .  A s i m i l a r  p a t t e : n  o f - r e a c t i v i t y  was o b s e r v e d  w i t h  
f r e s h l \ ,  i s o l a t e d  F h e s u s  monkev PMNs. 

I n  l i g h t  o f  e f f o r t s  i n  n u m e r o u s  l a b o r a t o r i e s  t o  d e v r l o p  m u r i n e  a n t i b o d y - d r u g  c o n ? u g a t e s  
f o r  use a s  t h e r a e e u t i c  a g e n t s .  we e v a l u a t e d  t h e  i n t e r a c t i o n  o f  s u c h  c o n j ' l g a t e s  w i t h  PRNs 
a n d  t e s t e d  t h e  e f f e c t s  o f  t h i s  i n t e r a c t i o n  on PMN f u n c t i o n .  NOUBs c o n j u g a t e d  t o  4 -  
d e s a c e t y l  v i n b l a s t i n e  h e m i - s u c c i n a t e  w e r e  f o u n d  t o  b e  r e a c t i v e  w i t h  human FMNs i n  t h e  i n -  
d i r e c t  i m m u n o f l u o r r s c e r ~ c e  s s 5 a v .  t h o u g h  t h e r e  was a s l i g h t  r e d u c t i o n  i n  f l u o r e s c e n c e  r e l a -  
t i v e  t o  t h a t  o b t a i n e d  w i t h  u n e o d i f i e d  MOFIHs. R e a c t i o n  o f  d e s a c e t v l  vinblastine conjugates 
o r  f r e e  NOFIBS d i d  n o t  a f f e c t  t h e  a b i l i t y  o f  t h e  FMNs t o  r e s  a n d  w i t h  an o x i d a t i v e  b u r s t  a s  
m e a s u r e d  i n  n i t r o - b l u e  t e t r a - o l i u m  d v e  r e d u c t i o n  a s s a v s .  TRe d a t a  s u u u e s t  t h e  i n t e r a c t i o n  
o f  MORE-dri i i l  c o n i : ~ g a t e s  w i t h  PMNs 'v ia  F c - r e c e p t o r s  may h a v e  no c l i n i c ~ l l v  s i g n i f i c a n t  e f -  
f e c t  on t h e  t ~ 1 1 5 .  T h i s  c o n ~ l u s i o n  i s  ; u c ~ p o r t e d  b l  o b s e r v a t i o n s  t h a t  i n  v i v o  a d m i n i s t r a -  
t i o n  t o  g h e s u s  m o n i e y s  o f  r e p e a t e d .  i n c r e ~ s i n g  doses  o f  M O d 6 - d e s a c e t v l  v i n b l a s t i n e  con- 
J u a a t e s  r e s u l t e d  i n  no  c l i n i c a l l v  s i g n i f i c a n t  l o n e  t e r m  e f f e c t s  00 FMM p r o f i l e s  (T.F.Bumo1 
an: G.C.Todd, F e r s o n z l  C o m m u n i c a t i o n i .  
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G76 INHIBITION OF THE IMMUNE RESPONSE TO THE ACETYLCHOLINE RECEPTOR WITH ANTIGEN- 
TOXIN CONJUGATES, K e i t h  A. K r o l i c k  and Col leen  A. Olsberg .  Univ. Texas H l t h  

S c i .  C t r . ,  San Antonio ,  Texas 7 8 2 8 4 .  

? lyas thenia  g r a v i s  is  a n  autoimmune d i s e a s e  i n  which neuromuscular  t r a n s m i s s i o n  i s  
impai red ,  p robably  due  t o  c i r c u l a t i n g  a n t i b o d i e s  d i r e c t e d  a g a i n s t  t h e  a c e t y l c h o l i n e  
r e c e p t o r  (AChR) found i n  t h e  p o s t s y n a p t i c  membrane of t h e  neuromuscular  j u n c t i o n .  I n j e c -  
t i o n  of p u r i f i e d  AChR i n t o  r a t s  produces  c h r o n i c  symptoms v e r y  similar t o  t h o s e  demon- 
s t r a t e d  by myas thenic  p a t i e n t s .  Onset of symptoms i n  ra ts  w i t h  e x p e r i m e n t a l  autoimmune 
myas thenia  g r a v i s  (EAMG) is  h i g h l y  c o r r e l a t e d  w i t h  t h e  p r e s e n c e  of serum t i ters  of a n t i -  
AChR a n t i b o d i e s .  
b o d i e s  when c h a l l e n g e d  i n  t i s s u e  c u l t u r e  i s  a l s o  a p p a r e n t .  The g o a l  of  t h i s  s t u d y  i s  t o  
d e m o n s t r a t e  i n  v i t r o  t h e  a b i l i t y  t o  s e l e c t i v e l y  e l i m i n a t e  such  AChR-reactive lymphocytes 
(and t h e i r  subsequent  immune r e s p o n s e )  by b i n d i n g  w i t h  AChR which h a s  been c o v a l e n t l y  
coupled  t o  t h e  t o x i c  A c h a i n  of r i c i n .  The r e s u l t i n g  i n h i b i t i o n  is s p e c i f i c  in view of 
t h e  l a c k  of  such  i n h i b i t i o n  of a n t i - K I 1  a n t i b o d y  r e s p o n s e s ,  Fur thermore ,  when AChR- 
immune lymph node cel ls  were t r e a t e d  w i t h  AChR-A c h a i n  and t h e n  a d o p t i v e l y  t r a n s f e r r e d  
i n t o  n a i v e  r e c i p i e n t  r a t s ,  t h e y  w e r e  u n a b l e  t o  produce  serum AChR a n t i b o d y  o r  c a u s e  
symptoms of EMS. Thus,  i t  is  p o s s i b l e ,  in  p r i n c i p l e ,  t o  e l i m i n a t e  c l o n e s  of a n t i g e n -  
r e a c t i v e  lymphocytes w i t h  a n t i g e n - r i c i n  A c h a i n  immunotoxins. T h i s  l e a v e s  open t h e  
p o s s i b i l i t y  of u s i n g  such  a g e n t s  i n  immunotherapeutic approaches  t o  autoimmune d i s e a s e .  

The g e n e r a t i o n  of memory lymphocytes which w i l l  make anti-AChR a n t i -  

G77 INHIBITION O F  PROTEIN SYNTHESIS I N  MOPC 315 MYELOMA CELLS BY MONOCLONAL ANTI- 
IDIOTYPIC ANTIBODY-RICIN A CHAIN CONJUGATES, Alexander Marks*, Melanie Lei*  a n d  
Reuben Baumal+. *Bant ing  a n d  B e s t  Department of Medical Research ,  U n i v e r s i t y  o f  

Toronto,+Department of Pa thology,  H o s p i t a l  f o r  S i c k  C h i l d r e n ,  Toronto ,  Canada, M5G 1L6 
P r e v i o u s  s t u d i e s  of monoclonal an t ibody-drug  ( t o x i n )  c o n j u g a t e s  have  u t i l i z e d  monoclonal 
a n t i b o d i e s  t o  cell s u r f a c e  a n t i g e n s  which are n o t  s e c r e t e d .  Compared t o  t h e  t a r g e t  cells  
chosen  for t h e s e  s t u d i e s ,  myeloma cel ls  d i f f e r  i n  t h a t  t h e  immunoglobulin (19) t h e y  s y n t h e -  
s i z e  i s  b o t h  anchored  i n  t h e  membrane and secreted, w i t h  t h e  s y n t h e s i s  o f  s e c r e t e d  Ig 
g r e a t l y  e x c e e d i n g  tha t  of membrane Ig. S i n c e  t h e  i d i o t y p e  of  Ig on t h e  s u r f a c e  of myeloma 
cells r e p r e s e n t s  a c l o n a l l y  e x p r e s s e d  tumor-specific marker ,  monoclonal a n t i - i d i o t y p i c  
a n t i b o d i e s  ( A I A )  to myeloma Ig may p r o v i d e  a v e h i c l e  for s p e c i f i c  d e l i v e r y  of c y t o x i c  d r u g s  
o r  t o x i n s .  I n  o r d e r  t o  a d d r e s s  t h i s  q u e s t i o n ,  w e  have  examined t h e  i n t e r a c t i o n  of MOPC 315 
mouse myeloma cel ls  w i t h  A I A  d i r e c t e d  to t h e  IgA produced  by these cells. Three  monoclonal 
A I A  t o  MOPC 315 I g A ,  G3(IgGZb),  A Z ( I g G 1 )  and D10 (a h y b r i d  molecule  c o n s i s t i n g  of yl and 
y2a heavy c h a i n s ) ,  were c h a r a c t e r i z e d  w i t h  r e s p e c t  t o  t h e i r  b i n d i n g  c o n s t a n t s  ( K a )  to 
MOPC 315 mouse myeloma cells. The K a  o f  G3 a n d  A2 w a s  108/mole; and t h a t  of D10 w a s  
3x107/mole. The A I A  d i d  n o t  b i n d  t o  a n o n - i m u n o g l o b u l i n  (19) p r o d u c i n g  s u b c l o n e  of  
MOPC 315 ce l l s  (MOPC 315.36).  Immunotoxins d e r i v e d  b y  c o n j u g a t i n g  r i c i n  A c h a i n  (RTA) t o  
G3 and  A2 b u t  n o t  t o  D10 p r e f e r e n t i a l l y  i n h i b i t e d  p r o t e i n  s y n t h e s i s  i n  MOPC 315 o v e r  
MOPC 315.36 cells .  These r e s u l t s  s u g g e s t  t h a t  t h e  e f f e c t i v e n e s s  o f  t h e s e  immunotoxins 
a s s e s s e d  o n  t h e  basis of their  t a r g e t e d  c y t o t o x i c i t y  a g a i n s t  MOPC 315 cel ls  was dependent  
on t h e  Ka b u t  n o t  on the Ig subclass o f  t h e  A I A  component o f  t h e  immunotoxin. 

G78 OPTIMIZING IMMUNOTOXIN ACTIVITY. Jon W. Karsh, Laboratory of Molecular Biology, 
NIMH, Bethesda, MD 20892 

?he toxicity of ricin-(anti-Thy-1.1) antibody conjugates was found to be highest when the 
conjugate possessed two ricin molecules per IgG. Further optimization has involved the 
introduction of a peptide-linker between the ricin and IgG molecule, resulting in a 10 
fold increase in potency. Incubation of these conjugates with mouse leukemic cells (AKR 
SL2) in the presence of lactose resulted in kinetics of protein synthesis inhibition 
approximating that of native ricin, although not on equal molar dosages. As with ricin, 
the conjugate toxicity was potentiated with alkaline pH's and NH3, and diminished by 
acid pH's. "i'nese findings, along with binding studies correlating ricin-membrane inter- 
action with conjugate efficacy, have suggested that whole-ricin conjugates utilize the 
native toxin's route of entry. 
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679 ANALYSIS OF MONOCLONAL ANTIBODY PROCESSING AFTER BINOING TO ANTIGEN 

J o s e f  B r u g g e n ,  V o l k e r  S c h i r r m a c h e r ,  a n d  Wol fgang  T i l g e n .  I n s t i t u t e  o f  Nuc- 
lear M e d i c i n e ,  German C a n c e r  R e s e a r c h  C e n t e r ,  0-6900 H e i d e l b e r g ,  i ' R G .  

'The n a t u r e  o f  a n t i g e n  r e c o g n i z e d  by m o n o c l o n a l  a n t i b o d y  (MAbl o n  t h e  c e l l  
s u r f a c e  w i l l  g r e a t l y  i n f l u e n c e  t h e  f a t e  o f  t h e  immune c o m p l e x ,  w h i c h  may bs 
e n v i s a g e d  as 1) s t a b l e  a n c h o r a g e  t o  t h e  s u r f a c e ,  2 )  i n t e r n a l i z a t i o n ,  a n d  31 
s h e d d i n g .  We c l a s s i f i e d  a ser ies  o f  a n t i - t u m o r  MAbs a c c o r d i n g  t o  t h e s e  ca- 
t e g o r i e s  b y  a n a l y s i n g  t h e  k i n e t i c s  o f  b i n d i n g  a n d  release,  t h e  r e v e r s i b i l i -  
t y  o f  b i n d i n g  b y  a c i d  b u f f e r  t r e a t m e n t  a n d  t h e  u l t r a s t r u c t u r a l  l o c a l i z a -  
t i o n  o f  bound  MAb. I n  a d d i t i o n ,  p a i r e d  l a b e l  e x p e r i m e n t s  i n  n u d e  m i c e  were 
P e r f o r m e d  t o  cor re la te  immune c o m p l e x  p r o c e s s i n g  w i t h  t h e  r a t e  o f  t i s s u e  
a c c u m u l a t i o n .  b e s i d e  t h e  f a c t  t h a t  w e  became a b l e  t o  p r e d i c t  i n  v i v o  a c c u -  
m u l a t i o n  p e r f o r m a n c e  o f  i n d i v i d u a l  MADS f r o m  i n  v i t r o  d a t a ,  w e  f o u n d  o u t  
~ n a t  i n t e r n a l i z a t i o n  w a s  f h v o d r i n g  a c c u m u a l t i o n  i n  t h e  t u m o r .  T h i s  is n o t  
t r i v i a l ,  s i n c e  i n  n,sst nor ina l  c e l l  s y s t e m * ,  ~ ~ ~ a r f i i l i z a i i o n  is q u i c k l y  f o l -  
l owed  by d e g r a d a t i o n  a n a  i a o e l  e x c r e t i o n .  T h e  e f : e c t  h a s  very g . r cnounced  i n  
t h e  ESb-M t u m o r  s y s t e m ,  l e a d i n g  t o  h i g n l y  s e l e c t i v e  a c c u i i l u l a t i o n  of l a b e l e d  
MAD i n  t u m o r  metastases d e s p i t e  t h e  p r e s e n c e  of a n t i g e n - p o s i t i v e  n o r m a l  
c e l l s  i n  s p l e e n  ancl lyLoph n o d e s .  

ON THE TUMOR CELL SURFACE. S i e g f r i e d  M a t z k u ,  Wol fgang  G .  D i p p o l d ,  

G80 ELIMINATION OF NEOPLASIIC B CELLS FRO4 HUMAN BCNE MARBUi. Richard D. by, 
JOMthan W. U h r ,  and E l l en  S .  V i t e t t a .  Department o f  Microbiology, IfpHscI), 
Dallas, Texas 75235 

I n  previous studies i n  our  l a b r a t o r y ,  we have achieved 2 logs of i n  v i t r o  k i l l i n g  of 
clonogenic Daudi cells in the presence of normal human bone marrow using r i c i n  A chain 
innunotoxins (A-IT). N o  dermnstrable  damage to  the CFU-E, BFU-E, and Crm-Q-? was found 
using A-IT conjugates  prepared wi th  intact irmrunoglobulin. Subsequently, we have 
employed s t r a t e g i e s  f o r  achieving mre effective s p e c i f i c  c y t o t o x i c i t y  which use  1) 
univalent  Fab or F(ab')  f r a g m n t s  to cons t ruc t  the A-IT, 2) a second "piggyback" B-IT t o  
p o t e n t i a t e  the k i l l i n g  of t h e  A-IT, and 3) agen t s  which raise the pH of  the endolysosome 
or alter the msnbrane (e.g., m n i m  ch lo r ide ,  chloroquine, and mnens in )  to further 
enhance k i l l i n g .  Using these mre recen t ly  developed protocols, we can k i l l  mre than 5 
logs of Daudi cells. Using limiting d i l u t i o n  techniques,  we are c u r r e n t l y  employing t h e  
above m n t i o n e d  strategies to  achieve 1) t h e  maximal log k i l l i n g  o f  D a u d i  cells i n  the 
presence of human bone m r r o w  cells and 2) the minimal damage to p rogen i to r  cells i n  t h e  
bone marrow during these trea-nts. 

681 ERADICArION OF TUMORS IN VIVO WITH WHOLE RICIN-MONOCLONAL ANTIBODY COMPLEXES. 
J .  Kanellos, G.A. Pietersz and I.F.C. McKenzie. Research Centre for Cancer and 
Transplantation, Univeristy of Melbourne, Parkville, Victoria, 3052, Australia. 

Because of the systemic toxicity of .whole ricin in vivo most in vivo experiments have 
concentrated on the useofricin-A-antibody conjugates. Such conjugates have little non- 
specific toxicity, but the toxic effect of the ricin is substantially impaired. We have 
prepared conjugates of whole ricin-monoclonal antibodies and used these, in vivo, for the 
treatment of tumors. Particular attention was paid to the conjugation protocol which 
rendered whole ricin non-toxic i n  vitro by the specific blocking of the galactose binding 
site of the B chain and in vivo these conjugates are not non-specifically toxic in mice. 
In three different models, anti-Ly-2.1 blab-whole ricin conjugates could be shown to be 
effective in vivo: (a) Intraperitoneal tumors: thymomas growing i.p. could be completely 
eradicated by ricin-Mab; (b) Subcutaneous tumors: mice with tumors -.5cm in diam received 
intravenous doses of ricin-Mab and a substantial reduction in tumor size was achieved; 
(c) Local treatment: ricin-Mah injected directly into tumors led to their disappearance in 
48 hrs; in -40% there was no recurrence. Thus whole ricin can be successfully used in vivo 
and eradicate tumors in some sites; such conjugates appear to be the most potent of all 
produced thus far. 
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G82 RECEPTOR MEDIATED ENDOCYTOSIS OF ANTI-T CELL IMMUNOTOXINS, Oliver W. Press*, Ellen 
S. Vitetta+. Andrew G. Farr*, and Paul J. Martin*, *University of Washington, 
Seattle 98104, and +University of Texas, Dallas 75235. 

We have synthesized 4 anti-T cell immunotoxins (ITS) by conjugating ricin A chain to the 
pan T cell monoclonal antibodies 9.6 (CDZ), 10.2 (CD5), 35.1 (CDZ), and 64.1 (CD3). Equiv- 
alent cell surface binding to human blood T cells was demonstrated for all 4 reagents using 
fluorescein-conjugated goat anti-mouse immunoglobulin and rabbit anti-ricin A chain anti- 
sera. However, only 10.2-A and 64.1-A were effective at ablating the response of blood T 
cells to the mitogen, phytohemagglutinin (3H-l.eucine incorporation was reduced by 99% for 
64.1-A, 96% for 10.2-A, but by 0% for 9.6-A and 35.1-A using 1@M IT and 20 mM NHhC1). 
To investigate possible explanations for such differences in IT efficacy, we analyzed the 
process of endocytosis of ITS 10.2-A, 35.1-A, and 64.1-A by electron microscopy using a 
monovalent peroxidase-conjugated Fab' goat anti-mouse immunoglobulin probe. All ITS label- 
ed T cell surface membranes in a circumferential manner at O O C .  
resulted in rapid patching and endocytosis of ITS through both coated and uncoated membrane 
invaginations. Appearance of intracellular peroxidase label occurred first in small label- 
ed vesicles (receptosomes) which fused with one another to form larger labeled vacuoles. 
Ineffective IT 35.1-A was delivered to lysosomes more rapidly than effective ITS 10.2-A 
and 64.1-A; early degradation of the anti-CD2 IT may have prevented its ricin A chain 
moiety from reaching its ribosomal site of action. These experiments show that internal- 
ization of an IT is not sufficient to cause cell inactivation, and that differences in 
intracellular routing may underlie variations in IT potency. 

Warming cells to 37OC 

imnuutaxm genented with Restrictcan. S. CWEvari, R.  Orlandi, M. hprtnti, D. Mez?mzauca, F. 
conde", M . I .  Coln&i. Istibito Nazionale k r i ,  mlano. Italy "Centro Ramxl J CaJal, bkkid, Span.  

G83 

?he m m l a d  antit& (W) MBrl, raised against h m  breast carcirrma was ccupled to Ricin4 chm. lhe 
MBi-14 chain was, on average XO times mre efficient than the mmpled cham m inhibit* protein synthesis. 
Hauever, it was unable to kill the entlre pcpulatia, of appropriate bC-7 cells and exhibited slau cytotoxicity 
kinetics on acherent target cells. Lymsumtropic substa~es and iorophores were tested as potentiating agents 
but i n  both cases the cytotoxicity and kinetics rsmined m f i e d .  'Ihe sam MoAb was conjugated with 
Restricwin extracted frur A s p e r g i l l u s  Restrictus. Tnis cyt~toxin is a pmtein synthesis mhibitor but is 
devoid of ~ W a l  receptors on the cell WnbraReS. Its 'in vitro' and 'in vivo' toxiciZy was laver than that of 
the Fllcm-A chain. 'Ihe MBrl-Restrictmin cqugate was, on average, as potent as the MBrl-A chain and K O  t m  
mre efficient than the mcaqled activated Restrictocm. A W-y p e r f o d  on a xenogeneic model indicated 
that the MBrl-Restrictmin conjugate was capable of &lng the tmor take. of the 6 anirrals in~ected with 
MCF-7 cells treated with the conjugate. two did not develop twrm-s and in m e  rmaimng A the bmor mass w a s  

srraller than that observed i n  m e  12 d s  injected with W-7 cells treated either with the MoAb alone or 
with the nabve toxin. 

Partially s p p r t e d  by a gant f m  the Italian National Research b c i l ,  Special Pmjec,t "Oniology" Contract 
n. 84.CEE9.M. 

G84 AN ANTI-L3T4-RICIN A C H A E " A I N I N G  I " U K l X I N  KILLS CLONED-HELPER T CELZS 2 
E, Nancy E. Street  and Ellen S. Vitetta,  University of Texas Health Science 
Center a t  Dallas, Dallas, Texas 75235 

Autoinmanity, immndeficiency aild neoplasia are a l l  examples of diseases related t o  
disregulation of the imrmne system. Th i s  disregulation m y  be manifested by changes in  
the normal n m k r s  of functional helper and/or suppressor T cells. For this reason, it 
would be at t ract ive to develop strategies for eliminating specific subsets of T cells 
which maintain the disease s ta te .  Recent studies involving the elimination of helper 
cells in  vivo with mno~lona l  antibodies have been pranising. The mjor focus of t h i s  
project is t o  use r i c in  A chain-containing inmmotoxins (A-IT) t o  eliminate helper T 
lyrpkcytes i n  order to rrodulate the inmane respnse.  The in v i t ro  rodel system u t i l i ze s  
an ME€-restricted KLH-specific T cell clone which expresses L3T4 and Thy-1, but mt 
Lyt-2. The helper T cells from this clone provide help to  TNP-specific B cells resulting 
in  the secretion of specific anti-" antibody i n  vitro.  GK1.5 is a r a t  mncclonal 
antibody reactive with a detelminant on muse helper T cells designated L3T4, which is 
the muse  hcarolcgue for h u m  Le3/T4. An A-IT prepared with GK1.5 &$ Is the cells from 
the helper T clone i n  v i t ro  very effectively (the IC is <1.6 x 10 $). In contrast, 
the antibody alone is n o t o x i c  t o  the helper T cell?soat concentrations as high a s  5 x 
10-8M. The treated cells from the T cell clone are unable to provide help to  the 
antigen-specific B cells. Fxpriments are currently i n  progress t o  test the GK1.5-A 
inmanotoxin in  vivo using antibodies which ei ther  lack or contain an intact  Fc portion. 
The results of the i n  v i t ro  and i n  vivo experirrents w i l l  be presented. 
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(35 Anti-melanoma antlbodles. dlrected to both antlgens 602 and 603, 
indicates the SigniflCanS or degenerate specif lcity towards antigen 

in antitumor activity. Jan Thurin, Magdalena Blaszczyk, Meenhard Herlyn, Yasuhiko 
Kimoto, Michael Lubeck, * David Eider, Ole Hindsgaul, s Karl-Anders Karlsson, Zenon 
Steplewski, and Hilaty Koprowski The Wistar Institute, Philadelphia, PA 19104, * 
Department of Pathology, University of Pennsylvania, Philadelphia, PA I91 04,a 
Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada, 
Department of Medical Biochemistry, University of Goteborg, Goteborg, Sweden 

A highly specific mouse monoclonal lgG3 antibody, detecting melanoma associated 
gangliosides GD2 and GD3, and i t s  hybridoma switch variant of IgG2a isotype were both 
round to be promislng as candfdates ror immunotherapy, 5y showlng hlgh cytotoxlclty In 
antlbody-dependent cellular cytotoxlclty and complement-medlated cytotoxiclty ln an 
I l l l n  release assay, using human effector cells and complement against 6 dlrferent 
melanoma cells 

1386 I?I?IUKOPHENOTYPE/RICIS SENSITIVITY OF !.tCKE?IIC T-LINCAGE ‘IARROII’ PROGESITOR CELLS I S  
ALL AND THE THEMPECTIC POTENTIAI. OF INTACT RICIN 13MU80TOXINS ( IT)  I N  AUTOLOGOCS 
BONE MARROW TRAXSPLAXTATIOK(AB?lT) FOR T-ALL/LfilPHOBLASTi(: I.Y?lPHOHA , F a t i h  Il. Uckiin, 

Dorothea  ? Iyers ,Kazimiera  G .  P e c z a l s k a , S u s a n  Azemove,.John H .  Kersey and Danie l  A .  V a l l e r a  , 
Depar tments  of T h e r a p e u t i c  Radio logy ,Lahorntory  Y e d i c i n e / P a t h o l o g y  and t h e  Bone .Yarrow 
T r a n s p l a n t a t i o n  Program , C n i v e r s i t y  o f  ? l innesota  , Minneapol i s  , :?I 55455 
We have  s t u d i e d  t h e  immunophenotype o f  leukemic  marrow b l a s t s  in 21 T-ALL p t s  u s i n g  a pane l  
o f  MoAb which d e f i n e  human l e u k o c y t e  d i f f e r e n t i a t i o n  p t i g e n s .  X g h t e e n  o f  21  p t s  e x p r e s s e d  
t h e  T - l i n e a g e  marker CD2(T,p50) and t h e  number of CD2 b l a s t s  ranged from 22-97Z(median:8 X 
Twenty p t s  e x p r e s s e d  t h e  CD5(T,p67) d e t e r m i n a n t  and 34-95%(median:77%) o f  b l a s t s  were CD5 -F 
? i o t a b l y , a l l  p t s  e x p r e s s e d  t h e  CD7(T,p41) a n t i g e n  and 51-97%(median:91%) of b l a s t s  were CD7 . 
?larrow b l a s t s  i n  18 of 21 p t s  e x p r e s s e d  a l l  3 d e t e r m i n a n t s .  Based on t h e s e  marker p r o f i l e s ,  
we d e c i d e d  t o  g e n e r a t e  I T  a g a i n s t  CD2,CDS and CD7 f o r  p o t e n t i a l  f u t u r e  u s e  as p u r g i n g  r e a -  
g e n t s  i n  c l i n i c a l  ABXT f o r  T-ALL. The ?loAb 35.1(anti-CDZ),TIOI(3nti-CD5) and G3.7(anti-CD7) 
were c o n j u g a t e d  t o  i n t a c t  r i c i n ( R )  by t h i o e t h e r  l i n k a g e .  The s e l e c t i v e  c y t o t o x i c i t y  o f  IT 
was e v a l u a t e d  by i n h i b i t i o n  o f  p r o t e i n  s y n t h e s i s  i n  leukemic marrnw b l a s t s  o b t a i n e d  from 13 
T-ALI. p t s .  Trea tment  w i t h  35.1-R , TIDI-R and G3.7-R produced 92% , 81% and 94%(median) i n -  
l i i b i t i o n , r e s p e c t i v e l y .  The immunotherapeut ic  p o t e n t i a l  of  t h e  g e n e r a t e d  I T  was a l s o  e v a l u a -  
t e d  i n  a n o v e l  leukemic p r o g e n i t o r  c e l l  a s s a y  sys tem.  Each IT was a b l e  t o  s e l e c t i v e l y  e l i n i -  
n a t e  g r e a t e r  t h a n  2 l o g s  of c l o n o g e n i c  T-ALI. b l a s t s .  Our r e s u l t s  e s t a b l i s h  t h a t  t h e  CD2,CD5 
and CD7 s u r f a c e  a n t i g e n s  a r e  p r e s e n t  on a s i g n i f i c a n t  number of T- l ineage  p r o g e n i t o r  c e l l s  
in ALL and t h a t  t h e s e  b l a s t s  a r e  s e n s i t i v e  t o  t h e  l e t h a l  a c t i o n s  o f  r i r i n .  

2 )  

G87 CATALYTIC TOXINS FOR THE PREPARATION OF PROTOZOAN MUNOTOXINS, C.L. V i l l e m e z ,  
M.A. R u s s e l l ,  F. S t i r p e * ,  J . D .  I r v i n b ,  and J . D .  Rober tus+,  U n i v e r s i t y  of Wyoming, 

Laramie ,  W ,  * U n i v e r s i t a  D i  Bologna, Bologna, I t a l y ;  #Southwest Texas S t a t e  U n i v e r s i t y ,  
San Marcos,  TX; + U n i v e r s i t y  of Texas ,  A u s t i n ,  TX. 

I m u n o t o x i n s  a r e  of p o t e n t i a l  v a l u e  for  t h e  t r e a t m e n t  of p a r a s i t i c  d i s e a s e  for much t h e  
same r e a s o n  a s  for n e o p l a s t i c  d i s e a s e .  We have prepared  an inmunotoxin fo r  a model 
p r o t o z o a n  [BBRC 1 2 5 ,  25 (1984)l  u s i n g  d i p t h e r i a  t o x i n  A c h a i n  a s  a t o x i n  moiety.  
D i p h t h e r i a  t o x i n  A c h a i n ,  however,  is u n s a t i s f a c t o r y  e x c e p t  for d e m o n s t r a t i o n  purposes  
because  it is not s u f f i c i e n t l y  c y t o t o x i c  for t h e  p r o t o z o a n ,  and because  it cannot  be 
a p p l i e d  to  humans. A t  p r e s e n t ,  t h e  most wide ly  used t o x i n  f o r  t h e  p r e p a r a t i o n  of 
immunotoxins is r i c i n .  But ,  we found t h a t  t h e  p r o t e i n  b i o s y n t h e t i c  sys tem of t h e  
p r o t o z o a n  w e  a r e  u s i n g ,  Acanthamoeba c a s t e l l a n i i ,  is  immune t o  r i c i n  A c h a i n  [ J .  P a r a s i t .  
7 0 ,  918 (198411, as is t h a t  of a n o t h e r  p r o t o z o a n ,  Tetrahymena p y r i f o r m i s ,  r e p o r t e d  
p r e v i o u s l y  [BBRC 91,  1082 (1979)l. These r e s u l t s  s u g g e s t  t h a t  r i c i n  may not be u s e f u l  
€or p a r a s i t i c  immunotoxins. W e  r e p o r t  h e r e  t h a t  t h e  t y p e  I t o x i n s  PAP-S, PAP-L, 
d o c e c a n d r i n ,  s a p o r i n - 6 ,  and a l p h a - s a r c i n  i n h i b i t  A. c a s t e l l a n i i  p r o t e i n  b i o s y n t h e s i s  a s  
w e l l  or b e t t e r  t h a n  t h e y  do mammalian p r o t e i n  b i o s y n t h e s i s .  On t h e  o t h e r  hand, g e l o n i n ,  
momordica t o x i n ,  and t h e  t y p e  I1 t o x i n s  a b r i n ,  modeccin,  and v o l k e n s i n ,  a s  w e l l  a s  r i c i n ,  
a r e  u n s a t i s f a c t o r y  a s  p o t e n t i a l  t o x i c  a g e n t s  for t h e  p r e p a r a t i o n  of pro tozoan  
immunotoxins. These r e s u l t s  a l s o  have  i m p l i c a t i o n s  wi th  r e g a r d  t o  t h e  compara t ive  
mechanism of a c t i o n  of t h e s e  t o x i n s .  
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Cellular Interactions and Factors in Cell-Mediated Cytotoxicity; Membrane 
Lesions: Liposornal Delivery Systems, Cytotoxic Drugs and Receptors 

G88 . E l i h e  Cytolytic .\ctivit). Yediated .\gainst Herpes V i r u s  Infected 

L . K .  \ d e s * ,  J. Tang, L.1 ) .  Butler, P. blarder and D. l k l o n g ,  Medica l  College o f  
c k o r g i a ,  .\agusta, ti.I.*, a n d  L i l l y  Research Laborator)', Indianapolis, IN. 

Target Ccils  9ut Kot Y,\C-l -Cells By Murine  Thymocytes. 

S ; ~ t u u a l  hiller (SK) cells may be the primary non-primed host d e f e n s e  
i'actOr in resistance to tumorgenesis and v i r u s  Infection. lie and o t h e r s  
Iicivc ) ) r e \  i o u s l ) '  demonstrated the heterogeneity of SK c e l l s  morphologicall!~, 
Cunc t i on;i l ly a n d  phcno t)-pica 1 l y  , inc l u d  in:, SK c e  I 1 s  posit i v c  and negat i 1-e 
1.01. a s i  a lo-G\Il (.-\SCVl). Here, we demonstrate that ii subpopulation oi' niurine 
tli).moc! tcs non-react i v c  vitli anti -.\SCNl and  LyT-?-/LITI- cai! mediate an U K -  

iinst l { S \ L l  infected targct c e l l s .  T h i s  cytolytic acti\-ity 
.irally-ini'ected target cells s i n c e  the uninfectcd targct 

( e l i s  a r v  not lyscd. .\dditionall>-, 1 % ~  denionstrate that Y.\C-l target cells 
; trc not - u s c e p t i b l c  to lysls, uhcrc :~s  c e l j  p r e p a r a t i o n s  from the s p l e e n  
and p r r ip l i e r a l  b l o o d  l \ . s c  hotti l L 5 V - l  infected c e l l s  a n d  )...\C-l c e l l s .  
1 u r t h e i - ,  dc deiiionstrate that the t1i)mocytc cytolytlc activity he  observe 

t b~ cnhanced  by addition O F  I1:7 i n  v ~ t r o  i n  contrast to s p l e n i c  \K 
that l y s c  IISV-1 inlectcJ cells. The r c l e ~ a n c e  o r  immature I lymplio- 
a'i 'I prirnar)'  ariti~-iral d e f e n s e  \ % I  1 1  be discussed. 

G89 

Large Granular Lymphocytes (LGL) account for :he natural killer (NK) activity against a 
variety of malignant and virus transformed cell lines. However most human tumors are rather 
resistant to SK lysis and significant killing is achieved only after activation by lympho- 
kines such as Interferon IIFN) or IL-2. Activation of LGL by rIL-2 is obtained promptly 
within 1-2 hr. and reaches plateau levels at 18-24 hr. The rapid response is independent of 
y IFN production; the culture supernatants do not have significant amounts of y IFN until 8 
hr. o t  rIL-2 treatment. The rIL-2 treated LGL have an increased ability to bind previously 
insensitive tarzets such as WMI-2650, nasopharyngeal epitheliorna. and M I .  a Burkitt's 
Lymphoma. Cold target inhibition experiments show that resistant targets are able to compete 
with a sensitiv? one (K562) only when the effectors are rIL-2 activated, demonstrating that 
activated LGL express a new surface structure which enables them t o  bind and lyse previously 
insensitive target cells. This phenomenon is dependent on protein synthesis since the pre- 
sence of inhibitors such as cycloheximide and actinomycin D abort the activation mechanism 
at concentrations that do not affect viability or  baseline spontaneous killing. In conclu- 
sion, the activation of NK cells by rIL-2 involves a metabolically active process which 
leads to a membrane perturbation and allows a broader spectrum of binding and killing 
ability. Characterization of the new rIL-2 inducible proteins via monoclonal and poly- 
clonal antibodies is currently ongoing. 

ACTIVATION OF H U M  LARGE GRANULAR LYMPHOCYTES BY RECOMBINANT INTERLEUKIN 2, Teresa 
Rarlozzari, Robert Numerof, James Mier, New England Medical Center. Boston, MA. 

GgO ANTI-TUYGR AND ANTI-MITOTIC ACTIVITY AllD INHIBITIGN OF MITGCHONDRIAL FUNCTION BY 
PHENETHANGLAMINES, George B. Boder, Frank W .  Beasley and Roland A. Cook, 

Lilly Research Laboratories, Lilly Corporate Center, Indianapolis, IN 46285 

Quantitative determinations of DNA related fluorescence through flow cytometry in 
conjunction with video time-lapse and cell staining techniques has enabled us to rapidly 
and precisely determine cell cycle specificity of a series of phenethanolamines. 
compounds when administered subcutaneously to adenocarcinoma (AC-755)  tumor bearing mice, 
potentiate the anti tumor activity of compounds such as 5-fluoruracil (5-FU), 6-mercap- 
topurine and vindesine without any evidence of increased toxicity. I n  cell culture 
studies, macimalian cells are accumulated only at mitosis; sea urchin mitosis is not 
affected. Tubulin assembly in-vitro is not inhibited by the phenethanolamines. Processing 
of treated cells for tubulin indirect fluorescence revealed no disassembly of microtubules 
in interphase cells; however, mitotic accumulation was accompanied by apparent inhibition 
of chromosome movement. Examination of mitotic cells by transmission electron microscopy 
revealed that no microtubules were associated with the centrosomes or centromeres. 
Quantitation of fluorescence of treated tumor cells stained with rhodamine-123 revealed an 
inhibition of mitochondrial function suggesting inhibition of cell mitosis by a mechanism 
other than binding to tubulin. Tubulin assembly appears t o  be inhibited at the spindle. 
Since it has been proposed that calcium-calmodulin i s  one of the major regulatory factors 
involved with microtubule breakdown during chromosome movement, the effects on mitochondrial 
oxidation potential suggests a role for mitochondrial calcium in spindle formation. 

These 
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G91 MOUSE MOllOCLONAL ANTIBODIES INDUCE PHAGOCYTOSIS OF TUMOR CELLS BY HUMAN MONOCYTES, 
J e r o  C a l a f a t ,  Hans J a n s s e n  and Annemarie Hekman, The N e t h e r l a n d s  Cancer I n s t i t u t e ,  
Amsterdars, The N e t h e r l a n d s .  

Monoclonal a n t i b a d y  (MoAb) t e c h n o l o g y  h a s  s t i m u l a t e d  a renewed i n t e r e s t  i n  p a s s i v e  immuno- 
t h e r a p y  of n e o p l a s t i c  d i s e a s e .  I n  c o n t r a s t  t o  M o A b s  used  a s  c a r r i e r s  o f  d r u g s  or t o x i n s ,  
t h e  b i o l o g i c a l  e f f e c t  of unmodif ied  a n t i b o d i e s  depends  on  a c t i v a t i o n  of t h e  h o s t ' s  humoral 
Or c e l l u l a r  e f f e c t o r  mechanisms. S i n c e  human t u m o r - s p e c i f i c  MoAbs a r e  n o t  l i k e l y  to be a v a i -  
l a b l e  f o r  immunocherapy i n  t h e  n e a r  f u t u r e ,  i t  is  i m p o r t a n t  t o  i n v e s t i g a t e  t h e  i n t e r a c t i o n s  
between mur ine  MoAbs and human e f f e c t o r  c e l l s .  

T h i s  s t u d y  r e p o r t s  t h e  c a p a c i t y  of human p e r i p h e r a l  b lood  monocytes t o  p h a g o c y t i s e  human 
B-non Hodgkin ' s  lymphoma (NHL) c e l l s  c o a t e d  w i t h  mouse MoAbs. The MoAbs used  r e c o g n i s e  i d i o -  
t y p i c  d e t e r m i n a n t s  on  t h e  s u r f a c e  immunoglobulin of NHL c e l l s .  MoAbs o f  IgGl and IgGZa iso- 
t y p e  were found t o  be  e q u a l l y  e f f e c t i v e  i n  i n d u c i n g  p h a g o c y t o s i s .  P r e i n c u b a t i o n  of t h e  mo- 
n o c y t e s  w i t h  h e a t  a g g r e g a t e d  immunoglobulin from human or  mouse serum i n h i b i t e d  p h a g o c y t o s i s  
t o  t h e  same d e g r e e ,  s u g g e s t i n g  involvement  o f  a n  Fc  r e c e p t o r  on t h e  monocytes t h a t  b i n d  
b o t h  human and mouse a n t i b o d i e s .  

~ 9 2  K I N E T I C  S T U D I E S  O N  T H E  M E C H A N I S M S  O F  H U M A N  N K ,  A K  A N D  C T L  M E D I A T E D  
CYTOTOXICITY REACTIONS, D e n i s  M. C a l l e w a e r t ,  C y n t h i a  L. S e v i l l a  a n d  
G i l b e r t  R a d c l i f f ,  O a k l a n d  U n i v e r s i t y ,  R o c h e s t e r ,  M I  4 8 0 6 3  

C y t o t o x i c i t y  r e a c t i o n s  m e d i a t e d  b y  human a c t i v a t e d  k i l l e r  ( A K )  c e l l s  a n d  
c y t o t o x i c  T l y m p h o c y t e s  (CTL) g e n e r a t e d  i n  o n e - w a y  m i x e d  l y m p h o c y t e  c u l t u r e  
(MLC) w e r e  i n v e s t i g a t e d  u s i n g  k i n e t i c  m e t h o d s  d e v e l o p e d  f o r  t h e  s t u d y  o f  
human n a t u r a l  k i l l e r  (NK)  c e l l s .  No l a g  p e r i o d  is o b s e r v e d  f o r  K-562 l y s i s  
b y  M L C - g e n e r a t e d  AK c e l l s ,  a n d  t h e  r a t e  o f  i s o t o p e  r e l e a s e  r e m a i n s  c o n s t a n t  
f o r  o n l y  t h e  f i r s t  30 t o  60 m i n u t e s  o f  t h e  r e a c t i o n .  W h i l e  c o n s i d e r a b l e  
v a r i a b l i l i t y  w a s  o b s e r v e d  b e t w e e n  e x p e r i m e n t s ,  c a l c u l a t e d  v a l u e s  f o r  t h e  
m a x i m a l  v e l o c i t y  o f  AK m e d i a t e d  l y s i s  o f  K-562 w e r e  g e n e r a l l y  s u b s t a n t i a l l y  
g r e a t e r  t h a n  f o r  N K  m e d i a t e d  l y s i s  u n d e r  i d e n t i c a l  c o n d i t i o n s .  T h e  r a t e  o f  
l y t i c  p r o g r a m m i n g  f o r  A K  a n d  N K  m e d i a t e d  r e a c t i o n s  w e r e  m o r e  c o m p a r a b l e ,  
s u g g e s t i n g  t h a t  e n h a n c e d  c y t o t o x i c i t y  e x h i b i t e d  b y  A K  c e l l s  i s  d u e  p r i m a r i l y  
t o  a n  i n c r e a s e  i n  t h e  n u m b e r  o f  c o m p e t e n t  c y t o t o x i c  c e l l s  r a t h e r  t h a n  a 
d i f f e r e n c e  i n  l y t i c  f u n c t i o n .  I n  c o n t r a s t  t o  N K  a n d  AK m e d i a t e d  r e a c t i o n s ,  a 
l a g  p e r i o d  o f  1 5  t o  30 m i n u t e s  i s  o b s e r v e d  f o r  l y s i s  o f  P H A - b l a s t s  b y  
M L C - g e n e r a t e d  h u m a n  CTL, f o l l o w e d  b y  a l i n e a r  i n c r e a s e  I n  i s o t o p e  r e l e a s e  
f o r  2 t o  4 h o u r s .  T h e s e  d a t a  a r e  i n t e r p r e t e d  i n  t e r m s  o f  a common 
p o s t - b i n d i n g  l y t i c  m e c h a n i s m  f o r  c e l l u l a r  c y t o t o x i c i t y  r e a c t i o n s .  

( 3 3  H ~ u m n  cytotoxic T lynphccyte (CI'L) clones w i t h  anti-mlanoma reactivity in te rac t  w i t h  
melanoma associated cellular adhesion mlecules. Jan E. de V r i e s ' ,  Anje te Velde2, G e r r i t  
Keizer2 and Hergen Spits! 1 UNICm, Inmxolcqy laboratories, 69572 DARDILLY, FRANCE and 

2 the XI, iWSERDM. 
Cn-clones w i t h  anti-relanoma reactivity were isolated fran lrlixed 1-ccyte cxltures o r  mixed 
lymphocyte tmr cell cultuqes, i n  which lympkx!ytes fran mlacum patients w e r e  activated 
by allogeneic W - t r a n s f o d  B cell l ine  cells or au to lapus  mlanam cells. These Cm, clones 
k i l led  autologous and allogeneic mlansm cells preferentially, but had no NK ac t iv i ty  as 
masured against K562. Blocking studies with m ~ l o n a l  antibodies (rrpabs) s h d  that the 
reactivity of these clones was not MHC-restricted.  In addition, T3, T4 or T8 were not asso- 
ciated w i t h  the cytotoxic reactivity.  B y  using noabs raised against h m  m l m  cells 
that were selected on the i r  capacity to inhib i t  the a n t i - m l m  reactivity of the Cl'L clones 
w e  found that the CTL clones interacted with a melanoma associated proteoglycan (M.W. 450 Ka- 
250 Kd)  and a mlecular c a p l e x  consisting of 4 subunits with M.W. of 120, 95, 29 and 23 Kd. 
The latter antigen w a s  found to be associated w i t h  the adhesion, spreading and m t i l i t y  of 
hmnn mlancma cells. In addition t o  the i r  mnbrane localization, bsth antigens -me also 
found to be present i n  the extracellular adhesion plaques. These results indicate that the 
CI'L clones w i t h  anti-relanoma reactivity interact with melarnm associated cellular adhesion 
mlecules which m y  be involved i n  the dissemination of h m  melanoma. Bmever the T cell 
receptorA'3 complex is not involved i n  this interaction. 
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The antigen recogn i t i on  p roper t i es  o f  murine cy to tox i c  T lymphocytes (CTL) have been 
character ized i n  terms o f  the r e s t r i c t i o n s  imposed by i nd i v idua l  murine H-2 ( c lass  I) 
antigens on the  recogn i t i on  and l y s i s  o f  reov i rus  i n fec ted  c e l l s  by CTL. Reovirus i s  a 
nonenveloped double-stranded RNA v i rus .  The u outer  capsid p r o t e i n  o f  the v i r u s  i s  a 
major t a rge t  antigen o f  CTL as we l l  as antibodies. 
generated against reov i rus  serotype 1 and 3 which d i f f e r  s i g n i f i c a n t l y  i n  t h e i r  C T ~  

prote ins.  The H-2 r e s t r i c t i o n  pa t te rn  f o r  reov i rus  s p e c i f i c  CTL i s  broad w i t h  respect t o  
the  number o f  poss ib le  H-2 r e s t r i c t i n g  elements. However, an t i - reov i rus  CTL are h i g h l y  
spec i f i c ;  CTL r e s t r i c t e d  t o  one c lass  one antigen do not  e f f e c t i v e l y  cross l yse  i n fec ted  
c e l l s  expressing the inappropr ia te H-2 antigen. The f i n e  s p e c i f i c i t y  o f  t h i s  CTL response 
i s  p resen t l y  being invest igated at  the l eve l  o f  H-2 antigen s t ructure.  O f  i n t e r e s t  are 
an t i - reov i rus  CTL r e s t r i c t e d  t o  the mutant H-2D/Ldml antigen, a spontaneously a r i s i n g  
hyb r id  of the H-20d and H-2Ld antigens. 
an t i - reov i rus  CTL do no t  e f f e c t i v e l y  cross- lyse reov i rus  i n fec ted  c e l l s  expressing one of 
these other  H-2 antigens. The present i nves t i ga t i on  focuses on the  p o t e n t i a l  funct ions 
t h a t  i n d i v i d u a l  H-2 antigen domains, and po r t i ons  thereof ,  have i n  determining CTL 
r e s t r i c t i o n  oat terns.  

H-2 RESTRICTION OF REOVIRUS SPECIFIC CTL. Suezanne Emison and Duane Sears, 
Un ive rs i t y  o f  Ca l i f o rn ia ,  Santa Barbara, CA 93106 

In t h e  present study CTL were 

H-2D/Ldm1, H-20d, or H-2Ld r e s t r i c t e d  

G95 
of Science, Rehovot, Israel(lJ, Stanford Medical School(’) and DNAX Research Institute, Palo 
Alto, U.S.A. 

We took advantage of the instability of cytotoxic T cell hybridomas for the isolation and 
characterization of variants defective in various stages of target cell recognition, lytic 
process and inductive secretion of interleukines. 
with, and lysed EL4 target cells. Upon stimulation with either antigen or mitogen, a poten- 
tiation of the lytic activity and secretion of IL-2, IL-3 and GM-CSF was observed. Subclones 
of the following phenotypes have been obtained: Some lost both killing activity and induci- 
bility, others did not kill, neither could be induced with antigen while their ability to 
respond to mitogen was not impaired. Few variants amongst these which lost their ability to 
kill could still undergo antigenic stimulation for factors secretion. None of the clones 
could retain cytotoxic activity without mitogen-induced IL-2 production. We suggest the CO- 
existence of two separate receptors, one for antigen and one for mitogen. 
vity of the hybridomas is unilaterally associated with the production of growth factors. We 
have cloned the a,B and y T cell receptor genes, the IL-2 and IL-3 codding genes from cDNA 
library prepared from two independent parental hybridomas. Sequence analysis and restriction 
enzyme mapping revealed that although the hybridomas had similar antigenic and allorestricted 
specificity, they differ in the variable region of both the a and b chains of the TcR. 
Deffective subclones have been identified that do not transcribe the a,@ or y chains. Some 
functional clones lost their y chains without impairing the respond to the target cells. 

PHENOTYPIC AND GENOTYPIC CHARA TERIZATION OF LOSS-VARIANTS FROM CTL HYBRIDOMAS. 
Z. Eshharl, T. Waksl M. Davi3, T. Yokota3 and K .  Arai3. The Weizmann Institute 

The hybridomas specifically interacted 

The killing acti- 

G96 TRIGGERING OF THE LETHAL H I T  IN HUMAN CTL: DETECTION OF C Y T O T O X I C I T Y  AGAINST BYSTAN- 
DER TARGET CELLS, Bernhard Fleischer, Department of Medical Microbiology 8 Imrnunolo- 

gy, University of Ulm, Germany. 
The mechanisms by which cytotoxic T lymphocytes (CTL) kill target cells as well as the mole- 
cular signals by which the lytic machlnery of the C T I  is activated are not known. We have 
investigated the triggering of specific and nonspecific cytotoxicity o f  human C T I  clones. 
Monoclonal antibodies against the 7 3  antigen both blocked antigen-specific cytotoxicity and 
triggered nonspecific cyttotoxicity against third party targets. Two different mechanisms 
were operating in anti-T3 induced cytotoxicity: some target cells required Fc-receptor rnedi- 
ated crosslinking of CTI and target, whereas with other targets bystander lysis was obser- 
ved. Evidence for bystander-type of  lysis was the effective triggering by F(ab) fragments, 
lysis of Fc-receptor negative target cells and the resistance to inhibition by ?mmune com- 
plexes. Bystander lysis was also triggered in CTL incubated with the calcium ionophore 
A23187. After extended assay times lysis of bystander targets could also be observed after 
specific triggering of the CTL with their specific target cell. This was again dependent on 
the target cell used as bystander. Targets resistant to this bystander lysis were also re- 
sistant to lysis triqgered by F(ab)  fragments of anti-13 antibodies. No soluble cytotoxic 
activity could be found in the supegnatants o f  triggered CTL. 

81 
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~ 9 7  RED CELL GHOST CARRIERS AT STAGES DURING THEIR FORMATION BY SEM, Cynthia L. Freehauf 
and Carol  A. Kruse,  Denver General Hosp i t a l ,  Su rg ica l  Oncology, Denver, CO 80204 

Red c e l l s  a s  c a r r i e r s  f o r  exogenous agents  i s  recognized a s  a u se fu l  system f o r  r e sea rch  and 
c l i n i c a l  app l i ca t ions .  
t h e  technique used f o r  encapsulat ion.  
( s l o w  d i a l y s i s  and preswell)  and by e l ec t ropora t ion .  
(0.8-1.2 mg €fTX/ml RBCG) by t h e  th ree  techniques were examined by scanning e l e c t r o n  
microscopy a t  va r ious  s t a g e s  during t h e i r  formation to determine what f a c t o r s  a r e  c r i t i c a l  
to t h e i r  development. In  t h e  slow d i a l y s i s  method, RBCS d ia lyzed  aga ins t  hypotonic b u f f e r  
change to a homogeneous populat ion of echinocytes .  When i s o t o n i c  condi t ions a r e  r e s t o r e d ,  
l a r g e  pores  and/or  depressions (0.1-0.8 pm) appear i n  RBCGS of v a r i a b l e  s i z e .  
anneal ing t h e  RBCGS a t  37°C. a more uniform populat ion of RBCGS with s tomatocyt ic  and 
d i sco id  morphologic forms a r e  p re sen t ;  membrane pe r tu rba t ions  and pores  a r e  s t i l l  evident .  
I n  t h e  preawell  method, RBCS preswollen with 160 mOsm b u f f e r  s t i l l  r e t a i n  a d i sco id  
appearance.  
c e l l  volume. This  morphology p e r s i s t s  a f t e r  i s o t o n i c i t y  is r e s to red .  
RBCG a t  37OC a s tomtocyt ic  shape r e t u r n s .  
e l e c t r o p o r a t i o n  method, RBCS appear a8 rounded spherqcytes  with small  s p i c u l a t i o n s  
immediately a f t e r  pu l s ing  a t  6 KV/cm, 16 ps. 
O°C f o r  30 min. 
pores  evident  i n  t h e i r  membranes. A t  h igher  f i e l d  i n t e n s i t i e s  or prolonged microsecond 
pu l ses ,  pores  appear a s  seen i n  RBCGS from t h e  slow d i a l y s i s  method. 

The p r o p e r t i e s  of red blood c e l l  ghosts  (RBCCS) a r e  dependent upon 
RBCCS were made by two osuu t i c  s t r e s s  techniques 

RBCGS loaded wi th  methotrexate  

Upon 

When t h e  RBCS a r e  ly sed ,  almost a l l  have an ech inocy t i c  shape and reduced mean 
Upon anneal ing t h e  

Very few pores a r e  evident .  For t h e  

The v e s i c u l a t i o n  decreases  upon incubat ion a t  
Upon anneal ing a t  37OC t h e  morphology r e t u r n s  to stomatocyt ic  form with no 

G98 THE EFFECT OF VESICLE SIZE ON THE IN VIVO TISSUE DISTRIBUTION OF LIPCSOME- 
ASSOCIATED ADRIAMYCIN 

A .  Gabizon, 0 .  Goren and Y .  Barenholz. Hadassah Un ive r s i ty  Hospi ta l  and Hebrew Univers i ty-  
Hadassah Medical School,  Je rusa lem,  I s r a e l .  

We have inves t iga t ed  the behavior  of  two popula t ions  o f  Adriamycin (AOM) conta in ing  
p6ospholipid v e s i c l e s  with regard  t o  var ious  parameters.  
prepared by u l t r a s o n i c  i r r a d i a t i o n ,  t he  l i p i d  composition being phosphat idylg lycero l ,  phos- 
pha t idy lchol  ine and cho le s t e ro l  (molar r a t i o  3:7:4 r e spec t ive ly ) .  T h e  v e s i c l e s  were 
f r a c t i o n a t e d  by p repa ra t ive  u l t r a c e n t r i f u g a t i o n  (150,000 g x 1 h r ) .  
supe rna tan t  (8) v e s i c l e s  were then separa ted  from unentrapped ADM by gel f i l t r a t i o n .  
S liposomes d i f f e r e d  in  s i z e  ( P ,  uni and o l igo lan le l l a r ,  mean =I15 ? 25 n m ;  8, un i l ame l l a r ,  
mean = 35 t 14 nm). Drug entrapment per  u n i t  o f  l i p i d  was %3 times h ighe r  in P liposomes 
( P .  160 mmol ADM/mol phosphol ip id ;  S ,  50 mmol ADM/mol phosphol ip id) .  T issue  d i s t r i b u t i o n  
and t o x i c i t y  s t u d i e s  were performed a f t e r  i . v .  admin i s t r a t ion  of  both types  of  v e s i c l e s  i n t o  
mice. The d i s t r i b u t i o n  and c learance  o f  ADM i n  S liposomes followed a pa t t e rn  d i f f e r e n t  
from t h a t  of  ADM in P liposomes and resembling t h a t  of  so lub le  ADM (Gabizon e t  a l .  Cancer 
Res. 42: 4734, 1952).  In agreement wi th  t h e s e  d i f f e r e n c e s  in  p a t t e r n s  o f  t i s s u e  d i s t r i b u -  
t i o n ,  p re l iminary  t o x i c i t y  s t u d i e s  showed t h a t  ADM in P liposomes i s  s i g n i f i c a n t l y  l e s s  
t ox ic  than ADM in S liposomes. 
a r e  unfavorable c a r r i e r s  f o r  an amphipathic drug such a s  ADM. 

ADM-containing liposo!nes were 

P e l l e t  (P )  v e s i c l e s  and 
P and 

These r e s u l t s  sugges t  t h a t  very small u n i l a w l l a r  liposomes 

G99 MODEL MEMBKAII'ES C O N r A l N l N G  P U K I F I E I )  l i -LKb ,  CYrUSKELtTAL P K O T t l N S ,  A h U  

P e n n y  J .  G i l m e r  a n d  S t e v e  D .  F i g a r d ,  D e p a r t m e n t  of C h e m i s t r y ,  F l o r i d a  S t a t e  
U n i v e r s i t y ,  T a l l a h a s s e e ,  YL 3 2 3 0 6 - 3 U O h  

U E F I N E D  L l P l U S  1 N  A STUUY O F  CYTOTOXLC T CELL-TA2GET C E L L  LKTERACTIOK. 

t i -2Kb  was p u r i f i e d  b y  m o n o c l o n a l  a n t i b o d y  ( B d - L 4 - 3 ) - a t t i n i t y  
c h r o ma t o g  r a p h y r c1 c o n s L 1 t u L e d w 1 t ti d e t i n e  d 
p r o t e i n s  i n t o  v e s i c l e s  by t h e  d e t e r g e n t - d i a l y s i s  m e t h o d .  S u r r o s e  d e n s i t y  
i r a c t i o n a t i o n  of r e c o n s t i t u t e d  v e s i c l e s  a n d  P r o n a s e  E c l e a v a g e  s t u d i e s  
s u g g e s t e d  t h a t  t h e  c y t o s k e l e t a l  p r o t e i n s  a i d e d  i n  t h e  i n c o r p o r a t i o n  a n d  
v e c t u r i a l  o r i e n t a t i o n  u i  t h e  a n t i g e n s  i n t o  L a r g e ,  c h o l e s t f r o l - c o n t a i n i n g  
m e m b r a n e  v e s i c l e s .  S p e c i f i c  c o n . ] u g a t e  f o r m a t i o n  b e t w e e n  a i l o g e n c i c a l l y  
p r i m e d  c y t o t o x i c  T c e l l s  a n t i - e b )  a n d  c b  t a r g e t  c e l l s  w d s  r e d u c e d  
b y  5 0 %  ot t h e  m a x i m u m  i n h i b i t i o n  o b s e r v e d  b y  v e s i c l e s  c o n t a i n i n g  6 ng 
p u r i f i e d  t i -LKb p l u s  2 8  cig c y t o s k e l e t n l  p r o t e i n s .  S p e c i f i c i t y  o t  t h e  
r e s p o n s e  w a s  d e m o n s t r a t e d  u s i n g  p u r i i i e d  k Z k  p r o t e i n s  w h e r e  o n l y  s l i g h t  
i n h i b i t i o n  o f  c o n . 1 u g a t e  f o r m a t i o n  w a s  o b s e r v e d  a t  s i g n i f i c a n t l y  h i g h e r  
c o n c e n t r a t i o n s .  S t u d i e s  a r e  u n d e r w a y  t o  c o m p a r e  p r o p e r t i e s  o r  v e s i c l e s  
f o r m e d  w i t h  d i t l e r e n t  m e m b r a n e  c o m p o s i t i o n s  t h a n  t h o s e  u s e d  t o  d a r e  ( 0 . 2 8 ,  
U . 2 5 ,  
d 1 p a  l m i  t o y  1 p h o  sp h a  t i d y  1 c 110 11 n c , 

a n d  1 i p i d s a n d  c y t o  i k e 1 is t a 1 

U .4 7 mo 1 i r a  c t i o n  c h o  I e s t c r o 1 ,  d i m y  r i b  t o y  1 p h o  s p ha 1 i dy  1 c h o  1 i n e  , a n d  
r F s p e  c t i v e  1 y . 
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~ 1 0 0  ROLE O F  POTASSIUM CHANNELS I N  KILLING BY HUMAN NATURAL KILLER CELLS. 
S i d n e y  H. Golub ,  Lyanne C. S c h l i c h t e r  a n d  N e i l  S i d e l l .  UCLA S c h o o l  
o f  M e d i c i n e ,  Los A n g e l e s ,  C a l i f o r n i a  90024. 
W e  h a v e  d e m o n s t r a t e d  a v o l t a g e  d e p e n d e n t  K c u r r e n t  i n  human n a t u r a l  

k i l l e r  ( N K )  c e l l s  u s i n g  t h e  whole  ce l l  v a r i a t i o n  o f  t h e  p a t c h - c l a m p  t e c h -  
n i q u e .  T h i s  K c u r r e n t  i s  r e d u c e d  i n  a d o s e - d e p e n d e n t  manner  by a v a r i e t y  o f  
i o n - c h a n n e l  b l o c k e r s  ( v e r a p a m i l ,  q u i n i d i n e ,  4 - a m i n o p y r i d i n e ,  Cd) a t  concen-  
t r a t i o n s  c o m p a r a b l e  t o  t h o s e  t h a t  i n h i b i t  n a t u r a l  k i l l i n g ,  s u g g e s t i n g  t h a t  
t h e  K c h a n n e l s  a r e  n e c e s s a r y  d u r i n g  t h e  k i l l i n g  p r o c e s s .  The i o n  c h a n n e l s  
p r e s e n t  i n  t h s  t a r g e t  c e l l  d o  n o t  a p p e a r  t o  p l a y  a ro l e  s i n c e :  1) t w o  NK- 
s e n s i t i v e  ce l l s  (K562 a n d  U 9 3 7 )  h a v e  d i f f e r e n t  t y p e s  o f  c h a n n e l s ;  2 ) b l o c k i n g  
t h e  o n l y  t y p e  of c h a n n e l  d e t e c t e d  i n  K562 ce l l s  (Na c h a n n e l )  d o e s  n o t  a f f e c t  
k i l l i n g ;  3 )  p r e t r e a t m e n t  of t a r g e t  c e l l s  by q u i n i d i n e  a n d  v e r a p a m i l  do n o t  
s i g n i f i c a n t l y  r e d u c e  t h e i r  s e n s i t i v i t y  t o  k i l l i n g .  In c o n t r a s t ,  p r e t r e a t -  
ment o f  e f f e c t o r  c e l l s  w i t h  t h e s e  d r u g s  s u b s t a n t i a l l y  i n h i b i t  k i l l i n g .  By 
a d d i n g  EDTA o r  c h a n n e l s  b l o c k e r s  a t  v a r i o u s  t i m e s  i n  a C a - p u l s e  a s s a y  sys tem,  
w e  h a v e  d e t e r m i n e d  t h a t  t h e  b l o c k e r - s e n s i t i v e  p h a s e  of bound c o n j u g a t e s  
s t r i c t l y  c o r r e s p o n d s  w i t h  t h e  Ca-dependent  "programming" s t a g e  o f  k i l l i n g .  
Thus ,  t h e  d a t a  s u g g e s t  t h a t  f u n c t i o n i n g  K c h a n n e l s  i n  NK c e l l s  a r e  n e c e s s a r y  
d u r i n g  t h e  Ca-dependent  " p r o g r a m m i n g - f o r - l y s i s "  p h a s e  o f  t h e  k i l l i n g  p r o c e s s  
t h r o u g h  m e d i a t i o n  of NKCF r e l e a s e ,  I n  c o n t r a s t ,  o u r  d a t a  d o  n o t  s u p p o r t  a n  
a c t i v e  ro le  i n  c y t o l y s i s  by i o n  c h a n n e l s  i n  t h e  t a r g e t  cells .  

GI01 SKIDIES ON THE IETHAL €LKT MEHANISM OF NK CELLS: ACI'IVRTION OF NKCF SE2REl'IoN BY 
PROTEIN KINASE C, Scott Graves and Benjamin Ronavida, Departmnt of Microbiolqy 
and Imnmolqy, U r n  school of m i c i n e ,  ? i ~ s  Angeles, a. 

Previous s tud ies  on the NK lytic m h a n i s n  ?mmnstrated that f o l l w i n g  in te rac t ion  of ta rge t  
cell w i t h  ef fec tor  cell, the ef fec tor  cell releases natural  killer cytotoxic fac tors  (NKCF) 
which can then bind to and lyse the ta rge t  cell. 
nal ing events leading to release NKCF. Studies on other cell systems have indicated that 
receptor induced transmembrane s ignal ing leads to the metabolism of phosphatidylinositol 
and act ivat ion of protein kinase C (PKC) by increased cytosolic Ca* an3 niacylglycerol. 
W e  t es ted  the m e s i s  that a similar sequence of ac t iva t ion  events mcurs i n  hurmn NK by 
conparing Con A w i t h  the &orb01 ester, 1 2 ~ ~ e t r a ~ ~ ~ ~ l p r ~ 1 - 1 3 - a c e t a t e  (TPA), and the 
calcium ionghores, A23187 and Ionarrjrcin, f o r  their a b i l i t y  to induce release on 
Iormphores (2oonM) i n  conjunction with TPA (2Cng/mL) induced release of NKCF f a s t e r  (less 
than 1 h )  than either Con A or target cells. 
by NKCF induced ly TPA and iomores. 
enhanced release of "3' frm effec tor  cells s t i m l a t e d  with either TPA and ionophores or 
Con A. 
l a t i o n  in IGL enriched fract ions.  Diacylglycerol also induced release of NKCF frm PBL. 
Dibutyryl CAMP inhibi ted NKC3-K but fa i led  to inhibit TPA and ioMphore induced release of 
NKF. lhese s tudies  suggest that NKCF is released frcm NK e f f e c t o r  cells within a p r i o d  
o f  tim m n s i s t e n t  w i t h  NKolc and t h a t  protein phosphorylation mybe involved i n  this event. 

Currently, we are interested i n  the sig- 

Only NK s e n s i t i v e  target cells e r e  k i l l e d  
Pretreatment of e f fec tor  cells with interferon 

Activation of PKC was indicated because TPA and A23187 enhanced protein phosphory- 

6102 DNA OF NONHEMATOPOIETI$ TARGET CELLS IS+ FRAGMENTED UPON CTL-MEDIAT$D*LYSIS, 
Stanislaw H. Gromkowski , Thomas C. B$own and Jean-Charles Cerottini , Ludwig 
Institute for Cancer Research, and Swiss Institute for Experimental Cancer 
Research, 1066 Epalinges, Switzerland. 

Cytolytic T lymphocytes (CTL) play an important role in resistance to virus infections and 
in some forms of allograft and tumor rejection. In most in vitro studies of CTL-mediated 
lysis, the target cells are usually of hematopoietic origin. Obviously, in vivo, CTL must 
destroy a wider range of target cells. Recent studies on the role of CTL surface molecules 
involved in effector-target interactions suggested that the requirement for LFA-1 varied 
according to the origin of target cells used. It has been shown previously that DNA 
fragmentation takes place in hematopoietic target cells lysed by CTL (but not by Ab+C). In 
view of the differences mentioned above, we have investigated the fate of DNA in nonhemato- 
poietic target cells upon CTL-me iated lys?. Three murine cell lines were us d as a 
source of H-2 target cflls (1) K -19, a H-2 fibroblast line transfected with K' gene : 
( 2 )  EMT6, a BALB(c (1-2 ) mammary tumor-derived line, and (3) 51G, a BALB/c colon carcino- 
ma-derived line. A K -specific CTL clone was used as the source of effector cells. In all 
cases, target cell DNA was rapidly fragmented upon CTL-mediated lysis, as seen by agarose 
gel analysis (ladder pattern of multiples of 200 base pair fragments) and in Triton X-100 
DNA-release assay. Ab+C-mediated lysis didn't trigger DNA fragmentation in any of the 
target used. Thus we conclude that the events triggered in the target cells during CTL-me- 
diated lysis are the same whether or not the target cell is of hematopoietic origin. 

2 '  
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(303 VIRAL SZlRFACE AKTIGENS ACTIVATE NATURAL KILLER CELL NEXBRAPiE CYTOTOXICITY. Anrar A. 
Hakim. Loyola Universi ty  Medical Center.  Maywood. I l l i n o i s  60153. 

H e p a t i t i s  B su r f ace  an t igens  (HRsAg) form a complex s t r u c t u r e  and a n t i g e n i c i t y ,  w i t h  four  
major a n t i g e n i c  types "adv", ayw". "sdr", and "ayr". SDS-polyacrylamide g e l  e l ec t rophores i s  
showed t h a t  HBs-\g con ta in  a major p r o t e i n  w i t h  ?it-22,000-25.000 (P 25) and a major glycopro- 
r e i n  with *lt=28,000-3C,000 (GP 30). In add i t ion ,  up t o  seven minor p r o t e i n s  and glycoproteins  
w i t h  M t -  40.000-50.000 have been reported.  A major goal  of t h e  present  i n v e s t i g a t i o n s  was t o  
e l u c i d a t e  the  s t r u c t u r a l  f e a t u r e s  of t h e  p r o t e i n s  which mediate a c t i v a t i o n  of t he  c e l l  mem- 
brane cy to tox fc  a c t i v i t i e s .  Pe r iphe ra l  blood lymphocytes (PRL) from heal thy a d u t l s  w i t h  (HBs 
Ab-sero p o s i t i v e )  and without (HBsAb-sero negat ive)  c i r c u l a t i n g  an t ibod ie s  t o  HBsAg were 
obtained before  and a f t e r  vacc ina t ion  w i t h  HBsAg were used a s  e f f e c t o r  c e l l s .  The PLC/PRF/5 
c e l l  l i n e  drv,-loI>ed from a primary hepa toce l lu l a r  carcinoma of a male with a p o s i t i v e  serum 
f o r  h e p a t i t i s  B v i r u s  su r face  an t igen  was used a s  one of t he  t a r g e t  c e l l s ,  and K-265 as t h e  
o t h e r ,  i n  a four  hour SICr-labelled r e l e a s e  c y t o t o x i c i t y  assay.  The f i r s t  c e l l  l i n e  produ- 
c e s  and s e c r e t e s  H?sAg but no o t h e r  knom v i r a l  markers. !;bile the  o t h e r  c e l l  l i n e  is sneci-  
f i c  f o r  Ra tu ra l  Y i l l e r ( t i i )  c e l l s .  PEL from Ab-sero negat ive is  no t ,  whereas PBL from HBsAb- 
se ro  p o s i t i v e  is s t a t i s t i c a l l y  s i g n i f i c a n t  cy to tox ic  to both t a r g e t  c e l l  l i nes .  k'hen t r e a t e d  
w i t h  neuraminidase (VCN), both e f f e c t o r  c e l l s  were increased i n  cy to tox ic i ty .  Incubat ion i n  
media supplementzd with HBsAg increased ex tens ive ly  the  c y t o t o x i c i t y  o f  PBL from HBsAb-sero 
p o s i t i v e  a d u t s  only.  The chenges in c y t o t o x i c i t y  i s  accompanied by an increased c e l l  membrane 
protease a c t i v i t y .  C e l l u l a r  c y t o t o x i c i t y  r equ i r e s  a pro tease  a c t i v a t i o n  to  r e l e a s e  determi- 
n a t s  needed for  the  bindfng of t he  membrane t o  t h e  t a r g e t  c e l l s .  

GI04 Lymphocyte Granule-Mediated Lysis  of Erythrocytes .  Dorothy Hudig, Doug Redelman, 
and Jan ine  Gregg. School of Medicine, Universi ty  of Nevada, Reno 

Enzymes may a c t i v a t e  the granule  ma te r i a l  of the r a t  l a rge  granular  lymphocyte tumor 
c e l l s  RNK-16 f o r  l y s i s  of e ry th rocy te s .  We evaluated the e f f e c t s  of 5 va r i ab le s  and found: 

Variable  Ef fec t  of increasing the  v a r i a b l e  on: 
( range)  Lag time Rate of l y s i s  Net f i n a l  I y s i s  

Ca2+ decreased unchanged 
(0-16 mM) 

decreased unchanged 
(6.0-9.0) 
Temperature decreased increased 

Concentration decreased increased 
of granules  
Concentration unchanged increased 
of r rbc ' s  

pH 

(23-41' C) t o  3 5 O  c 

increased to  
optimum a t  2-8 mM 
increased to  pH 8.0 

unchanged 

increased 

increased 

The e f f e c t s  of temperature and pH on the  l ag  time Ind ica t e  tha t  some form of a c t i v a t i o n ,  
beyond t h a t  of c o l l i s i o n  of t he  cy to lys in  with the e ry th rocy te ,  must take place.  

(3105 MKXWISM OF IEXTPIN-DEPENDEHT CELU~LRR m n c m  (m): mm AND ~ARACIXR- 
IZATION OF NxJ43A'S-S I W PAPAIN-SENSITIVE 'ARZTF CELL M3LEcULEs INWLVED It? 
LYSIS, Jonathan D. Katz and Benjamin BoMvida, UCLA School of Medicine, Los 
Anqeles, C4 90024. 

We have previously d-trated that in both the humm and xencgenic LLXX: systans the 
h m  M K  class I deficient Daurli cell line can serve equally as el1 as the class I 
positive Raji cell line as a target in LDX. 
both Raji and D a d i  cells unsusceptible tn effector cell lysis without affecting their 
ability to fom mnjugates in the presense of mn A. ? h i s  pral le l  abolition of p t -  
bindinq lytic p t e n t i a l  ?q p p i n  of b t h  class I negative and class I p s i t i v e  cells 
suggested the existence of m n m  papain-sensitive structure(s) irrportant for lysis. 
this -ent study to further rnrlerstand ard identify these papain structures, we have 
developed an antiserum tn the class I negative Dadi cells by irmUnization of Balb/c mice. 
?his anti-Dadi sem has been sham to inhibit the lysis of Daudi by the xencgenic LtXX 
effector CPL (B6sP815) .  
not inhibit the killing of P815 by %pSlS/Cl'L. 
been skam to inhibit the human N K U C  reaction of PBL against U937 (NK-sensitive) target. 
%us, it seem3 that koth CPL and NK share the - stages in the cytolytic pthway. The 
developnent of rronoclonal antibodies a d  further &aracterization of this target cell- 
specific reagent my provide sane important insight into the role of target cell surface 
structures, other than the W, in the pst-bindinq/recqnition staqes of lysis in LDX. 

W e  also feud that p p i n  treatment rendered 

I n  

Further, the inhibition is target cell specific in that it does 
Interestingly, this antiserum has also 
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GI06 anti-1 Antibody cytolytic Activity d II~Z on in Il6mry- 
Like Cl'L-Iiybridouas. Y a e l  K a u f m  L T a l i  Ozeri, Ins t i tu te  of Henntology, Chaim 

Sheba Medical Center, Tel-Hasharer, Israel. 

A poss ib l e  involvement of t h e  Thy-1 molecule in activation of cytotaxic T-lynphccytes 
(CTL4 was investigated by tes t ing  the ef fec t  of G7, an a n t i  Thy-1 mnoclonal antibody (l), 
on the induction of specific k i l l i n g  and IL-2 secretion ac t iv i t i e s  of mry-l ike CTL 
hybridomas. W e  have used txm mnoclonal a - h y b r i d m s ,  PMMl and Md90+, which had been 
derived from fusions of the AKR-th- EW5147 w i t h  secondary CTL generated in vivo, o r  i n  
M U 3  culture. respectively. These hybridomas can be activated by l e c t i n s r a n t i g e n  to 
k i l l  t a r g e t  csl ls  s p e c i f i c a l l y  and t o  secrete lymphokines. G7 mAb was found t o  be a 
po ten t  inducer of c y t o l y t i c  a c t i v i t y  and IL-2 production, being e f f i c i e n t  as Con A o r  
antigen-presenting cells. Thus, fo l lowing  20 hours of exposure t o  G7, P M M l  o r  Md90+ 
p r o l i f e r a t i o n  w a s  p a r t i a l l y  blocked whi le  t h e i r  IL-2 s ec re t ion  and s p e c i f i c  l y t i c  
a c t i v i t i e s  were induced. However, between 10  t o  100 f o l d  G7 was required to  induce 
secretion, sugqesting the existence of different induction mechanisms for  cytotoxicity and 
lymphokine sec re t ion  i n  a b i func t iona l  CTL. In  con t r a s t  t o  it 's a b i l i t y  t o  induce 
cy to tox ic i ty ,  G7 had no e f f e c t  on t h e  l y t i c  phase i t s e l f .  A conventional a n t i  Thy-1 
antibody d id  not  a c t i v a t e  these  hybridomas. Taken toge ther ,  t h e  da t a  ind ica t e  t h a t  a t  
l eas t  the G7 epitope of Thy-1 1s somehckv associated with the T - c e l l  receptor of the CTL 
hybridomas. 1. Gunter, K.C., Malek, T.R. & Shevach, E.M. (1984) J. Exp. Med. 159, 716. 
Supported by the I s r a e l i  Academy of Sciences. 

~ 1 0 7  CHARACTERIZATION O F  HUMAN CYTOTOXIC T C E L L  LINES REACTIVE WITH PANCREATIC ADENOCAR- 
CINOMA CELLS. Lindsey A.  Kerr, Olivera J .  Finn and Richard S .  Metzgar. Dept. o f  
Microbiology & Immunology, Duke University Medical Center, Durham, N C  27710. 

Since i t  i s  impractical t o  study an autologous in  v i t r o  response i n  pancreat ic  cancer pa- 
t i e n t s ,  we evaluated the c e l l u l a r  cytotoxic  responses o f  these  pa t ien ts  t o  a l logeneic  pan- 
c r e a t i c  tumor ce l l  l i n e s .  Lymph node c e l l s  from 10 pa t ien ts  w i t h  pancreat ic  carcinoma have 
been es tab l i shed  i n  cul ture  and maintained on IL-2 containing media u p  t o  s i x  months. They 
were s t imulated biweekly w i t h  one o f  three al logeneic  pancreat ic  tumor ce l l  l i n e s  ( H P A F ,  
T3M4 o r  CAPAN) .  
s t r a t e d  t h a t  these l i n e s  were heterogenous. For example, c e l l s  i n  cu l ture  f o r  42 days from 
one donor, and s t imulated with T3M4 c e l l s  were 98% T3+, 249: T4+, 72% T 8 + ,  2% Leu 11+, 4 %  
Leu 7+ ,  97% H L A - D R + ,  and 467: were react ive with an antibody t o  t h e  IL-2 receptor .  The 
a b i l i t y  of antigen act ivated IL-2 dependent l ines  from f ive  donors t o  k i l l  tumor ta rge ts  
was evaluated by 51Chromium re lease  assay using CAPAN, T3M4 and HPAF c e l l s  as s p e c i f i c  t u -  
mor ta rge ts  along w i t h  the  N K  t a r g e t  K562, a T ce l l  l i n e  Molt 4 ,  and a melanoma l i n e  SK-MEC- 
28. 
grea t ly  enhanced w i t h  40-80:; l y s i s  noted. 
ce l l  l i n e ,  nor enriched N K  e f f e c t o r  c e l l s  could e f fec t ive ly  lyse pancreat ic  tumor c e l l  t a r -  
g e t s .  The data  suggests t h a t  the cytotoxic  a c t i v i t y  noted w i t h  long-term IL-2 cul tured 
c e l l s  from pancreatic tumor pa t ien ts  s t imulated with al logeneic  tumor c e l l s  i s  not due t o  
N K  o r  L A K  c e l l s ,  and may be due t o  a s p e c i f i c  T c e l l  recognition of t a r g e t  antigen. 

Phenotypic analyses of long-term cul tures  w i t h  cytotoxi c a c t i v i t y  demon- 

After  one month i n  cu l ture ,  k i l l i n g  o f  some of the pancreat ic  tumor ce l l  l i n e s  was 
Neither a cloned a l loreac t ive  cytotoxic  human T 

GI08 DNA DAMPGE OF T A G 3  CELLS I ~ Y  CY'D3LYTI C T-CELL GRANULES P. J. Konigsberg and 
Zcckhard R. Fcdack, Ee-t of Microbiolcqy/Innnxmlqy, New York Medical College, 

V a l h a l l a ,  NY 10595. 
Cytolytic granules isolated from cloned lines of cytolytic T and natural k i l l e r  

cells cause rapid, calcium dependent l y s i s  of ta rge t  cells through the action of pre 
forming proteins designated Perforins(P1) (1). Granules, in addition, mnta in  ac t iv i t i e s  
that d i a t e  degradation and release of DNA fran labeled target nuclei. 
ac t iv i ty  is essentially identical  i n  its p r o p r t i e s  to that described previously by Fussell 
g g ( 2 )  using in t ac t  alloreactIve CI'L. DNA damge is not caused by the  perforins because: 
1. Isolated P1  although cytolytically active, does mt m g e  DNA. 2 .  Slcw DNA damage by 
granules can still be detected after inactivation of perforins by preincubation w i t h  Ca++ 
or  in  serum containing &im. 
mediated by a ly@mtoxin-like mlecule. 
within 48 hours. 
mncclonal antibodies to ly@mtxxinfprovided by Genentech, Inc.) . 

The presence of the p re fo rming  perforin ac t iv i ty  wether with the DNA W g i n g  lym 
photoxm-like ac t iv i ty  in the  samz organelle may suggest synergism between these cytotoxic 
proteins anci that the pre  forming ac t iv i ty  serves as a delivery systen for  the DNA degrad- 
ing factors. 
(1) Pdack, E.R. ,  a d  Kofligsberg, P.J., 1984, J. Exp. W. 160, 695-710 
( 2 ;  Russell, J.H, msakcwski, V.R., and m s ,  C.R., J. lmmuml. 124, 1100-1105 

This DNA damging 

It is suggested that DNA W g e  by isolated granules is 
Granules k i l l  the  lymphotoxin sensit ive l i ne  L929 

"his killing ac t iv i ty  is partly inhibited by preincubating granules w i t h  
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GI09 PRIMING A N D  TRIGGERING OF TUMORICIDAL AND SCHISTOSOMULICIDAL MACROPHAGES BY TWO 
SEQUENTIAL LYMPHQKINE SIGNALS: INTERFERON-GAMMA A N D  MACROPHAGE CYTOTOXICITY 
INDUCING FACTOR 2 ,  Peter  H.Krammer, Claire  F.Kubelka, Werner Falk and Andreas 
Ruppel, I n s t i t u t e  f o r  Immunology and Genetics, German Cancer Research Center, 
Heidelberg, FRG 

We found a new lymphokine, macrophage cytotoxici ty  inducing fac tor  2 (MCIFZ), i n  the  
mitogen-induced supernatant of a murine T c e l l  clone in  longterm cul ture .  MCIFZ has the 

following propert ies :  1) i t  e lu tes  from a Sephadex G 100 column in three molecular weight 
forms (10, 34, 100 KD); 2 )  i t  i s  ac id- lab i le  (pH 2 to  4 )  and heat-sensi t ive (80 min a t  
56oC); 3) i t  i s  not cons t i tu t ive ly  secreted,  coexis ts  i n  the  same supernatant with immune 
interferon (IFN-r), and synergizes with IFN-r for  induction of tumoricidal and  schistoso- 
mulicidal res ident  peritoneal mouse macrophages. We could uncouple t h i s  synergy by a new 
monoclonal anti-IFN-rantibody and showed tha t  IFN-rserves as the f i r s t  ("priming") and 
MCIFP as the second (" t r igger ing")  signal f o r  macrophage act ivat ion.  Application of the 
lymphokines in  the reverse order was ineffect ive.  These data demonstrate f o r  the f i r s t  
time a two-step mechanism of macrophage ac t iva t ion  by two (physiological)  lymphokine 
s igna ls .  On the  basis  of the determination of the mechanism of macrophage ac t iva t ion  f o r  
tumor ce l l  k i l l i n g  and k i l l i n g  of the paras i te  Schistosoma mansoni i n  v i t r o  we showed t h a t  
IFN-rplus MCIF2 a r e  a l s o  ac t ive  in vivo. These data may helpdunders- the ro le  of 
m a c r o K e s  i n  cancer and infectxu-seases. 

GI10 A METHOD TO ISOLATE SUBSET-SPECIFIC T-CELL cDNA CLONES, Byoung Kwon*, Gwan Kim*, 
Michael Prystowsky+, Daniel Sabath+, Frank Fitcht and Sherman Weissmanl. *Molecular 

Genetics Laboratory, Guthrie Research Institute, Sayre, PA 18840. +Department of Pathology 
and Laboratory of Medicine, University of Pennsylvania, 36th & Hamilton Walk, Philadelphia, 
PA 19104, aepartment of Pathology, The University of Chicago, Chicago, IL 60637. §Depart- 
ment of  Human Genetics, Yale University, 333 Cedar Street, New Haven, CT 06510, 

A protocol which allowed u s  to isolate subset-specific cDNA's exhaustively has been deve- 
loped. The method was to take advantage of cloned T-lymphocytes, low background cloning 
vector AgtlO and differential screening in a systematic manner. cDNA libraries for con 
A-stimulated murine helper and cytolytic T-cell clones were prepared using hgtlO as a clo- 
ning vector. A large number of helper (L2) and cytolytic T-cell (L3) cDNA clones which 
were not expressed in B-lymphocyte were isolated. The cDNA clones were classified again 
into helper T-specific and cytolytic T-specific species, Initial characterization of 
some of the helper and cytolytic T-cell-specific cDNA clones will be presented. 

GI11 ROLE OF 93LuBIE: CrroToXIC FAcpoRs IN ANTIBODY DEPENDENT CELLULM cl"r0XICITy (&EX); 
IlGQLVJ3Q3?T OF NK Fc-RDCEPTORS: Iaura T. LeW, Susan C. Wright, G. 
and B. Bonavida 
Institute, PhilAdelphia, PA 19104. 

Trinc$ieri* 
UCLA Schml of Medicine, IDS Angeles, CA 90024 and V h e  i q l s t a r  

Our labaratory has inplicated the role of cytotoxic factors (NKCF) in the lytic nechanism 
of Natural killer cell mediated cytotoxicity ( W e ) .  
cell level, that NK and ?UXC effector cells are overlapping. Here w.? investigate whether 
Accc and NK cytotoxic reactions share the same lytic pathway. 
antibody axted target cell for Accc stimlnted NKcF from the effector ell k y  its 
interaction with the Fc receptor. 
either anti- mated NK-insensitive target cells, bovine game globulin or NK Fc- 
receptor specific rrauxllonal antiboay (B73.1). Supernatants derived frcm these cultures 
mediated cytotoxic activity against NK sensitive target cells in 20 hour 51Cr release 
assays. The target cell specificity of the cytotoxic factors pxralleled that of W, in 
that only NK sensitive cells e r e  lysed. 
resistant variant, U r n .  Mthough resistant to lysis by NKISF, U9uR was still lysed in an 
Accc reaction. 
rmlated an N K / m  effector cells, h e v e r ,  in ?UXC, we pr-e that antikdy serves to 
induce lytic suseptability of NKCF resistant cells. Thus, NK and ?DX effector cells m y  
share a m m ~ n  pathway in the release of NKCF but, after factor release, steps inwlved in 
lysing anti- ooated targets differ f r a n  NK tarqet lysis. 

We have also shm, at the single- 

We examined whether the 

Humm priferal b l d  lynphoqtes =re stimlated w i t h  

In subsequent experiments we tested the NK 

These results dermnstrate that NKCF is released when Fc-Receptors are sti- 
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GI12 IMMUNE CLEARANCE OF LIPOSOMES INHIBITED BY AN ANTI-Fc RECEPTOR ANTIBODY IN VIVO, 
L.D. Leserman1r2 D. Aragnoll, Centre d'Immunologie INSERM-CNRS de Marseille-Luminy, 
Case 906, 13288 Marseille cedex 9, France', and Department of Genetics, Stanford 
University School of Medicine, Stanford, CA 94305, USA'. 

A major problem in the use of targeted therapies 1s that of access to the target cells, 
even when these cells are accessible to the circulatlon. These barriers include cells of 
the reticule-endothelial system, which are speciallzed in the removal of circulating 
particles. In a study designed to evaluate the potential for in vlvo manipulation of the 
circulation and of the tissue distribution of injected liposomes, mice were passivelv 
injected with anti-DNP monoclonal antibidies of the IgGZa or IgGZb subclasses, or were 
immunized with the nitrophenyl hapten bound to a protein carrier. 
intravenously with 1251 and carbosyfluorescein-labeled, DNP-bearinq liposomes. 
time of the DNP-bearing liposomes was markedly reduced in both actively and passively 
immune mice, with increased deposition of liposomes inthe liver. The increased clearance 
of liposomes could be abrogated by injection of a monoclonal antibody directed against the 
murine IgG Fc receptor (2.4G2i. 
reagents in the face of an immune response may be modified by specific immunologic 
manipulation in vivo. 

They were then inlected 
Circulation 

Tne results suggest that clearance of liqand-bearlng 

6113 ACTIVATED B LYMPHOCYTES FROM MAMMARY TUMOR BEARING MICE EFFECT HIGH LEVELS OF ANTI- 
BODY DEPENDENT CELLULAR C Y T O T O X I C I T Y ,  Diana M. Lopez, Ranga R .  Padmanabhan, Ronald 

D. Paul and L i l l y  Bourguignon, U n i v e r s i t y  o f  Miami School o f  Medicine, Miami, FL 33101 

Balb/c mice bear ing  mammary tumors e x e r t  h i g h  l e v e l s  o f  an t i body  dependent c e l l u l a r  c y t o t o x -  
i c i t y  (ADCC). I n  c o n t r a s t  w i t h  normal Ba lb /c ,  where t h i s  r e a c t i v i t y  i s  g r e a t l y  reduced a f t e r  
d e p l e t i o n  o f  macrophages, i n  tumor bearers  such procedure r e s u l t s  o n l y  i n  a modest decrease 
o f  ADCC l e v e l s .  
revea ls  t h a t  bo th  the  ny lon  adherent and ny lon  nonadherent c e l l s  a re  capable o f  a c t i n g  as 
ADCC e f f e c t o r s .  F luorescent  a c t i v a t e d  c e l l  s o r t i n g  o f  t he  ny lon  adherent c e l l s  based on the  
presence o f  immunoglobul in on t h e i r  surfaces demonstrates t h a t  a 97% pure popu la t i on  o f  B 
lymphocytes f rom tumor bearers  a re  e f f i c i e n t  med ia to rs  o f  t h i s  c y t o t o x i c i t y .  Pre t rea tment  
o f  normal mice sp lenocy tes  w i t h  t h e  m ic ro f i l amen t  d i s r u p t i n g  agent cy tocho las in  D r e s u l t s  i n  
l o s s  o f  t he  c e l l s '  a b i l i t y  t o  l y s e  the  ch icken r e d  b lood  c e l l  (CRBC) t a r g e t s ,  b u t  does n o t  
a f f e c t  t he  l e v e l s  o f  c y t o t o x i c i t y  of any of  t he  c e l l s  p repara t i ons  de r i ved  from tumor bear-  
i n g  mice. 
bearers  demonstrate c e l l s  e x h i b i t i n g  t h e  t y p i c a l  lymphocyte morphology b i n d i n g  t o  the  CREC. 
The nuc lea r  membrane o f  t he  t a r g e t  c e l l s  i n  these con jugates  appears t o  be d e s i n t e g r a t i n g  
w h i l e  the  cy top lasmic  membrane i s  s t i l l  i n t a c t .  These r e s u l t s  i n d i c a t e  t h a t  B c e l l s  a c t i -  
va ted  by the  tumor igen ic  process e x h i b i t  a p o t e n t i a l  t o  l y s e  an t i body  coated t a r g e t  c e l l s  
t h a t  may be m e c h a n i s t i c a l l y  d i f f e r e n t  f rom o t h e r  c y t o t o x i c i t y  reac t i ons .  

Fu r the r  separa t i on  o f  sp lenocy tes  f rom tumor bear ing  mice on ny lon  wool 

E l e c t r o n  mic roscop ic  s tud ies  o f  ny lon  adherent Slg+ lymphocytes f rom tumor 

6114 CYTOTOXIC KETO OLEIC ACIDS -RESIDENT INFLAMMAGENS IN HUMAN LUNG. 'Lynn, w.s., 
OLynn, D.G., 'Sachs, C. *Duke University Medical Center, Durham NC 27710 U.S.A. 
OUniversity of Chicago, IL 60637, U.S.A. 

Four cytotoxic keto elaidic acids, ( A  P,?,lO,ll) were found at postmortem to accumulate 
uniquely in airways of cotton workers. These cytotoxic fatty acids were not present in 
control subjects (cigarette users, cystic fibrosis) or in cigarettes or cotton dust. 
These acids are potent inflammagens which activate inflammatory cells to move and 
secrete, and trigger differentiation of promyelocytes. Studies on the mechanism of 
these effects indicate that the fatty acids initiate profound alterations in lipid 
metabolism of promyelocytes. Turnover of fatty acids in phosphotidylcholine, 
phosphoinositides and triglycerides are increased with the result that diacylglycerols 
accumulate. These diglycerides, once isolated, mimic the actions of the keto elaidic 
acids, both on differentiation and on mature inflammatory cells. Using labelled keto 
elaidic acids, rates of turnover of these acids into various lipids of inflammatory 
cells are rapid, especially in phosphoinositides. Considerable amounts of these keto 
acids are also present as ester lipids in alveolar macrophages (rabbits and humans). 
Thus, these potent mediators of inflammtion exist preformed in some inflammatory 
cells. 



Membrane-Mediated Cytotoxicity 

(3115 PROTEOGLYCANS IN CELL-MEDIATED CYTOTOXICITY. IDENTIFICATION, LOCALIZATION, AND 
EXOCYTOSIS OF A CHONDROITIN SULFATE PROTEOGLYCAN FROM HUMAN CLONED NATURAL KILLER 

CELLS DURING TARGET CELL LYSIS. R.P. MacDermott, R.E. Schmidt, J.P. Caulfield, A. Hein, C.T. 
Bartley, J. Ritz, S.F. Schlossman, K.F. Austen, R.L. Stevens. Dana-Farber Cancer Inst., 
Harvard Medical School, Brigham and Women's Hospital, Boston, MA, 02115, and Washington 
U .v., St. Louis, MO, 63110. A clone of natural killer (NK) cells (JT 18) incorporated 
"S)sultate into proteoglycan mol&cules, which were resistant tn proteol!sis. The native 
15S-labeled proteoglycan and its S-labeled glycosaminoglycans migrated at M 200,000 and 
50,000 respectively. HPLC analysis revealed the disaccharides to be chondroifin sulfate A 
(glucuronic acid - N-acetylgalactosamin~~4SO 1. X-ray energy-dispersive analysis localized 
the proteoglycan in the NK granules. The S-libeled cloned NK cells incubated with 
K562 targets exocytosed a mean of 49% of the proteoglycans during the first 60 min, with 
maximal release 3t an effector/target cell ratio of 0 . 5 : 1 .  Significant proteoglycan release 
from JT 18 NK cells was obtained with other sensitive target cells (REX, Molt4, and CEM), 
but noB with cells which were resistant t o  killing (KG1 and Laz156). In cytotoxicity 
blocking studies with anti-LFA-1 or with anti-TNK to inhibit cytolysis by NKTa+ (Ti) NK 
clones at the target cell level, a concomitant i%!bition of proteoglycan release from NK 
effector cells was observed. Thus, protease-resistant intracellular proteoglycans with 
chondroitin sulfate A side chains are specifically exocytosed from the granules of human NK 
effector cells upon contact with sensitive targets, suggesting that these proteoglycans may 
be involved in the mechanism of cytotoxicity. 

(31 16 SiMiLARlTlES BETWEEN CTL AND B CELL LFA-1-DEPENDENT ADHESIONS 
Eric Martz. Department of Mlcrobiology. Unlverslty of Massachusetts. 
Amherst MA 01003. 

LFA-1 appears to be a crucial adhesion moiecuie in CTL-mediated killing. We have 
previously characterized the initlal CTL-target adhesion step in  a murine system. 
In the present study. we have developed a new assay 10 characterlze the spontaneous 
homotyplc adheslons of cultured Epsteln-Barr transformed human B lymphocytes. Both 
adhesions are inhlbited by anti-LFA-1 antlbodies. require Mg+t. are no1 supported by 
Cat+. require metabolic energy. are temperature sensitive. and are inhibited by 
cylochaiasln B. Others have reported that the adhesions of rat lymphocytes to hlgh 
endothelium are Ca++-dependent. and inhibited by mannose-6-phosphate and fucoidan. 
The latter agents do not inhibit B cel l  adheslons. Hence CTL-rarget and B-B cel l  
adheslons are slmllar. and dif ferent from T-endothel ium adhesions. SInce the 
cu l tured B cel ls  are easier than CTL lo prepare In i a rge  quantlty. and their 
adhesions are easler to assay, we p lan to use this system to investigate the 
molecular mechanlsm of the LFA-1-dependent adhesion involved In T cell Interactions 
Including CTL-mediated kliiing 

(3117 DNAase ACTIVITY IN CYTOPLASMIC GRANULES OF CYTOTOXIC LYMPHOCYTES (LGL AND CTL). 
W.E. !4unger, *C.W. Reynolds, and P.A. Henkart. Immunology Branch, NCI, Bethesda, 
MD 20892 and *Biological Response Ilodifiers Program, NCI, Frederick, MD 21701. 

Target cells lysed by large granular lymphocytes (LGL) and cytolytic T lymphocytes (CTL) 
undergo rapid nuclear DNA breakdown. To see if granule exocytosis of a DNAase as well as 
the pore-forming cytolysin could account for this, we have examined purified cytoplasmic 
granules from various lymphoid cells for DNAase activity. Measured by 1251-UdR DNA release 
f r o m  isolated nuclei under physiologic conditions, rat LGL and murine CTL granules contain 
high levels of DNAase activity; in contrast, most non-cytotoxic lymphoid cells contain only 
low levels of granule-associated nuclease activity. Only killer cell granules (which con- 
tain both cytolysin and DNAase) mediate both cell lysis and DNA release when tested 
against whole target cells. The released DNA displays extensive fragmentation when electro- 
phoresed on agarose gels, confirming the presence of 9NAase activity. Granule-mediated DNA 
breakdown is inhibited by zinc as reported f o r  killer lymphocyte-mediated DNA breakdown 
in target cells. The granule enzyme is separable from the cytolysin by column chromato- 
graphy. In addition to the above DNAase which mediates DNA breakdown in isolated nuclei at 
neutral pH, granule extracts also degrade purified DNA via a lysosomal, low pli optimum 
DNAase activity. Overall. these results support a granule exocytosis model in which killer 
lymphocytes in close contact with targets attack them by secreting the contents of cyto- 
plasmic granules. One granule component, cytolysin, forms a lytic pore through which the 
DNAase(s) pass, creating additional damage to the target cell nucleus. 
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6118 COMPARISON OF MECHANISM OF CYTOLYSIS OF COMPLEMENT, CYTOLYSIN AND CYTOXINS ON 
CELLS BY DIGITAL VIDEO MICROSCOPY. Mary E. N e v i l l e * ,  Stan Z ie tz*+  and J e r i  Lawing*. E. 
I .  du Pont de  Nemours, Cen t ra l  Research and Developnent, Glenolden, PA 19036* and Drexel  
U n i v e r s i t y ,  Oept. o f  Mathematics and Computer Science, Ph i l ade lph ia ,  PA 19104'. 

Our i n v e s t i g a t i o n s  us ing  d i g i t a l  v ideo microscopy (DVM) suggest t h a t  one o f  t h e  e a r l i e s t  
events i n  lymphocyte-mediated c y t o l y s i s  i s  d i s r u p t i o n  o f  nuc lear /chromat in  (N/Ch) 
o rgan iza t i on .  
shown t o  ill NK-sens i t i ve  c e l l s .  Two o t h e r  s o l u b l e  c y t o l y t i c  f a c t o r s  a re  complement and 
c y t o l y s i n  . 50th  molecules a re  thought  t o  k i l l  c e l l s  by c r e a t i n g  pores i n  t h e i r  plasma 
membranes caus ing  death  by  osmot ic shock. 
o f  c y t o l y s i n s  and complement us ing  DVM. 
w i t h i n  minu tes  a f t e r  a d d i t i o n  and a f t e r  4 h r s  caused d i s r u p t i o n  of N/Ch s t r u c t u r e  w i thou t  
d e s t r u c t i o n  O F  t he  plasma membrane as measured by  t r y p a n  b l u e  and naptho l  yel low-S 
s t a i n i n g .  I n  cons t ras t ,  c y t o l y s i s  and ccinplement caused d i s r u p t i o n  o f  t h e  plasma membrane 
w i t h  some s w e l l i n g  o f  t h e  n u c l e i  w i thou t  N/Ch d i s r u p t i o n .  
c y t o x i n s  may k i l l  i n  a manner analogous t o  c y t o t o x i c  lymphocytes by  d i s r u p t i n g  N/Ch 
s t r u c t u r e s  w h i l e  c y t o l y s i n  k i l l  by a mechanism s i m i l a r  t o  complement. 

'P.J. M i l l a r d ,  M.P. Henkart ,  G.W. Reynolds and P.A. Henkart .  

Th i s  e f f e c t  may be caused by  s o l u b l e  p r o t e i n s ,  cy tox ins ,  which we have 

!. 
i y t o l y s i s  o f  c y t o x i n s  was compared t o  c y t o l y s i s  

Cy tox ins  caused changes i n  N/Ch o r g a n i z a t i o n  

These r e s u l t s  suggest t h a t  

J.  Immunol. 132:3197 

GI19 THE ROLX OF N-LINKED CLYCOPROTEINS I N  NK CELL HEDLATED CYTOLYSIS. T.N. Oeltmann 
and  U.H. Chambers. V a n d e r b i l t  U n i v e r s i t y ,  N a s h v i l l e ,  TN 37232 

The e f f e c t s  o f  i n h i b i t o r s  of N-linked g l y c o p r o t e i n  p r o c e s s i n g  were examined i n  c e l l s  in -  
vo lved  i n  n a t u r a l  c e l l - m e d i a t e d  c y t o t o x i c i t y  (NCMC). P r e t r e a t m e n t  of non-adherent  p e r i p h -  
e r a l  blood mononuclear l e u k o c y t e s  (PBL) w i t h  tun icamycin  f o r  1 8  h o u r s  was shown t o  i n h i b i t  
l y t i c  a c t i v i t y  a g a i n s t  K-562 t a r g e t  c e l l s .  C o n c e n t r a t i o n s  of t h e  i n h i b i t o r  t h a t  were e f f e c -  
t i v e  i n  i n h i b i t i n g  NCMC ( 2 . 5  - 5.0 g /ml)  a l s o  a l t e r e d  g l y c o p r o t e i n  p r o c e s s i n g  as measured 
by  i n c o r p o r a t i o n  of 2[3H]-mannose. However, p r o t e i n  s y n t h e s i s  i n  t h e s e  c e l l s  w a s  a l so  
i n h i b i t e d  by a s  much a s  50% a s  measured by i n c o r p o r a t i o n  of f14C]- labe led  amino a c i d s .  
Cas tanospermine  i n h i b i t e d  NCMC a t  0 . 1  and 0.01 gfml  a f t e r  18 h o u r s  of p r e t r e a t m e n t .  Pro- 
c e s s i n g  o f  mannose-conta in ing  o l i g o s a c c h a r i d e s  was a l t e r e d  i n  c a s t a n o s p e r m i n e  t r e a t e d  PBL; 
however,  p r o t e i n  s y n t h e s i s  was a l s o  i n h i b i t e d  by 30%. P r e t r e a t m e n t  of PBL w i t h  s w a i n s o n i n e  
(18  h o u r s )  a t  0.1 and O / O l  g/ml i n h i b i t e d  l y s i s  of K-562 t a r g e t  cells .  P r o c e s s i n g  of 
mannose c o n t a i n i n g  o l i g o s a c c h a r i d e s  was a l t e r e d  i n  s w a i n s o n i n e  t r e a t e d  PBL; however p r o t e i n  
s y n t h e s i s  was n o t  i n h i b i t e d .  P r e t r e a t m e n t  o f  PBL w i t h  c a s t a n o s p e r m i n e  o r  s w a i n s o n i n e  (18  
h o u r s )  had n o  e r f e c t  on t a r g e t  c e l l  : e f f e c t o r  c e l l  c o n j u g a t e  f o r m a t i o n .  P r e t r e a t m e n t  o f  K- 
562 t a r g e t  c e l l 3  w i t h  c a s t a n o s p e r m i n e  O K  s w a i n s o n i n e  d i d  n o t  change t h e i r  s u s c e p t i b i l i t y  t o  
l y s i s  by PBL. r h e s e  r e s u l t s  s u g g e s t  t h a t  N-linked g l y c o p r o t e i n ( s )  a r e  i n v o l v e d  i n  NCMC a t  
t h e  e f f e c t o r  c e l l  l e v e l  i n  a t  l e a s t  one p o s t - c o n j u g a t i o n a l  s t e p .  

GI20 MECHANISM OF CYTOTOXICITY BY MOUSE NATURAL CYTOTOXIC NC CELLS: .MEDIATION BY TUMOR 
NECROSIS FACTOR (TNF). John R. O r t a l d o ,  L l e w e l l y n  Mason, Bonnie J. Mathieson ,  
Shu-Mei Liang*. David A. F l i c k t  and Ronald B. Herberman, BTB. BRMP, DCT, NCI-FCRF, 

21701, *Biogen S.A.,  Geneva, S w i t z e r l a n d  and + U n i v e r s i t y  o f  F l o r i d a  C o l l e g e  F r e d e r i c k ,  MD 
of Medic ine ,  Dept. Immunology and  Medica l  M i c r o b i o l o g y ,  G a i n e s v i l l e ,  FL 32610 

N a t u r a l  c e l l  media ted  a c t i v i t y  i n  t h e  mouse h a s  been a s s o c i a t e d  w i t h  two f u n c t i o n a l l y  and  
p h e n o t y p i c a l l y  d i f f e r e n t  t y p e s  o f  e f f e c t o r  c e l l s ,  t h e  n a t u r a l  k i l l e r  (NK) c e l l  and t h e  
n a t u r a l  c y t o t o x i c  (NC) ce l l .  
a c t i v i t y  i s  t h e  YAC-1 lymphoma ce l l  l i n e ,  whereas  t h e  WEHI-164 cel ls  a r e  used  a s  t h e  t a r g e t  
t o  s e l e c t i v e l y  measure  NC a c t i v i t y .  Dur ing  s t u d i e s  a n a l y z i n g  t h e  mechanism o f  c y t o t o x i c  
m o l e c u l e s  i n v o l v e d  i n  NK c y t o t o x i c i t y ,  i t  became e v i d e n t  t h a t  WEHI-164 cel ls ,  t h e  p r o t o t y p e  
t a r g e t  f o r  NC cel ls ,  were h i g h l y  s u s c e p t i b l e  t o  t h e  d i r e c t  l y s i s  by human and mouse 
recombinant  TNF. F u r t h e r  s t u d i e s  have  shown t h a t  NC b u t  n o t  NK a c t i v i t i e s  media ted  by 
normal mouse s p l e n o c y t e s  w e r e  c o m p l e t e l y  a b r o g a t e d  by i n c l u s i o n  of r a b b i t  a n t i b o d i e s  t o  
e i t h e r  recombinant  o r  n a t u r a l  TNF. This i n h i b i t i o n  w a s  n o t  s e e n  by normal r a b b i t  serum. 
Thus t h e  a c t i v i t y  d e f i n e d  a s  NC a p p e a r s  t o  be  due  t o  TNF r e l e a s e  by a s u b s e t  of normal  
s p l e e n  c e l l s .  These r e s u l t s  p r o v i d e  new i n f o r m a t i o n  r e g a r d i n g  t h e  mechanism of c y t o t o x -  
i c i t y  of t h e  mouse NC cell .  These d a t a ,  as w e l l  a s  p r e v i o u s  r e p o r t s ,  p r o v i d e  e v i d e n c e  
t h a t  t h e  TNF r e l e a s e  from cells,  presumably  i n  t h e  macrophage/monocyte l i n e a g e ,  a c c o u n t s  
f o r  t h e  N C  a c t i v i t y  observed  i n  murine s p l e e n  and bone marrow cells. 

The p r o t o t y p e  t a r g e t  c e l l  f o r  t h e  d e t e c t i o n  of mouse NK 

89 
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6121 IN  V I V O  OR IN VITRO SELECTION FOR RESISTANCE TO NATURAL CYTOTOXIC CELL LYSIS 

John L e s l i e  C o l l i n s  and Me lv in  Cohn, The Salk I n s t i t u t e ,  P.O. Box 85800, San Dieqo, CA 92103 
SELECT5 FOR VARIANTS WITH INCREASED TUMORIGENICITY, Paul Q. Patek, Ying L in ,  

Experiments were designed t o  t e s t  t h e  hypothesis t h a t  t ransformed ce l l ;  which a re  
NC-sensi t ive mu i t  escape NC a c t i v i t y  if they are  t o  grow as tumors i n  normal i n d i v i d u a l s .  
NC-res is tan t  v a r i a n t s  were se lec ted ,  e i t h e r  i n  v i v o  or  ic v i t r o ,  F o m  NC-sensi t ive c e l l  
l i n e s  which grow as tumors i n  imnune d e f i c i e n t  mice bu t  no t  i n n g e n e i c  normal mice. The 
t u m o r i g e n i c i t y  of c loned NC-res is tan t  v a r i a n t s  was compared t o  the  pa ren ta l  c e l l  l i n e s  and 
t o  c e l l  l i n e s  which went th rough the  s e l e c t i o n  procedure bu t ,  a f t e r  c lon ing ,  remained 
NC -sens i t i  ve . 

Cloned NC-res is tan t  c e l l  l i n e s ,  de r i ved  from tumors t h a t  developed i n  x - i r r a d i a t e d  nude 
mice f o l l o w i n g  t h e  i n j e c t i o n  o f  an NC-sensi t ive c e l l  l i n e .  a re  tumor igen ic  i n  normal mice 
wh i l e  c loned NC-sens i t i ve  c e l l  l i n e s ,  de r i ved  from the  same tumors, a re  unable t o  grow as 
tumors  i n  n o r n a l  m ice .  S i m i l a r l y ,  s i x  o f  seven N C - r e s i s t a n t  c l o n e d  c e l l  l i n e s ,  
independent ly  i s o l a t e d  a f t e r  i n  v i t r o  s e l e c t i o n  f o r  NC-resistance, a re  tumor igen ic  i n  normal 
mice, wh i l e  c loned NC-sensizv-11 l i n e s  i s o l a t e d  from t h e  same i n  v i t r o  se lec ted  
popu la t i ons  a re  no t  tumor igen ic  i n  normal mice. 

Thus. e i t h y  the  i n  v i v o  o r  i n  v i t r o  s e l e c t i o n  o f  NC-res is tan t  c e l l s  se lec ts  f o r  c e l l s  
tumor igen ic  i n  normal mice; these f i n d i n g s ,  along w i t h  our  p rev ious  observa t ions  t h a t  
s e l e c t i o n  f o r  c e l l s  t u m o r i g e n i c  i n  normal  m ice  s e l e c t s  f o r  N C - r e s i s t a n c e ,  p r o v i d e s  
compel l ing  evidence t h a t  escape from NC a c t i v i t y  i s  requ i red  before some transformed c e l l s  
can grow as tumors i n  normal mice. 

GI22 INTRACELLULAR REOVIRUSES SURVIVE CTL-MEDIATED LYSIS OF THEIR HOST CELL 
Donna M. P e t e r s ,  E r i c  Mar tz ,  Un ive r s i ty  of Massachuse t t s ,  Amherst, MA. 01002. 

CTL induce r a p i d ,  ex tens ive  i n t e r n a l  d i s i n t e g r a t i o n  i n  t a r g e t  c e l l s  and t h i s  is  unique 
among immune l y t i c  mechanisms s tud ied .  This  r a i s e s  a ques t ion  as t o  whether CTL are 
uniquely  capab le  of h a l t i n g  v i r u s  i n f e c t i o n s  by inducing i n t e r n a l  damage r e s u l t i n g  i n  
i n a c t i v a t i o n  of i n t r a c e l l u l a r  v i r u s .  Mouse P815 c e l l s  were i n f e c t e d  wi th  r eov i rus .  The 
v i r u s  i n f e c t i o n  k i l l s  t h e  hos t  cel ls  a t  about 2 days .  The i n f e c t i o u s  a c t i v i t y  (measured 
by PFU) was compared between hos t  c e l l s  k i l l e d  by CTL vs  son ica t ion  a t  va r ious  po in t s  i n  
the  i n f e c t i o n  c y c l e  of t h e  hos t  c e l l .  Resu l t s  i n d i c a t e  t h a t  CTL a r e  incapab le  of 
i n a c t i v a t i n g  i n t r a c e l l u l a r  r eov i rus  a t  any poin t  in t h e  l i f e  c y c l e  of t h e  v i r u s  wi th in  
t h e  h o s t .  

G123 STUDIES ON THE MECHANISM(S) OF DECREASED NK ACTIVITY IN  THE SPLEENS OF MAMMARY 
TUMOR BEARING M I C E ,  Lourdes M. Rivera,  Ronald D. Paul and Diana M. Lopez, U n i v e r s i t y  
of  Miami School o f  Medicine, Miami, FL 33101 

Mice bear ing  a chemica l l y  induced mammary adenocarcinoma e x h i b i t  a s i g n i f i c a n t  decrease i n  
s p l e n i c  n a t u r a l  k i l l e r  c e l l  (NK) a c t i v i t y  as measured by 51Cr re lease  assay. Th is  decrease 
i s  ev iden t  as e a r l y  as two weeks p o s t  i n o c u l a t i o n  o f  t he  tumor and p e r s i s t s  u n t i l  t he  death 
o f  t he  animal 5-6 weeks l a t e r .  Since we have p r e v i o u s l y  descr ibed an enhancement o f  a n t i -  
body dependent c e l l u l a r  c y t o t o x i c i t y  (ADCC) i n  the  ny lon  nonadherent c e l l s  o f  tumor bear ing  
mice we exp lo red  the  p o s s i b i l i t y  t h a t  t he  d imin ished NK a c t i v i t y  may be r e l a t e d  t o  the  con- 
c u r r e n t  inc rease i n  ADCC. Large g ranu la r  lymphocyte (LGL) enr iched f r a c t i o n s  f rom d iscon-  
t i nuous  P e r c o l l  g rad ien ts  us ing  ny lon  nonadherent c e l l s  f rom normal mice e x h i b i t e d  enhanced 
l e v e l s  o f  ADCC. The LGL con ta in ing  prepara t ions  o f  tumor bearers,  however, d i d  n o t  have 
such an inc reased c y t o t o x i c  a c t i v i t y  b u t  ra the r ,  appeared t o  be r e s i d i n g  i n  the  f r a c t i o n s  
con ta in ing  smal l  lymphocytes. The a b i l i t y  o f  LGLs from spleens o f  tumor bear ing  mice t o  
b i n d  Yac-1 t a r g e t s  was analyzed. Al though by morpho log ica l  enumeration fewer LGLs were found 
i n  the  corresponding P e r c o l l  f r a c t i o n s  o f  t he  tumor bear ing  mice, a h ighe r  percentage o f  
these c e l l s  were capable o f  b i n d i n g  the  Yac-1 t a r g e t s  as compared t o  the  LGLs from t h e i r  
normal counterpar ts .  Th is  suggests an impairment i n  the  a b i l i t y  o f  these c e l l s  t o  d e l i v e r  
the  l e t h a l  h i t  t o  t h e i r  t a r g e t s  and/or a decrease i n  t h e i r  r e c y c l i n g  capac i t y .  
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GI24 hn\TuRAL KILLER (NK)-RFSISTA" 'RMOR W BEC7-E SUSCEPTIBLE T I  NK L E I S  UPON 
FUSIOY WITH RE CONS TI^ VESCICLES CCNTAI"G NK-SENSITIVE FIEMBRANE -. 
R o b e r t  C. Rmzemndl, Peter van der Gee$, and Benjamin Bomvida2- lLabaratory of 
Histology and C e l l  Biology, University of Rmsterdam, me Netherlands, aral 2UCL% 
Schcol of Micine, Los Angeles, CX 90024. 

Natural killer (NK) cells have been sham to be selective in their ability to lyse 
NK-sensitive target cells. 
possibilities such as lack of recognition structures, inability to pqram the NK cell, 
inherent resistance to lysis, etc. 'lb elucidate whether sensitivity tn lysis is a pro- 
perty of the nmbrane mnstitution of the NK-sensitive target, M investigated whether 
W-resistant targets beccme sensitive f o l l h g  fusion with reconstituted vesicles con- 
taining manbrane mnp3nents f r a n  the NK-sensitive target cell, sendai virus envelope gly- 
coproteins, & exogenous lipids. 
NI-resistant targets (both human and nurine) lzcane susceptible to NK Q.r i n  both short- 
term (&) & loq-term (1%) 5 k r  release assays. 
feud to depend an the rmmentration of reconstituted vesicles used i n  the fusion step. 
N o  effect was found when target cells %ere fused w i t h  vesicles vhich contained d r a n e  
constituents ierived f r a n  M<-resistant targets or NK-sensitive targets frun another spe- 
cies. mese results damnstrate that NK resistance of certain targets is a prcperty of 
the m r a n e  ccqmsition. The fusion appmch used, therefore, w i l l  allar detection and 
characterization of specific target mmbrane W n e n t s  involved in lysis. 

'parget cell resistance to NK cells my be due to one or nure 

'Ihe results of such experiments d-strate that 

me cytotoxic effect OIBXV~~ was 

GI25 MICROSPHERES CAN FOCUS THE CYTOTOXIC ACTION O F  ANTHRACYCLINE ANTI- 
BIOTICS TO THE PLASMA MEMBRANE. Kevin L. Ross, Jean-Claude Jard i lher  and Z o l t b  A. 

Tdk&s. Depar tment  of Biochemistry, Comprehensive C a n c e r  Center ,  University of Southern Cali- 
fornia,  Los Angeles, C A  90033 and  Insti tute Jem-Godinot,  University of Reims, Reims, France.  

Anthracycline antibiotics such  as the chemotherapeut ic  agent  Adriamycin, Adr, are known t o  
in te rca la te  in to  double s t randed  DNA, inhibit enzymes  involved i n  DNA and RNA synthesis, per turb  
subcellular organelles and alter membrane  functlons. Covalent a t t a c h m e n t  of anthracyclines t o  a solid 
support such as polyglutaraldehyde microspheres,  PGL, r e s t r i c t s  t h e  drug in te rac t ion  t o  t h e  cell 
surface.  These drug-microsphere complexes, Adr-PGL, are cytotoxic t o  human and murine tumor  
cells. Fluorescent microscopy and transmission electronmicroscopy establish tha t  Adr-PGL has  a high 
af f in i ty  f o r  t h e  cell sur face ,  cause extensive bleb format ion  and show no evidence of internalizatlon. 
Nuclear fluorescence occurs only with free Adr and cannot b e  d e t e c t e d  with Adr-PGL. The drug- 
polymer complexes are e f f e c t i v e  in killing cells with acquired resistance t o  f r e e  Adr. An inac t ive  
anthracycline analog becomes  cytotoxic when coupled t o  microspheres demonst ra t ing  that a new 
mechanism of drug ac t ion  is created.  Chromium-51 release studies,  Indicative of cell  membrane  
in tegr i ty ,  have shown that Adr-PGL can cause  damage more  rapidly t h a n  equal doses of f r e e  Adr. 
Long te rm exposurs  t o  f r e e  Adr results i n  t h e  gradual acquiring o f  resistance. However,  th i s  does not 
occur  with similar exposure t o  Adr-PGL, demonst ra t ing  tha t  ce l l s  cannot readily modify membrane  
functions leading t o  resistance. The exper iments  establish tha t  anthracycline drug action can b e  
res t r ic ted  to t h e  ce l l  sur face ,  providing a novel mechanism of cy to toxic i ty  for which t h e  cells cannot 
develop resistance.  

GI26 PURIFIED LYXPHOTOXIN (LT) FROM CLASS I RESTXCTED CLTs AND CLASS I1 RESTRICTED 
CYTOLYTIC KELPERS INDUCES TARGET CELL DNP3 FRAGMENTATIOX. N . 3 .  Ruddle,  Y. McGrath 
T. James , and D.S. Schmid. Yale U n i v e r s i t y  School of Medic ine ,  New IIaven, CT 

TNP-specific c y t o t o x i c  (Lyt  2 , c l a s s  I r e s t r i c t e d )  T c e l l s  s e c r e t e  lymphotoxin (LT) under 
a n t i g e n  o r  mitogen s t i i n u l a t i o n .  LT from t h e s e  cel ls  k i l l s  t a r g e t s  i n  4 h o u r s  i f  r a p i d l y  
i n t r o d u c e d  i n t o  t h e  cy toplasm u s i n g  an  osmot ic  t e c h n i q u e .  These CTLs i n i t i a t e  d i g e s t i o n  
of  t a r g e t  c e l l  DNA i n t o  d i s c r e t e l y  s i z e d  f ragments .  Lyt 1 , L3T4 ovalbumin s p e c i f i c  
h e l p e r  c l o n e s  secrete LT a f t e r  t r e a t m e n t  w i t h  mitogen or a n t i g e n  and c l a s s  I1 matched 
s p l e e n  cel ls .  
c l a s s  I1 r e s t r i c t e d  f a s h i o n  i f  OVA is  p r e s e n t e d  by t h e  t a r g e t .  A 1 1  t h e s e  c l o n e s  s t a i n  
p o s i t i v e l y  w i t h  a n t i g r a n u l e  a n t i b o d y  (Podack) a f t e r  s t i m u l a t i o n .  P u r i f i e d  LT d e r i v e d  
from a c t i v a t e d  T ce l l  c l o n e s  i n d u c e s  t a r g e t  c e l l  DNA f r a g m e n t a t i o n  i n  a s i m i l a r  p a t t e r n  
over  an  ex tended  time c o u r s e  ( 2 4  h o u r s ) .  Recombinant d e r i v e d  tumor n e c r o s i s  f a c t o r  (TNF) 
a l s o  i n d u c e s  t a r g e t  DNA f r a g m e n t a t i o n .  I n t e r f e r o n  (IFN) d o e s  n o t .  Combinations of 
lymphokines (LT and IFN) (TNF and IFN) media te  DNA f r a g m e n t a t i o n  t o  t h e  same d e g r e e  as 
LT or TNF a l o n e .  The d a t a  s u g g e s t  t h a t  c y t o t o x i c  and h e l p e r  T cel ls  w i t h  c y t o l y t i c  
a c t i v i t y  u s e  LT as a k i l l i n 2  s u b s t a n c e .  D i f f e r e n c e s  i n  time c o u r s e  and t a r g e t  c e l l  
s p e c i f i c i t y  between c e l l  media ted  and lymphotoxin k i l l i n g  may r e f l e c t  d i f f e r e n c e s  i n  t h e  
imode of t o x i n  d e l i v e r y .  

These ce l l s  a l s o  c a u s e  r a p i d  51 Cr release and DNA f r a g m e n t a t i o n  i n  a 

Suppor ted  by NCI CA-16885, CP. 32447 and a arn i i t  from t h e  Cancer Research I n s t .  
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GI27 SIGNALLING INVOLVED IN STIMULA'I'ION OF INTERLEUKIN SYNTHESIS A N D  IN 
INDUCTION OF CYTOLYTIC ACTIVITY IN A CYTOLYTIC T CELL CLONE (CTL), Anne- 

Marie Schmitt-Verhulst, Claude Boyer, Annick Guimezanes, Christine Hua, Francoise Albert and Michael 
Buferne, Centre d'lmmunologie, INSERM-CHRS de Marseille-Luminy, FRANCE. 

The activation of a mouse alloreactive H-21hpecif ic  CTL clone, as measured b y 8  interferon (8 
IFN) secretion or by lysis of alloantigen expressing or irrelevant target cells, was studied by stimulation 
wi th  the alloantigen or an anti-clonotypic (anti-Ti) monoclonal antibody (mAb) in  different forms, either 
cell-free, or cell-associated. Conditions that stimulated the CTL for production of IFN included: T 
cell receptor triggering wi th  cell associated H-21ib or wi th  soluble IgG2a anti-Ti mAb or its F(ab')2 
fragment, but not its Fab fragment. The phorbol ester PMA substrate of Protein Kinase C, acted as a 
cofactor increasing the efficiency of cell-associated H-ZKg, or anti-Ti mAb mediated activation. Ti- 
mediated activation was bypassed by the synergistic action of a Ca++ ionophore and PMA, but not wi th  
either component alone. Specific CTL activity was obtained when the CTL interacted with H-ZKb 
expressing cells or with the hybridorna cells expressing surface immunoglobulin specific for the Ti, but 
not when it interacted with hybridoma cells expressing surface immunoglobulin specific for H-2 products 
of the CTL. Activation of non-specific CTL lytic activity toward the YAC target cell was obtained in 
the presence of the IgG2a anti-Ti rnAb, but not wi th  the F(ab')2, or the Fab fragment. PMA alone 
induced non-specific CTL activity, but did not ac t  as a cofactor for anti-Ti mediated activation. The 
results suggest that the T cell receptor (and/or asociated structures) is involved in signalling for both 
activation leading to cytolysis and stimulation of interleukin synthesis, but that the intracellular 
activation pathways may be distinct. 

GI28 TLiE RLCEPTORS INVOLVED I N  NON-SPKCIFIC KILLING BY CULTURED CYTOTOXIC T LYMPHOCYTES. 
Ken Shortman L Anne Wilson, The Wal te r  6 E l i z a  Hal l  I n s t i t u t e  o f  Medical Research ,  
? l e l b u m e ,  A u s t r a l i a .  

Although s p e c i f i c i t y  f o r  b o t h  f o r e i g n  a n t i g e n  a n d  s e l f  H-2 i s  a ha l lmark  o f  c y t o t o x i c  
'2 lymphocytes (CTL), t h e r e  a r e  now many examples  where c u l t u r e d  CTL k i l l  a wide r a n g e  o f  
t a r g e t  c e l l s  i n  a n o n - s p e c i f i c  manner. 
CTL i n  l i m i t - d i l u t i o n  c u l t u r e .  V i r t u a l l y  a l l  Ly 2 T cel ls  produce CTL-clones which a r e  
i r i i t h a l l y  s p e c i f i c ,  b u t  by day 8-9 a r e  n o n - s p e c i f i c .  
~ 3 1 ' 4  , have  normal DNA c o n t e n t  and chromosome complement, and have t h e  morphology of l a r g e  
g r a n u l a r  lymphocytes.  O n l y  t h e  l a r g e r  cel ls  w i t h i n  t h e  c l o n e  c a r r y  o u t  n o n - s p e c i f i c  k i l l i n g .  
T h i s  k i l l i n g  is independent  o f  t a r g e t - c e l l  11-2 and is  n o t  i n h i b i t e d  by a n t i - L y  2 .  Cold- 
t a r g e t  i n h i b i t i o n  e x p e r i r e n t s  s u g g e s t e d  t w o  d i f f e r e n t  " r e c e p t o r s "  were r e s p o n s i b l e  f o r  t h i s  
e f f e c t ,  b o t h  d i f f e r e n t  from t h e  H-2 r e s t r i c t e d  a n t i g e n - s p e c i f i c  r e c e p t o r .  One showed 
p r e f e r e n c e  f o r  YAC-1 t a r g e t  c e l l s  and was s i m i l a r  t o  t h e  NK-receptor. The o t h e r  showed 
p r e f e r e n c e  f o r  PH15 t a r g e t  c e l l s .  A n a l y s i s  o f  d i f f e r e n t  mouse s t r a i n s  showed d i f f e r e n t  
p r o d e n s i t i e s  t o  u e v e l o p  t h e s e  "broad r a n g e "  r e c e p t o r s  i n  c u l t u r e ;  some s t r a i n s  deve loped  
b o t n ,  some o n e ,  some t i le  o t h e r ,  some n e i t h e r .  The mouse s t r a i n s  w i t h  h igh  i n i t i a l  N K  
a c t i v i t y  a l s o  deve loped  t!ie NK-like r e c e p t o r  on cu l tur2 :d  CTL. The n a t u r e  o f  t h e s e  
' L e c e p t o r s "  and  t n e  f a c t o r s  i n d u c i n g  t h e i r  e x p r e s s i o n  on  CTL a r e  c u r r e n t l y  b e i n g  i n v e s t i g a t e d .  

we have s t y d i e d  t h e  n o n - s p e c i f i c  k i l l i n g  by  m u s e  

The c e l l s  i n  t h e s e  c l o n e s  a r e  Ly 2' 

6129 INNOCENT BYSTANDER CELLS DESTROYED I N  V I V O  AT THE SITE OF INNOCl!LATED CLONED 
CYTOTOXTC T LYMPHOCYTES, Mary E l l e n  S n i d e r  and David S t e i n m u l l e r ,  T r a n s p l a n t a t i o n  
S o c i e t y  of Michigan ,  Ann Arbor .  M I  48104 

Cloned c y t o t o x i c  T lymphocytes (CTL) t h a t  r e c o g n i z e  Epa-I,  a non-H-2 h i s t o c o m p a t i b i l i t y  
a n t i g e n  e x p r e s s e d  on e p i d e r m a l  c e l l s  (EC), induce  n e c r o t i z i n g  s k i n  l e s i o n s  upon i n n o c u l a t i o n  
i n t o  a l l o g e n e i c  h o s t s ,  b u t  no r e a c t i o n  o c c u r s  i n  syngeneic  h o s t s .  However, p remixing  t h e  
CTL w i t h  Epa-1+ EC p r i o r  t o  t h e i r  i n n o c u l a t i o n  i n t o  s y n g e n e i c  h o s t s  r e s u l t s  i n  g r o s s l y  
o b s e r v a b l e  s k i n  u l c e r a t i o n .  N e c r o s i s  o f  t h e  a n t i g e n i c a l l y  i n n c c e n t  s k i n  o c c u r s  o n l y  when 
t h e  CTL a r e  p r e n i x e d  w i t h  t h e  Epa-l+ EC s i n c e  m i x t u r e s  of t h e  CTL w i t h  Epa-I- EC do n o t  
produce  l e s i o n s ,  s u g g e s t i n g  t h a t  s p e c i f i c  a n t i g e n  r e c o g n i t i o n  i s  r e q u i r e d  f o r  t h e  non- 
s p e c i f i c  t i s s u e  d e s t r u c t i o n .  Evidence  f o r  t h i s  b y s t a n d e r  phenomenon h a s  n o t  been o b t a i n e d  
i n  v i t r o .  For example,  i n  c o l d  t a r g e t  i n h i b i t i o n  a s s a y s ,  t h e  a d d i t i o n  o f  i n c r e a s i n g  numbers 
of u n l a b e l e d  Epa-l+ EC t o  c o c u l t u r e s  of CTL and l a b e l e d  Epa-I- EC does n o t  i n c r e a s e  t h e  
r e l e a s e  of Cr51 above t h e  backround f o r  t h e  l a t t e r  c e l l s ;  t h u s  premixing  CTL w i t h  Epa-I+ EC 
does  n o t  c a u s e  n o n - s p e c i f i c  l y s i s  of  Epa-I- EC i n  v i t r o .  I n  a d d i t i o n ,  u n f r a c t i o n a t e d  s u p e r -  
n a t a n t s  from t h e  c o c u l t u r e  of c loned  CTL and Epa-l+ EC d o  n o t  i n d u c e  t i s s u e  d e s t r u c t i o n  when 
i n j e c t e d  i n t o  s y n g e n e i c  h o s t  s k i n .  These d a t a  s u g g e s t  t h a t  f a c t o r s  r e l e a s e d  from m i x t u r e s  
of  CTL and a n t i g e n - s p e c i f i c  t a r g e t  c e l l s  may n o t  be  d i r e c t l y  r e s p o n s i b l e  f o r  t h e  d e s t r u c t i o n  
of i n n o c e n t  b y s t a n d e r  c e l l s ,  b u t  t h a t  a s  a consequence  of t h i s  a n t i g e n - s p e c i f i c  i n t e r a c t i o n ,  
proximal  c e l l s  o r  c e l l s  r e c r u i t e d  t o  t h e  a r e a  might be  s t i m u l a t e d  t o  s y n t h e s i z e  and 
s e c r e t e  c y t o l y t i c  f a c t o r s .  
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6130 
de VRIES, UNICET, ImUmmOlcqy labratories, 69572 D A R D U Y ,  FRAKE. 
A single cell assay in agamse was used to study the mlecular requirerents of the interaction 
between allospecific cytotoxic T-lymphocyte (Cn) clones and target cells. This assay all- 
discrimination of the adhesion and tke lytic phases in the cytotaxic process. Antigen specific 
T4+ and T8+ Cn clones were found to form conjugates w i t h  target cells w h i c h  did not express 
the appropriate antigen indicating that T cell receptor (Ti)/antigen interaction is not 
required fo r  conjugate f o m t i o n .  
The percentage of conjugates between the W - A 2  specific Cn c l o ~  JR-2-16 (T8+) and h m  

similar, but only the N/A2 cells were lysed. muse L cells transfected w i t h  --A2 were not 
lysed, since JR-2-16 did not form conjugates with L/A2 cells (or L cells). Adhesion of JR-2-16 
to M 1  and Ml/M =ells was inhibited by anti-LFA-1. Antibodies against class I-HLA, HIA-A2 and 
T8 blockd b t h  adhesion and lysis ,  whereas anti-T3 &s only affected the l y t i c  step. 
FiMlly rroabs against a public idiotyp on the T cell receptor of a series of CIE clones did 
not inhibi t  conjugate f o m t i o n  significantly, but the lytic phase w a s  strongly inhibited. 
These data indicate that 1) the interaction &tween T i  and its antigen occurrs a f t e r  the 
f o m t i o n  of antigen non specific conjugates 2) WA-1, T8 and HIA-antigens are associated 
w i t h  this antigen non-specific conjugate f o m t i o n  3 )  antigen non-specific conjugate 
fonnation is required for T cell receptor antigen interaction. 

Conjugate transformtion between allospecific cyt~toxic T-14lnphocyte clones and 
target cells precedes T cell receptor antigen interaction. Heryen SPITS and Jan E. 

M 1  fibroblasts and M 1  cells tranSfeCted With  -DNA coding for  HIA-A2 ( M l / A 2  cells) was 

GI32 ANTIGENIC HOMOLOGY OF LYTIC PROTEINS INVOLVED I N  COYPLEMENT- AND CYTOTOXIC 
T-CELL-MEDIATED CYTOLYSIS. 

JUrg Tschopp and Daniel@ Masson, Un ive rs i t y  o f  Lausanne, CH-1066 Epalinges, Switzerland. 

The l y t i c  a c t i v i t y  o f  granules from cy to tox i c  T -ce l l s  res ides on a 66 kDa p r o t e i n  c a l l e d  
p e r f o r i n  (Masson and Tschopp. J .  B i o l .  Chem. (1985) 260: 9096). P e r f o r i n  shares many 
func t i ona l  p roper t i es  w i t h  the complement component C9. 
precursor which can polymerize and i n s e r t  i n t o  l i p i d  b i l a y e r  forming transmembrane les ions.  
I n  order  t o  search f o r  s t r u c t u r a l  homology, two peptides corresponding t o  amino ac ids 
74-86 and 101-111 o f  C9 were synthesized. 
conserved, s ince  i t  i s  present, besides i n  C9, as a repeat  u n i t  i n  the LOL receptor. 
Antibodies ra i sed  against  these two peptides reacted s p e c i f i c a l l y  w i t h  C9, s ince imnuno- 
s t a i n i n g  was i n h i b i t e d  by the corresponding peptides. Moreover, t he  ant ibodies bound on 
Western b l o t s  t o  complement components C6, C7,  C8a-y and t o  p u r i f i e d  p e r f o r i n  i n d i c a t i n g  
t h a t  these p ro te ins  form a new p r o t e i n  superfamily. The pept ide corresponding t o  residues 
101-111 o f  C9 i n h i b i t e d  a t  a concentrat ion o f  100 pM granule-,perforin- and CTL-mediated 
c y t o l y s i s .  
and t h a t  the cys te ine - r i ch  domain shared by p e r f o r i n  and C9 i s  f u n c t i o n a l l y  important. 

Both p ro te ins  occur as monomeric 

This segment i s  r i c h  i n  cyste ine and i s  h i g h l y  

These r e s u l t s  suggest t h a t  p e r f o r i n  plays a c r u c i a l  r o l e  i n  CTL-cytotox ic i ty  
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GI33 ANTIGENIC CHARACTERIZATION OF CYTOTOXIC LYMPHOKINES PRODUCED BY CLONED HUMAN T 
CELL LINES. C a r l  F. Ware, Lora  M .  Green, P a t r i c i a  Egan-Devlin and J i m  Devl in .  D i v i s i o n  
of Biomedical S c i e n c e s ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  R i v e r s i d e ,  CA 92521 and  Biogen Research 
Corp . ,  Cambridge. MA 021 42 

Cloned l i n e s  of human T c e l l s ,  d e r i v e d  from a l l o g e n e i c  mixed lymphocyte c u l t ' w e s  or 
s t i m u l a t i o n  w i t h  t e t a n u s  t o x o i d ,  were c h a r a c t e r i z e d  for  t h e i r  a b i l i t y  t o  m e d i a t e  di rect  
t a r g e t  c e l l  l y s i s ,  c e l l  s u r f a c e  phenotype and t h e i r  c a p a c i t y  t o  r e l e a s e  c y t o t o x i c  lympho- 
k i n e s  i n  r e s p o n s e  t o  m i t o g e n i c  l e c t i n s .  S o l u b l e  and al1oa:tigen s p e c i f i :  and n a t u r a l  
k i l l e r - l i k e  c y t o t o x i c  T cells  (CTL) e x p r e s s i n g  e i t h e r  t h e  CD3 , CD4' or CD3 , C D 8 +  pheno- 
t y p e s  were c a p a b l e  of r e l e a s i n g  c y t o t o x i n s  i n  r e s p o n s e  t o  ConA or PHA. Toxin a c t i v i t y  was 
measured on t h e  L929 ce l l  l i n e  u s i n g  t h e  MTT c o l o r i m e t r i c  a s s a y .  K i n e t i c  a n a l y s i s  of t h e  
CTL-toxin, i n  comparison t o  a lymphotoxin (a-LT) and tumor n e c r o s i s  f a c t o r  (TNF), i n d i -  
c a t e d  a l l  t h r e e  a c t i v i t i e s  r e q u i r e d  8-10 h r  t o  l y s e  50% o f  t h e  L929 t a r g e t  cells .  Spec i -  
f i c  po lyc lon31 a n t i s e r u m  t o  a-LT f a i l e d  t o  n e u t r a l i z e  t h e  c y t o t o x i n ( s )  produced by a 
m a j o r i t y  of CTL c l o n e s  t e s t e d .  Monospec i f ic  anti-TNF e x h i b i t e d  3 p a r t i a l  a b i l i t y  (10-50s) 
t o  n e u t r a l i z e  CTL produced t o x i n s  from s e l e c t e d  T ce l l  c l o n e s .  However, most of t h e  CTL 
c l o n e s  produced a c y t o l y t i c  a c t i v i t y  t h a t  was a n t i g e n i c a l l y  d i s t i n c t  from b o t h  a-LT and 
TNF. These r e s u l t s  i d e n t i f y  a novel  member(s) o f  t h e  f a m i l y  of c y t o t o x i c  lymphokines.  
S J p p o r t e d  by a g r a n t  from t h e  N a t i o n a l  Cancer I n s t i t u t e ,  N I H  CA 35638. 

~ 1 3 4  TUMOR INDUCED SUPPRESSOR MACROPHAGE WITH INCREASED ADCC 
FUNCTION, Gordon A. Watson, Ronald D. Paul, and  Diana M. Lopez, Univ. of 
Miami Sch. of Med., Miami, FL. 33101 

An atypical splenic macrophage subpopulation, whose presence is associated with progression of a 
murine mammary adenocarcinoma, demonstrates markedly enhanccd antibody dependent cellular 
cytotoxicity (ADCCj. These morphologically distinct cells begin to populate the spleen apprcxi- 
mately two weeks post-tumor inoculation By f ive  weeks, they comprise u p  to 30°h of total cells 
in the spleen. After isolation by Percoll density gradient centrifugation, or flow. cytometry 
cell sorting, this macrophage subset was found to express Ly-5,  Mac-I, Mac-2 and variable 
amounts of surface Ia. This is in  contrast with normal splenic macrophages which comprise only 
3.5% of total spleen cells and d o  not express Mac-2, a marker of macrophage differentiation. 
These Mac-1,2 positive cells e f fec t  a t i tratable suppression of normal blastogenic response to 
PHA. Con A, LPS and ,  more importantly, to a tumor associated antigen (TAA) preparation. These 
supp-ressor macrophagcs exhibit  levcls of ADCC comparable to those obtained with BCG activated 
peritoneal macrophages (74.2% E. 79.1%) and  significantly higher than  normal splcnic macrophag- 
cs (37.6°/oj. That  the ADCC was Fc-receptor mediated was assessed by both deletion of specific 
antisera and  inclusion of blocking antibody. The  relevance of this high ADCC potential with 
rcspect to cytotoxicity within this murine tumor system will be fur ther  addressed. 

(335 EVIDENCE FOR THE INVOLVEMENT OF HUMAN NKCF BUT NOT TNF IN THE NK LYTIC MECHANISM: 
NK-RESISTANT VARIANTS CAN BE GENERATED BY THE PROLONGED CULTURE OF U937 CELLS IN 
NKCF BUT NOT TNF, Susan C.  Wright and Benjamin Bonavida,  UCLA School of Medicine,  
Los Angeles ,  CA 90024. 

In o r d e r  t o  examine t h e  p o s s i b l e  involvement of c y t o t o x i c  lymphokines in  the NK l y t i c  
mechanism, we have g e n e r a t e d  l y m p h o k i n e - r e s i s t a n t  v a r i a n t s  from t h e  NK-sens i t ive  U937 c e l l  
l i n e .  P a r e n t a l  ti937 c e l l s  a r e  s e n s i t i v e  t o  l y s i s  by n a t u r a l  k i l l e r  c y t o t o x i c  f a c t o r s  
(NKCF) a s  wel l  a s  tumor n e c r o s i s  f a c t o r  (TNF). However, v a r i a n t s  s e l e c t e d  by growth i n  
t h e  p r e s e n c e  o f  e i t h e r  f a c t o r  a r e  r e s i s t a n t  to l y s i s  by e i t h e r  f a c t o r .  V a r i a n t s  r e s i s t a n t  
t o  NKCF (U9NR) a r e  a l s o  r e s i s t a n t  t o  l y s i s  by NK c e l l s  in  a CMC r e a c t i o n .  In c o n t r a s t ,  
v a r i a n t s  r e s i s t a n t  t o  TNF (U9TR) a r e  a s  s u s c e p t i b l e  t o  NK c e l l s  as p a r e n t a l  U937. Both 
v a r i a n t s  a r e  l y s e d  i n  an ADCC r e a c t i o n ,  whereas U9NR b u t  n o t  U9TR i s  r e s i s t a n t  t o  LDCC 
( l e c t i n - d e p e n d e n t  c e l l - m e d i a t e d  c y t o t o x i c i t y ) .  The NK r e s i s t a n c e  of U937 i s  a p p a r e n t l y  
due t o  a d e f i c i e n c y  of NKCF b i n d i n g  s i tes  s i n c e  t h i s  l i n e  cannot  a b s o r b  NKCF, a l t h o u g h  
i t  can s t i l l  form c o n j u g a t e s  wi th  NK c e l l s  and s t i m u l a t e  N K C f  r e l e a s e .  Fur thermore ,  t h e  
o b s e r v a t i o n  t h a t  U937 a r e  r e s i s t a n t  t o  LDCC s u g g e s t s  t h a t  NKCF or t a r g e t  c e l l  b i n d i n g  
s i t e s  f o r  t h e s e  f a c t o r s  may a l s o  be involved  i n  the LDCC l y t i c  mechanism. These r e s u l t s  
s u p p o r t  a role f o r  NKCF a s  t h e  NK l y t i c  m e d i a t o r s  and s u g g e s t  t h a t  TNF is n o t  involved  o r  
e l s e  r e q u i r e s  t h e  p r e s e n c e  o f  a d d i t i o n a l  f a c t o r s  found i n  NKCf t o  media te  NK CMC. 
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G136 THE TOXIC EFFECT OF LYSOSOMOTROPIC AGENT, L-LEUCINE METHYL ESTER, AND ITS 
CONDENSATION PRODUCT, L-LEUCYL-L-LEUCINE METHYL ESTER, ON N K ,  LAK AND CTL. 

Masato Yagi ta ,*  William Louden,* and El izabeth A. G r i m , *  *SNB, NINCDS, NIH, Bethesda, 
MU 20892 and **Dept. of M 6 I of t he  Univ. of Oklahoma, Oklahoma Ci ty ,  OK 73190 

I t  has been reported t h a t  lysosomotropic agen t ,  L-Leucine methyl e s t e r  (LeuOMe) d i sp lays  a 
unique and s e l e c t i v e  t o x i c i t y  f o r  monocytes and NK c e l l s .  In t h i s  r e p o r t  t he  e f f e c t  of 
LeuOMe on e f f e c t o r  funct ion of n a t u r a l  k i l l e r  (NK), lymphokine ac t iva t ed  k i l l e r  (LAK), and 
convent ional  cy to tox ic  T lymphocytes (CTL) was examined. The t reatment  of pe r iphe ra l  blood 
mononuclear (PBM) c e l l s  w i th  5 t o  40mM of LeuOMe a t  37'C f o r  30 min caused t h e  complete 
e l imina t ion  of NK a c t i v i t y .  In c o n t r a s t ,  LAK and CTL e f f e c t o r s  showed r e l a t i v e  r e s i s t a n c e  
t o  LeuOMe wi th  160mM of LeuOMe needed t o  c w p l e t e l y  i n h i b i t  those func t ions ,  a s  measured 
in  4 h r  5 iCr-release assays.  However, the supernatant  of p l a s t i c  adherent  monocytes (MO) 
t r ea t ed  w i t h  5mM of LeuOMe contained t h e  same i n h i b i t o r y  a c t i v i t y  t o  NK i n  a d d i t i o n  t o  
i n h i b i t i n g  LAK and CTL k i l l i n g .  These r e s u l t s  confirmed previously reported MO-mediated- 
conversion of LeuOMe t o  the  more toxic  product,  L-Leucyl-L-Leucine methyl e s t e r  
(Leu-LeuOMe). Moreover, NK and LAK k i l l i n g  a c t i v i t y  were i n h i b i t e d  by 100 uM of Leu-LeuOMe. 
P laus ib l e  exp lana t ions  f o r  the r e l a t i v e  r e s i s t a n c e  t o  LeuOMe of LAK and CTL e f f e c t o r s  i n  
comparison with hK e f f e c t o r s  include d i f f e r e n t i a l  membrane d i f f u s i o n  and d i f f e r e n t  
composition of lysosome enzymes. m e  mechanism of i n h i b i t i o n  of NK, LAK and CTL by 
Leu-LeuOMe should be f u r t h e r  s tud ied  f o r  t he  b e t t e r  understanding o f  k i l l i n g  mechanism of 
cy to tox ic  e f f e c t o r s .  

GI37 
37064,Victor H. Engelhard,James A.Sullivan,and Gerald L.?landel l ,Universi tp  of V i rg in l a  Pkdical 
School, C h a r l o t t e s v i l l e ,  Vh 22908. 
The i n t e r a c t i o n  of murine cy to tox ic  T lymphocyte [CTL] clones with hunan lynphoblastoid t a r -  
get  c e l l s  was s tud ied  i n  t h i n  p repa ra t ions  using high r e s o l u t i o n  cinenicrography.CTL n o t t o d  
t o  t a r g e t  c e l l s  were morphologically polar ,possessing a broad leading edge con ta in ing  t h e  
nucleus,  and a tapered t a i l  containing a heterogeneous populat ion of granules.The CTLmved by 
extending pseudopods from t h e  leading edge f ron  which i n i t i a l  contact  with a t a r g e t  c e l l  was 
nade.If  t h e  hunan t a r g e t  c e l l  expressed the  appropr i a t e  HLA an t igen , the  CTL rounded up and 
the  nucleus moved away fron t h e  zone of contact  t o  be replaced by t h e  cytoplasmic granules .  
Red i s t r ibu t ion  of  t he  g ranu le s  was complete a s  e a r l y  as 10 n inu te s  a f t e r  i n i t i a l  contact.TWSe 
norphological  changes d i d  not  occur  when t h e  CTL made contact  w i th  t a r g e t  c e l l s  b e a r i n g h p p  
r o p r i a t e  HLA antigens.Using Nomarski o p t i c s , a n  apparent  fu s ion  of 2 CTL cytoplasmic granules  
i n  t h e  v i c i n i t y  of t h e  con tac t  a r ea  was observed 4 minutes a f t e r  binding.These da t a  provide 
d i r e c t  evidence f o r  the occurrence of a r e o r i e n t a t i o n  of t h e  CTL cytoplasmic con ten t s  during 
t h e  admin i s t r a t ion  of t h e  l e t h a l  h i t  and suggest exocy tos i s  a s  a mechanisn of granule  t r ans -  
fer .Current  s t u d l e s  involve t h e  gene ra t ion  and morphological c h a r a c t e r i z a t i o n  of hunan 
"Lynphokine Activated K i l l e r "  [Laic] c e l l s  t o  de t e rn ine  t h e  na tu re  of t h e  i n t e r a c t i o n  between 
LAK c e l l s  and tumor t a r g e t s . S i n i 1 a r i t i e s  and d i f f e r e n c e s  with the  CTL system a r e  being analy- 
zed and impl i ca t ions  of t hese  f ind ings  t o  t h e  r e l a t i o n s h i p  between CTL and LAK c e l l s  w i l l  be 
discussed.  

MORPtlOLOCICAL ANALYSIS OF CYTOTOXIC LY?lPMOCYTE-TARGET CELL INTERACTIONS, Joim R. Y a n w l l i  
Susan G. Teiiksbury,Gary B.Thurman,and Robert K.Oldhan,Biotherapeutics,Inc.,Franklin,T 

(3138 
Kenny*, Jan Cerneyt,  and P i e r r e  A .  Henkart, Nat ional  Cancer I n s t i t u t e ,  Bethesda, MD 20892, 
"USUHS, Bethesda, MD 20814, and tUn ive r s i ty  of Texas Medical Branch, Galveston, TX 77550. 
We and o t h e r s  have reported the  i s o l a t i o n  of a po ten t  l y t i c  a c t i v i t y ,  termed c y t o l y s i n ,  from 
cytoplasmic g ranu le s  of cy to tox ic  lymphocytes. A s  expected i f  t he  so lub le  p r o t e i n  c y t o l y s i n  
i n s e r t s  i n t o  a t a r g e t  membrane t o  form pores ,  l i p i d s  are po ten t  i n h i b i t o r s  of c y t o l y s i n  
a c t i v i t y  with 50% i n h i b i t i o n  a t  -1 pM. 
phocholine (PC) gave 50% i n h i b i t i o n  a t  1.4 mM, whi le  t h e  c l o s e l y  r e l a t e d  phosphoethanolamine 
w a s  a hundred f o l d  l e s s  i n h i b i t o r y .  
shown t o  expres s  ep i topes  which c ross - r eac t  w i th  i d i o t o p e s  on t h e  PC-binding myeloma TEPC-15 
(T15), E L  tumor g ranu le  c y t o l y s i n  w a s  t e s t e d  f o r  similar c ros s - r eac t ive  ep i tope ( s )  . I g G  
of r a b b i t  anti-T1S an t i - id io typ ic  ant ibody ( an t i - Id )  s p e c i f i c a l l y  i n h i b i t e d  t h e  hemolytic 
a c t i v i t y  of c y t o l y s i n ,  and reacted wi th  p a r t i a l l y  p u r i f i e d  c y t o l y s i n  by ELISA. Two o u t  
of b murine ant i - Id  monoclonals i n h i b i t e d  c y t o l y s i n  a c t i v i t y  and reacted wi th  p a r t i a l l y  
p u r i f i e d  c y t o l y s i n  by ELISA. 
from whole c e l l  l y s a t e s  of 35S-methionine l a b e l l e d  LGL tumor c e l l s  and cloned CTL. 
r abb i t  an t ibod ie s  r a i sed  a g a i n s t  p u r i f i e d  cytoplasmic g ranu le s  from LGL tumors s p e c i f i c a l l y  
reacted wi th  a T15-idiotype bear ing myeloma by ELISA. W e  propose t h a t  a component of t he  
i n t e r a c t i o n  between c y t o l y s i n  and a c e l l  membrane is t h e  recogni t ion of t h e  cho l ine  head- 
groups of membrane l i p i d s  by a binding si te r e l a t e d  t o  the  T15 id io type .  

EVZDENCE FOR CHOLINE RECOGNITION BY GRANULE CYTOLYSIN OF CYTOTOXIC LYMPHOCYTES: 
CROSS-REACTION WITH ANTI-TEPC-15 ANTI-IDIOTYPIC ANTIBODIES Cheung C. Yue, James J. 

In t e s t i n g  s o l u b l e  l i p i d  headgroup analogues,  phos- 

Since some non-antibody PC-binding p r o t e i n s  have been 

Using t h e  r a b b i t  an t i - Id ,  c y t o l y s i n  vas immunoprecipitated 
F i n a l l y ,  
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GI39 
Cell Biology, The Weizmann Institute of Science, PO Box 26, Rehovot 76100, Israel. 
The mechanism whereby specifically sensitized cytolytic T lymphocytes (CTL) or natural killer 
(NK) cells lyse target cells (TC) has been equated with that of antibody + complement (Ab+C) 
That is, the perforation of the TC membrane by ring-shaped structures (I.D. 10-15 nm) of 
effector cell origin, structurally and functionally analogous to those produced by the mem- 
brane attack complex of the C system. (Recently, however, the precise role of these structures 
even in the C system has been questioned since proteolysis of Cg allows lysis, although 
impairing poly(Cg) and circular lesion formation). We have confirmed the presence of 
typical, ring-shaped structures on 1181343 membrane fragments derived from nucleated TC 
following Ab+C attack, using negative staining EM. Examining NK activity of unfractionated 
mouse spleen cells or human peripheral blood lymphocytes, revealed similar ring structures in 
101280 and 21130 membrane fragments examined, respectively; however, a correlation between 
rings and lysis has not been shown and involvement of C complnents has not been excluded. 
In contrast, we have been unable t o  observe similar rings on over 2000 membrane fragments, 
examined individually, following attack by in vivo primed, specifically sensitized, allo- 
reactive CTL or by polyclonally activated CTL in lectin-(Con A)-dependent cytotoxicity. 
results do not support recent claims of a common lytic mechanism employed by specifically 
sensitized CTL and by Ab+C and suggest instead, a distinct pathway for CTL not involving 
membrane perforation by C-like 'ring structures. Our results do not preclude involvement of 
cytolytic granules nor secreted material thereof in the lytic process. 

RING FORMATION DETECTED ON TARGET CELL MEMBRANES LYSED BY ANTIBODY AND COMPLEMENT 
BUT NOT BY CYTOLYTIC T LYMPHOCYTES. Gideon Berke and Dalia Rosen, Department of 

These 

(340 REGULATION OF QUIESCENT B LYMPHOCYTE ACTIVATION VIA MULTIPLE TRANSMEMBRANE 
SIGNALING MECHANISMS. John C. Cambier, Zheng 2. Chen, John T. Ransom, Michael G. 

Klemsz, Leslie K. Harris, Victoria M. Sandoval and M. Karen Newell. Dept. of Medicine, 
National Jewish Center for ImUUnOlOgy and Respiratory Medicine, Denver, CO. 80206 

Small B lymphocytes respond in qualitatively disparate ways to anti-immunoglobulin/ 
antigen, B cell stimulatory factor 1, Interferon y,  and anti-MHC class I1 antigen antibo- 
dies. Here we report comparative analysis of transmembrane signaling mechanisms utilized 
by membrane immunoglobulin; I-A/E and BSFl receptors. Results indicate that signal 
transluction by these receptors occurs by quite distinct mechanisms. Once bound by ligand, 
membrane IgM and IgD activate a PtdInsPZ hydrolysis cascade. BSFl receptors do not uti- 
lize this mechanism, although surprisingly they activate I-A gene expression more effi- 
ciently than mIg binding ligands. Finally, when bound by soluble ligands, I-A and I-E 
transduce negative signals which lead to suppression of anti-Ig responses. Transduction 
of this signal appears not to involve PtdIns metabolism but has a pronounced effect on PKC 
compartmentalization, leading to PKC translocation to the nucleus. These findings 
illustrate that multiple molecular "second messengers" regulate B cell activation and that 
the ultimate biologic response of cells may in many instances be a function of interactive 
aspects of the signaling machinery. 

GI41 FURIFICATION OF RICM A AND B CHAINS AND CHANCEUZATION OF THEIR TOXICITY,' 
R.J. Fulton, D.C. Blakey, P.P. Knowles, J.W. Uhr, P.E. T h o r p  and E.S. Vitetta, 
University of Texas Health Science Center at Dallas, Dallas, Texas 75235 and 
the Imperial Cancer Research Fund Laboratories, bndon, England 

Methcds used for the purification of ricin A chain, to be used in the preparation of 
immuaotoxins, vary m n g  laboratories. In mny cases, a single affinity or ion excharqe 
procedure has been used to separate the B chain fran the A chain after reduction of the 
interchain disulfide bond. In this report, we describe a mre extensive purification 
s c h e  qloyinq a series of alternating affinity and ion exchange procedures which 
yields fully active A and B chains that are minimally cross-contaminated. These mte- 
rials have been tested for nonspecific toxicity in mice and on a variety of cell types & 
vitro. The results daunstrate that mticulous rarnval of cross-contaminating chains 
franboth the A chain and B chain preparations reduces the in vitro and in vim toxicity 
of both chains. In addition, the results demnstrate thar=ium chTorx mrkedly 
enhances the toxicity of rich B chain and A chain preparations that are contaminated 
w i t h  B chain, but does not enhance the Cytotoxicity of purified ricin A chain or an 
innumotoxin prepared with the A chain. 
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Roche I n s t i t u t e  o f  Molecular  Bio logy ,  Roche Research  C e n t e r ,  Nut ley ,  New J e r s e y  07110. 

P e r i p h e r a l  t y p e  b e n z o d i a z e p i n e s  (P-BZDs) i n t e r a c t  w i t h  nanomolar a f f i n i t i e s  w i t h  a b i n d i n g  
s i te  p r e s e n t  i n  most non-neuronal c e l l s .  T h i s  P-BZD s i t e  is p h a r m a c o l o g i c a l l y  d i s t i n c t  from 
t h e  diazepam r e c e p t o r  of  b r a i n  and i s  p a r t i c u l a r l y  abundant i n  tumor c e l l s  where i t  e x h i b i t s  
p r o p e r t i e s  c h a r a c t e r i s t i c  of  c l a s s i c a l  r e c e p t o r s .  P-BZDs t h a t  b i n d  a v i d l y  t o  t h e  P-BZD s i te  
a r e  p o t e n t  a n t i m i t o t i c  a g e n t s  (1) and a r e  c y t o t o x i c  f o r  r a p i d l y  p r o l i f e r a t i n g  c e l l s .  B e s i d e s  
t h e i r  a n t i m i t o t i c  p o t e n t i a l  P-BZDs can induce  d i f f e r e n t i a t i o n  i n  s e v e r a l  tumor c e l l  t y p e s  
( 2 , 3 ) .  T h i s  a c t i v i t y  a p p e a r s  t o  b e  media ted  by a s i t e  q u i t e  d i s t i n c t  from t h e  P-BZD b i n d i n g  
s i t e  d e s c r i b e d  above. I n  a d d i t i o n  t h i s  second l o c u s  o f  a c t i o n  can  b e  shown t o  b e  l i n k e d  t o  
t h e  e x p r e s s i o n  of  t h e  c - rOs  proto-oncogene i n  one  tumor sys tem ( 4 ) .  Thus w e  have  i n  hand a 
c l a s s  of  compounds t h a t  a c t  a s  probes  f o r  t h e  t r a n s d u c t i o n  mechanisms t h a t  c o n t r o l  c e l l  
growth and d i f f e r e n t i a t i o n .  C l e a r l y  a n  e l u c i d a t i o n  o f  t h e  f u n c t i o n  of t h e  P-BZD b i n d i n g  s i te  
w i l l  g r e a t l y  a i d  o u r  u n d e r s t a n d i n g  of  such  c o n t r o l l i n g  mechanisms. P r e s e n t l y  w e  a r e  engaged 
i n  d e f i n i n g  t h e  s i g n a l s  t h a t  c o u p l e  B Z D s  t o  genomic e v e n t s  and are c l o n i n g  t h e  gene f o r  t h e  
P-BZD b i n d i n g  s i t e  which may r e p r e s e n t  a s u b s t r a t e  f o r  t h e  f u t u r e  i n v e s t i g a t i o n  of  c y t o t o x i n s  

(l)P.N.A.S. (1984) 81;753. ( 2 )  P.N.A.S. (1984) 81;3770. ( 3 )  P.N.A.S. (1985) 82;5223. 
( 4 ) S c i e n c e  (1985) 229;1265. 

PERIPHERAL BENZODIAZEPINES, CELL GROWTH AND PROTO-ONCOGENE EXPRESSION, James Morgan 
and  Sydney S p e c t o r ,  Department o f  P h y s i o l o g i c a l  Chemis t ry  and Pharmacology, 
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the  membrane cmp lexed  w i t h  components o f  t h e  under l y ing  membrane ske le ton ,  and t h a t  
c r o s s - l i n k i n g  o f  su r face  recep to rs  r e s u l t s  i n  concomitant r e d i s t r i b u t i o n  o f  membrane 
s k e l e t a l  components. The focus  o f  our l a b o r a t o r y  has been 1 )  t o  i s o l a t e  and cha rac te r i ze  
sIg-membrane s k e l e t a l  complexes from a c t i v a t a b l e  mur ine  B c e l l  l i n e s ,  and 2 )  t o  p u r i f y  
and c h a r a c t e r i z e  i n d i v i d u a l  membrane s k e l e t a l  components from these c e l l s .  We r e p o r t  t h e  
i s o l a t i o n  o f  a nove l  40 kDa phosphopro te in  expressed by four mur ine  B c e l l  l i n e s  which 
i s  r e l a t e d  t o  e r y t h r o c y t e  p r o t e i n  4.1. The 40 kDa analog, i n i t i a l l y  i d e n t i f i e d  by immuno- 
b l o t t i n g  w i t h  a f f i n i t y - p u r i f i e d  an t i body  t o  human red  c e l l  p r o t e i n  4.1, was p u r i f i e d  by 
c o p r e c i p i t a t i o n  f rom detergent  l y s a t e s  o f  B c e l l  l i n e s  us ing  s t a b l y  c r o s s - l i n k e d  myosin 
f i l amen ts ,  f o l l owed  by e l u t i o n  i n  1 M KC1 and DEAE c e l l u l o s e  chromatography. Th is  phos- 
phopro te in  occurs i n  m u l t i p l e  i so fo rms w i t h  PI’S rang ing  between 6.8 and 4.5, a l l  pos- 
sess ing  i d e n t i c a l  two-dimensional  pep t ide  maps, and seems t o  share fea tu res  i n  common 
w i t h  t h e  a c i d i c  p o r t i o n  o f  t h e  80 kDa e r y t h r o c y t e  form. These f i n d i n g s  a r e  i n t r i g u i n g ,  
s ince  i n  red  c e l l s ,  p r o t e i n  4.1 seems t o  r e g u l a t e  t h e  at tachment o f  t h e  membrane ske le -  
t o n  t o  i n t e g r a l  membrane p ro te ins .  

Supported by g ran ts  f rom t h e  Andrew W .  Mel lon  Foundat ion and t h e  Anna F u l l e r  Fund. 

CHARACTERIZATION OF A PROTEIN 4.1 ANALOG FROM MURINE B LYMPHOCYTES. Gary R. 
Pasternack and Asoka I .  Katumuluwa, Dept. o f  Pathology, The Johns Hopkins 

Numerous s t u d i e s  have es tab l i shed  t h a t  B lymphocyte su r face  immunoglobul in e x i s t s  i n  

GI44 EFFECT OF DIFFERENT HETEROBIFUNCTIONAL CROSSLINKERS ON ACTIVITY AND 
PHARMACOKINETICS OF ANTIBODY CONJUGATES WITH COBRA VENOM FACTOR. 
E.C. Petrella, S.D. Wilkie, A.H. Grier,  and  C.-W. Vogel. Depts. Biochem. and  Med. and  Vincent T. 
Lombardi Cancer Center, Georgetown University, Washington, DC 20007. 

Scven heterobifunctional crosslinking reagents with d i f fe ren t  sulfhydryl-reactive groups (succinimidyl- 
4-(N-maleimidomethyl)cyclohexane-l-carboxylate (SMCC), -N-maleimidobutyryl-N-hydroxysuccinimide 
ester (GMBS), m-maleimidobutyryl-hydroxysuccinimide ester (MBS), succinimidyl-4-(p-maleimidophenyl)- 
buryrate (SMPB), N-succinimidyI-3-(2-pyridyldithio)propionate (SPDP), N-succinimidyl(4-iodoacety1)- 
aminobenzoate (SIAB), iodoacetyl-N-hydroxysuccinimide ester (IAHS)) were used for  the synthesis of 
antibody conjugates with the complement-activating cobra venom factor (CVF). Modification of CVF 
with SPDP did not a f fec t  its hemolytic activity while the other six reagents caused 50 2 95% inhibition. 
Inhibition of C V F  correlated with intramolecular crosslinks due  to  the lack of specificity of the 
sulfhydryl-reactive groups of these six reagents. Pharmacokinetic studies with derivatized CVF, 
dcrivatized IgG, and  antibody-CVF conjugates were performed in BALB/c mice. T h e  plasma 
disappearance of the proteins followed first  order kinetics. Major differences were observed for  
proteins derivatized or conjugated with d i f fe ren t  reagents. We found that crosslinkers a )  with a halide 
group cause covalent binding to  plasma proteins leading to increased plasma half-times (IAHS, SIAB), b) 
with an  aromatic ring system result in rapid removal from the circulation (MBS, SMPB), and c) with a 
disulfide bond are  subject to moderate cleavage (SPDP). These studies demonstrate tha t  
hctcrobifunctional crosslinking reagents have major impact on the activity and  pharmacokinetics of 
antibody conjugates. (Supported by NIH grants CA 35525 and CA 01039). 

97 
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GI45 
Considerable controversy has centered on the role that the surface immunoglobulin (SIR) 

INDUCTION OF THE a PROTOONCOGENE FOLLOWING ANTIGEN BINDING TO KAPTEN-SPECIFIC 
B CELLS. E.C. Snow, J. Fetherston, & S. Zimmer. Univ. of Ky.,Lexington,KY 40536 .  

receptor for antigen plays during the induction of B cell activation. 
anti-lg reagents has been shown to activate Go B Sells to enter the cell cycle. The bind- 
ing of thymus-dependent antigens to hapten-specific B cell populations apparently does not 
result in the movement of the antigen-binding cells (ABC) into the GI state of the cell 
cycle. However, we have recently demonstrated that antigen binding to such hapten-specific 
B cells does result in the initiation of the membrane phosphatidylinositol cycle. In the 
present experiments, hapten-specific B cells (80-902 ABC, 99% in G ) were incubated with 
either the correct hapten-carrier conjugate, with the carrier prate%, OK only media for 
2 hours at 3 7 O C .  At that time, total cellular RNA was isolated and subsequently2analyzed 
by either dot blots or Northern gel techniques. The blots were probed with a [ PI-- 
SstI-XhoI fragment. The results indicate that hapten carrier stimulation of the hapten- 
specific B cells induces enhanced transcription of the c-myc gene. These observations 
lend further support t o  the premise that antigen binding to the SI g receptor results in 
the transduction to the cell of important signals and implicates the active participation 
of sIg during the process of antigen-mediated B cell activation. 

Stimulation by- 

(3146 LYSIS OF FRESH HUMAN TUMOR CELLS BY AUTOLOGOUS LARGE GRANULAR 
LYMPHOCYTES AND MACROPHAGES: INVOLVEMENT OF CYTOTOXIC FACTORS. 
Atsushi Uchida and Eva Klein, Karolinska Institutet, S-104 01 Stockholm, Sweden. 

When blood and tumor-associated large granular lymphocytes ( L G L )  and macrophages from 
cancer patients were cocultured with autologous freshly isolated tumor cells, they released 
soluble factors, natural killer cytotoxic factors (NKCF) and monocyte cytotoxic factors 
(MCF), respectively. that killed autologous and allogeneic fresh tumor cells as well as 
K562  cells. Treatment of fresh tumor cells with actinomycin D o r  interferon (IFN) resulted 
in a reduction of their capacity to stimulate the release of cytotoxic factors from 
autologous LGL, but not from autologous macrophages , and of their susceptibility to lysis 
by autologous LGL. Actinomycin D-treated target cells, however, increased the sensitivity 
to the cytotoxic factors. The presence of IFN in the cytotoxicity assay also enhanced the 
lytic activity of both cytotoxic factors. Treatment of fresh tumor ceIIs with the 
streptococcal preparation OK432 induced them to become more susceptible both to direct 
cell-mediated and cytotoxic factor-dependent lysis. When LGL and macrophages were 
pretreated with OK432, they showed an increase in their ability to kill directly autologous 
tumor cells and to release the cytotoxic factors in response to autologous tumor cells. 
Stimulation with OK432 alone of monocytes and macrophages was effective in inducing 
cytotoxic factors, while IFN had no such effects. These data may indicate the involvement 
of soluble cytotoxic factors in the autotumor killing by LGL and macrophages and suggest 
that their activity is regulated in different ways by each biological response modifire. 

98 




