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Cytokines in Growth, Development and Pathogenesis 

Keynote Address (Joint) 
J 001 GENETIC ANALYSIS OF TUMOR RUGCTION ANTlGENS. Thierry Boon, Ludwig Institute for Cancer Resemch. Bmssels unit and Cellular Genetics 

unit. Catholic University of Louvmn. Brusrelr. Belgium 
Most mouse tumors express antigens that are potential targets for T 
lymphocyte-mediated rejection responses. Some of there antigens are 
recognized by cytolytic T cells (CTL) and do not appear to be present on 
normal cells. Recent progress has made it possible to understand how 
these new antigens can srise on tumor cells. It is now generally accepted 
that the antigens recognized by CTL are small pepiides of about nine 
residue6 presented in a groove formed by the extemi domains of class 1 
molecules of the major bisrocompatibility complex (MHC). A major 
mechanism Ihat generates new antigenic peptides is the occurrence of 
point mulation in wtive genes. These point mutations change one amino 
acid i n  the antigenic peptides. In some instances, this confers to the 
peptide encoded by the mutated region the ability to bind to MHC 
molecules. In other instances, the point mutations generate new epitopes 
00 peptides that were nlready capable of binding. All thesc point 
murations may lie at the origin of the very diverse antigens observed on 
tumors induced with chemicd carcinogens. A second major mechanism 
for the generalion of new antigenic peptides on tumor cells is the 
activslion of genes that are sileot in most normal adult celtr. This bas 
recently been observed for an antigen present on a mouse mastocytorna 
(1). 

Other masiocytoma tumors have been found wherein the same gene is 
activated and lhe same antigen is prerent. 
For human tumors. many groups have observed that lymphocyies frou 
tumor-hearing patients (“autologous lymphocytes”) can often br 
reslimulatcd with b e  tumor cell6 in viuo so as to produce CTL that lysr 
tbc tumor cells and do not lyse autologous conuol cells. Stable clonal 
lines of CTL have been obtained. They recognize a iimited number 01 
antigens (3-7) on the autologous tumor cell lines. Recently a gene coding 
for an antigen recognized by CTL on a melanoma cell line has been 
isolated. This gene belongs lo a new gene family that includes at Icasi 
three closely related genes. The gene is expressed on several melanomas 
These tumors that express both the gene and 11LA-AI present the antigw, 
recognized by the original CTL. These results indicate that tumor 
rejenion antigens recognized by CTL may be shared by large numbers of 
tumors. They also suggest that patients whose tumor expresses therc 
antigens could be ideotificd rapidly by €LA typing and RNA analysis of a 
small tumor sample. These patients could receive precisely targeted 
irnmunotherapy. 

References 
1. Van den Hynde. B.. Lethe. B.. Van Pel, A.. De Plaen. E., and Boon, T. 

119%) I. Exp. Med. 173 : 1373-1384. 

Embryogenesis and Development 
J 002 DEVELOPMENTAL ACTIVITIES OF GROWTH FACTORS, E.D. Adamson’, J-X. Wu’ and L.M. Wiley2, ‘La Jolla Cancer 

Research Foundation, La Jolla, CA 92037; ’Institute of Toxic and Environmental Health, University of California, Davis, 
CA 95616 

In a number of mammalian species, preimplantation development is affected 
by growth factors such as TGFa, EGF, PDGF-A. IGFs and insulin. 01 these, 
TGFa and PDGF-A are known products of the early embryo. Other growth 
factors such a s  lL-Z.TGFJ31~ TGFj32 and IGF-II are expressed by the embryo, 
but no precise role has yet been defined. In contrast, NGF, EGF and insulin 
mRNAs have not been found in embryos. In vivo studies have shown that 
CSF-1 blocks, while GM-CSF, TNFa and I L - l a  assist preimplantation 
development in mice. CSF-1, TGFn, EGF and PDGF but not IL-2 may play 
roles in implantation. since they can enhance trophoblast outgrowth Later in 
development, other growth factors such as  FGF and TGFP may play roles in 
mesoderm formation. bul this has only been clearly demonstrated in 
Xenopus development. 

Since growth factors are usually secreted diffusible molecules. embryo 
development can be affected by maternal factors as  well as  embryonic 
sources. Therefore. a better indicator of activity of a growth factor is the 
presence of cell surface receptors. Receptors for insulin, EGF/TGFa and for 
PDGF-A have been identified so far in preimplanlation murine embryos, 
although their precise actions and roles in development have not yet been 
defined. In order to do this, we have analyzed the pattern of expression of 
EGF-R protein and mRNA in murine preimplantation embryos and have 
started to examine the enect of stimulating or blocking EGF-R activities wilh 
antibodies and antisense RNA. EGF-R protein can be visualized by 
immunohistochemistry at all stages of preimplantation development, but it is 
only strongly visible in the late 4-cell stage and later. In the one to 4-ceil 

stages, the receptor may derive from two sources: the remains of the 
follicular cell membrane proteins on the oocyte surface and translation 
from maternal mRNA. The EGF-R mRNA is detectable by RT-PCR in 
varying amounts in one and 2-cell embryos, but by the 4-cell, maternal 
mRNA has been largely degraded. From the late 4-cell onwards, 
increasing levels of EGF-R transcripts can be detected, and in parallel. 
EGF-R protein increases to relatively high levels on trophoblast cells and 
to lower levels on inner cell mass cells. At the blastocyst stage, EGF-R 
protein synthesis can be induced by EGF applicalion, and the receptors 
can respond to EGF to induce the c-fos protooncogene. Putting the 
results together with the data in the literature makes a convincing case lor 
the involvement of EGF-Rs in preimplantation mouse devebpment. 

We have also been studying how the EGF-R gene is regulated during 
development. We have employed embryonal carcinoma (EC) cells as  a 
model for these studies. In 3 out of 4 lines examined, we could find no 
evidence for cell surface EGF-Rs in EC stem cells. but after the induction 
of differentiation with various drugs, EGF-R protein and mRNA are 
strongly induced PDGF-Rs are also induced The appearance of EGF-R 
and PDGF-R proteins at the cell surface renders the cells responsive to 
EGF, TGFa and PDGFs in the medium (and to autocrine factors), and this 
may account for the driving force to funher differentiation. Growth factors 
Stimulate pleiotropic responses including the induction of numerous 
transcription factors and hence cascades and programs of gene 
expression ieading to the production of differentiated cells 

J 003 SIGNAL TRANSDUCTION FOR LYMPHOID PROLIFERATION: ROLE OF A PLTATIVE PROTEASE (ADR) Fredenck Coffman, 
Kenn h s a ,  Ins Gonzales, Jlm Sylvester and Stanley Cohen, Department of Pathology, Hahnemann Untverslty, Phtladelphla PA 19102 

The initiation of DNA synthesis is a common endpoint of all cytokine- 
driven activation pathways. In activated T lymphocytes, the onset of 
DNA replication is concomitant with the appearance of a cytosolic activity 
which can initiate in vim, DNA replication in isolated quiescent nuclei. 
This activity is dependent upon a number of proteins, including a putative 
protease (ADR) that appears to  function as an initiating factor in the 
replication of chromosomal DNA. Quiescent lymphocytes lack ADR 
activity and contain an intraceliular factor which inhibits ADR-mediated 
initiation of DNA synthesis in isolated nuclei, indicating that lymphocyte 
activation requires both the induction of positive regulatory elements and 
the removal of negative ones. DNA replication in nuclei isolated from 
several transformed lymphoid cell lines is not blocked by the inhibitor 
derived from quiescent lymphocytes, suggesting that the failure of this 
antiproliferative regulator may play an important role in the continuous 
growth of these cells. This suggestion is supported by our recent finding 
of a continuously proliferating MOLT-4 T cell lymphoma subline which 
produces both activator and inhibitor activities, which can be separated by 
mnim sulfate fractionation. Like the inhibitor derived from quiescent 
lymphocytes, the MOLT-4 inhibitor blocks initiation of replication in 
isolated normal nuclei but not MOLT4 nuclei, is not effective if added 
after replication has begun. and has no effect on the replication of nicked 

calf thymus DNA. This indicates that the inhibitor blocks the initiation of 
replication from sites on intact DNA sequences and not from DNA snand 
breaks. 

We are developing an in vitro system using plasmids containing human 
gene sequences as replication substrates both to facillitate the study of 
proteins involved in the regulation of replication initiation and to define 
eukaryotic DNA sequences required for these activities. To date we have 
seen consistant incorporation of dTTP into plasmids containing either of 
w o  regions of the human ribosomal RNA gene. Incorporation into these 
plasmids has many of the same characteristics as incorporation into nuclei, 
namely the same pH optimum and nucleotide requirements, similar 
kinetics, and both are inhibited by aphidicolin, n-ethylmalernide and a 
monoclonal antibody against DNA polymerase alpha. Further, plasmid 
incorporation is inhibited by aprotinin and the inhibitor from transformed 
lymphoid cells at the same concentrations which block incorporation into 
nuclei, suggesting that both ADR and the inhibitor function in a similar 
manner in both nuclei and plasmid replication systems. Initial DNase 
protection experiments show that fractions which mediate incorporation 
preferentially protect sequences within a 200 bp region which is AT-rich 
and is adjacent to an Alu element and a 40 bp ZDNA sequence motif. 
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Cytokines in G r o w t h ,  Deve lopmen t  and Pathogenesis  

Cytokines in Inflammation and Repair 
J 004 TUMOR NECROSIS FACTOR ANTAGONISM VIA SOLUBLE RECEPTORS. David Wallach. Dan Adcrk'. Hamnut Engelmann. Cord 

Btakebusch. Y m n  N o p h  and Oliver Kemper. The drprrrmtenr ofMobcular Crnerics nnd virO!Ogy, Tk WeizmMn Insrirufc #Sciencec, Rehovol and 'The DepmfnUN of 
Medicine. Ichilov Hospilnl. Tel Aviv Mcdicnl Center, Tel Anv. Israel. 

In view of a growing evidence for a key role of tumor necrosis factor 
in the pathogenesis of many diseases, the-re arc increasing attempts 

to find ways of inhibiting the function of rhis cytokine. Soluble forms of 
the receptors for TNF, found to be present in the serum and urine, 
compete for TNF with the cell-surface TNF receptors and can thus block 
its functionl". These proteins arc now being tested as inhibitors of TNF in 
several animal models of TNF pathogenicity. In a number of such models 
the soluble TNF receptors (sTNF-Rs) have already been found to provide 
some protection. Clues to more effective ways for applying the sTNF-Rs 
for therapy may perhaps be gained from the study of the physiological 
function of these proteins. So far thm is just fragmentary information on 
that subject, relating to the following points: 
Qccurcnce of the sTNF-Rs; The sTNF-Rs arc present constitutively in the 
serum, although at vcry low concentrations; their serum concentrations 
increase significantly in diseases of both an inflammatory and non- 
inflammatory MRIIC and were reported to incrcasc also afte-r adininismuon 
of TNF. 

Mechanisms of formation; The sTNF-Rs arc derived fium the cell-surface 
rccepors by a proteolytic cleavage mechanism which is subject to effective 
enhancement by ccrtain physiological regulators. ?his cleavage mechanism 
and the smcnual elements in the TNF receptor taking pan in it arc distinct 
from those involved in TNF uptake and in the signalling by these 
receptors. 
Effectr  Beside their inhibitory effect on the function of TNF, which 
reflects their ability to bind TNF, the sTNF-Rs have also the ability to 
attenuate a spontaneous decay of TNF activity by stabilizing TNF shllcture 
within the complexes which they form with it Thus, depending on the rate 
at which TNF is cleared from the site of its formation, the sTNF-Rs may, 
at different situations, affect the function of TNF in quite a diffmnt  
mannc, in some situations they may inhibit the effects of TNF, in others, 
serve as carriers for TNF, and in some cases they may even augment the 
effects of TNF by prolonging its function. 
1)Olsson. I. et al (1989) Eur. J. Haematol. 422.70. 
2)Scckingcr. P et al.11989) J. Biol. Chem. 264:11966 
3)Engelmann. H. et al.(1989.)J. Biol. Chem. 264:11974. 
4)Nophar. Y.(.1990). EMBO J. 93269. 

Viruses and Cytokines 
J 005 

Medicine, Atlanta, GA 30322 and #Institute for Molecular Virology, St. Louis University Medical Center, St. Louis, MO 63110. 
TNF-mediated cylolysis is a multistep process initiated by binding of the cytokine 

to a cell surface receptor. Most culrured cells expess TNF receptors. but with few 
exceptions cell lines are resistant to TNF cytolysis. Therefore, the events which 
determine susoeptibility or resistance to cytolysis occur inuacellularly. after TNF 
binding. Humm admoviruses encode several proteins which alter the susceptibility of 
cells to TNF cytolysis. The 12s and 13s EIA proteins induce TNF susceptibility 
wben inucduced into cells eithe by Virus infeclh a by msfection wilh appropriate 
expressirn vectas. These inundate early prototeins transacrivate other ademvirus genes 
and regulate l rmsa ip th  of a number of cellular genes. Mutational analysis by many 
laboratones has shown that specific functions tend to be associated with specific 
domains in these multifunctional proteins. Sensitivity to TNF maps to consewed 
region 1 (CRI) when ElA is inboduced into cells by virus infection and to both CRI 
and CRZ Pmen &ected cells are used. ?hese findings suggest hat two d i f f m t  EIA 
functions are required for TNF smsitivity. One function is supplied by CR1 and the 
other requires e i t b ~ ~  CR2 or a gene($ else- in admvirus. Interestingly, the region 
of CRI required for induction of TNF sensitivity is the same as the region shown by 
ohen to induce in ceIls7NF independent cytotoaicity and DNA degradation. Hence, 
one mechanism by which ElA renders cells sensitive to TNF may be by facilitating the 
DNA degradation so often obsaved in cytoldnemedimed cytolysis. 

It is unlikely that ElA induced cyiotoxicity or TNF susceptibility is beneficial to 
adenovints propagation. It is not Surprising h f w e  that SdarovirUS encodes p t e i n s  
that function to counteract &se effects. In fact, adenovirus eneodes at least four other 
proteins elsewhere in the genome that function to prevent EIA induced and 
TNF-mediated destnrction of virus-infected cells. The ability of these proteins to 
protect from TNF lysis is cell-type dependent. The E3-14.7K p t e i n  (14,700 h4W) is 

ADENOVIRUS GENES THAT MODULATE THE SENSITIVITY OF VIRUS-INFECTED CELLS TO LYSIS BY TUMOR NECROSIS 
FACTOR, Linda R. Gooding' and William W.S.M. Wold#. * Department of Microbiology and Immunology, Emory University School of 

an abundant soluble protein found in both the cytoplasm and nucleus of infected cells. 
14.X is tbe mos general inhibitor of TNF lysis, functioning in nearly all rodent cells 
tested to prevent TNF cytolysis. 14.7K protects from TNF even in spontaneously 
sensitive cells a in cells made sensitive to TNF by inhibition of pmtein synthesis. 

Another set of genes. E3-14.5K/10.4K, produces a membrane-bound helexdimez 
that also functions to protect many, but nm all mouse cell lines from TNF killing. 
These proteins have also been observed to cause intanalization and degradation of lhe 
receptor for epidermal gmMh f m o r  (EGF-R) on virus-infected cells. At present. the 
relationship between down-regulation of EGF-R and resistance to TNF cylolysis is 
unknown. The final adenovirus pmiein that has been implicated in protection from 
TNF cylolysis is EIB-19K. ElB-19K prevmts TNF cytolysis of adenovirus infected 
human cells, but does not protect MY of 15 mouse cell lines tested. E1B-19K is an 
interesting multi-functional protein. It co-operates with EIA in adenovirus 
transformation of rodent cells, it is localized to the nuclear menbrame, it binds to and 
disrupts the nuclear lamina and vimentin containing intamediate filaments, and it 
uansactivates certain cellular and viral genes. Significantly, EIB-19K also p e n t s  the 
EIA induced cytotoxicity and DNA degradation noted above, suggesting a pnential 
mode of acrion in prevention of TNF cytolysis. The finding of multiple adenovims 
genes involved in modulation of cellular sensitivity to TNF has two impatant 
impications. First, it suggests lhat TNF, or TNF-like mechanisms, may play an 
important role in host resistance to virus infection or alternatively may play a 
significant pan in pathogenesis caused during virus infection. In addition, the 
availability of sevaal viral poteins, each of which pmbably ads at a different step in 
the inIracellular pathway leading to TNF-mediated killing, provides a major tool for the 
dissection of lhii Critical sequence of events. 

JOO6 POLE OF CYTOKINES IN AUTOIMNUNE AND COXSACKIE INDUCED MYOCRRDITIS, James R .  Lane, David A. Neumann, Anne Lafond- 
Walker, Ahvie Herskowitz. and Noel R .  Rose. Department of Imnology and Infectious Diseases, The Johns Hopkins 
School of Hvoiene and Public Health, Baltimore. Marvland 21205 - _  . .  

Infection of mice with coxsackie virus B3 (CB3) results in 
focal myocyte necrosis and inflammation."' These early 
pathological manifestations of viral injury gradually diminish 
so that by 14 days after infection the acute phase of 
myocarditis has resolved. In genetically predisposed muse 
strains such as A/J, but not in resistant BlO.A, the acute 
phase is followed by chronic, autoirmnune myocarditis 
characterized by diffuse interstitial mononuclear cell and by 
the production of heart-specific autoantibodies.'2'3' These 
autoantibodies react predominantly with cardiac myosin and the 
late phase of myocarditis can be reproduced in genetically 
susceptible strains by immunization with purified cardiac 
myosin.'" 

LPS treatment of CB3-infected BIO.A mice is capable of inducing 
autohune myocarditis in these genetically resistant 
animals."' We tested 11-1 synthetic peptide fragment 163-171 
and TNF synthetic peptide 114-130 and found that both cytokines 
produce autoumnune myocarditis in CB3-infected resistant BIO.A 
mice. Furthermore, elevated serum levels of both cytokines 
were found in the experimental groups, and imnohistochemical 
studies showed IL-1 and TNF producing cells among the 
inflammatory cells in the heart. 

We suggest that these cytokines play a critical role in the 
susceptibility of animals to post-viral autoiimrmne disease. 

'"Wolfgram LJ, Beisel KW, Herskowitz A, Rose NR. 1986. 
Variations in the susceptibility to Coxsackievirus B,- 
induced myocarditis among different strains of mice. J 
Immunol 136:1846-1852. 
"'Rose NR, Wolfgram LJ, Herskowitz A, Beisel KW.  1986. 
Postinfectious automnity: two distinct phases of 
Coxsackievirus B,-induced myocarditis. Ann NY Acad Sci 
475: 146-156. 
I3'Rose NR, Herskowitz A,  Neumann DA, Neu N. 1988. 
Autohune myocarditis: a paradigm of post-infection 
autiinnnune disease. Immunology Today 9:117-119. 
'*'Neu N, Rose NR, Beisel KW, Herskowitz A, Gurri-Glass G, 
Craig SW. 1987. Cardiac myosin induces myocarditis in 
genetically predisposed mice. J I m n o l  139:3630-3636. 
'"'Lane JR, Neumann DA, Lafond-Walker A, Herskowitz A,  Rose 
NR: LPS promotes CB3-induced myocarditis in resistant BIO.A 
mice. Cell Immunol 136:219-233, 1991. 

(Supported in part by NIH grant HL33878) 
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Cytokines in Growth, Development and Pathogenesis 

Regulation of Normal and Neoplastic Growth 
Jo07 HETEROGENEITY OF PDGF RECEPTORS, Suba? Bishayee, Coriel l  I n s t i t u t e  For Medical Research, Camden, 

NJ 08103. 
Platelet-derived growth f ac to r  (PDGF) i s  a d i su l f ide -  
bonded homo-or heterodimeric protein,  composed of A 
and B chains;  B chain i s  t he  product of the c - s i s  
proto-oncogene. The mitogenic and transforming 
a c t i v i t i e s  of PDGF a re  mediated through i t s  
interact ion with a high a f f i n i t y  ce l l  surface 
receptor.  PDGF receptor i s  a transmembrane 
glycoprotein (M 170-180 k f  w i t h  a cytoplasmically 
facing tyrosine' kinase s i t e  t ha t  i s  act ivated by 
l igand binding t o  the external domain. Two types of 
PDGF receptors have been cloned and sequenced. 
Although both the a- and p- receptors undergo 
ligand-induced dimerization and kinase ac t iva t ion ,  
these two receptors d i f f e r  in ligand-binding 
spec i f i c i ty .  a-receptor  binds t o  a l l  three isoforms 
of PDGF whereas P-receptor binds with very high 
a f f i n i t y  only t o  PDGF BB. However, our s tud ie s  
revealed tha t  in the presence of a-receptor,  
p r e c e p t o r  i s  capable of binding t o  PDGF A8 with very 
high a f f i n i t y  and such binding and subsequent 
act ivat ion of the P-receptor i s  due t o  the 
a -p recep to r  heterodimer formation. In the present 

invest igat ion,  we have studied the s t ruc tu ra l  
and functional differences between a- and 
P-receptors. 
(MG-63), both receptors have r e l a t i v e l y  high 
turnover r a t e s ;  T fo r  a-receptor i s  6 h whereas 
tha t  of p-receptof'?s 3 h .  Studies conducted with 
antibodies directed t o  the  peptide epitopes 
located a t  t he  same s i t e s  in 0- and 8-receptors 
indicated t h a t  these two receptors may d i f f e r  in 
t h e i r  conformation a t  l e a s t  with respect t o  one 
epitope.  As in the case with P r e c e p t o r ,  N-linked 
glycosylation of t he  a-receptor i s  not important 
in kinase act ivat ion.  We have exploited the lack 
of an e f f e c t  o f  N-linked oligosaccharides on the  
functioning of the a-receptor t o  develop a rapid 
and simple method t o  study the ro l e  of receptor 
heterodimer in kinase act ivat ion.  The s i g n i f i -  
cance of t he  differences between a- and 
p-receptors with respect t o  s t ruc tu res ,  functions 
and glycosylation pat terns  in biological signal 
transduction and c e l l u l a r  transformation wil l  be 
discussed. 

In human osteogenic sarcoma c e l l s  

J 008 EFFECTS OF CYTOKINES ON TUMOR CELL-ENDOTHELIAL INTERACTIONS, Marion C. Cohen; Joanna Beret& Michal Berera, 
and Stanley Cohen, Hahnemann University, Philadelphia, PA 19102. 

The adherence of tumor cells to microvascular endothelium is believed to 
be a necessary step in their migration to sites of metastasis. It has been 
proposed that this process occurs when cell surface molecules on tumor 
cells bind to complementary sites on endothelial cells. The expression of 
these endothelid-derived cell adhesion molecules appears to be modulated 
by cytokines, a broad class of protein mediators which play important 
roles in immune and inflammatory reactions. It has been found by 
ourselves and others that exposure of endothelium to some cytokines 
augments the adhesion of inflammatory cells as well as some tumor cells 
in in v i m  assays. Utilizing a murine model, P815 mastocytoma and 
microvascular endothelium, we found that pretreatment of endothelial 
monolayers with TNF-a, IL-I, LPS or PMA can increase the adherence 
of tumor cells in in a dose-dependent fashion. We found that TNF- 
mediated enhancement of PSI5 binding required both protein and RNA 
synthesis since the effect could be abrogated by pretreating endothelium 
with cycloheximide or actinomycin D before incubation with the cytokine. 
In addition, changes in the cell membrane protein pattern were seen 
following exposure of endothelium to TNi-a. 

We examined the possible involvement of protein kinases in TNFa signal 
transduction in endothelial cells. Quercetin, an inhibitor of tyrosine 
kinase, and W7, an antagonist of calmodulin, had no effect on TNF-a- 
mediated binding. Futthennore, PKA does not appear to play a role in the 

potentiation of binding by TNF-a. Although we found that H-7 and 
sangivamycin, inhibitors of PKC, could inhibit the TNF-a effect, our 
studies suggest that the "classical" PKC pathway is not completely 
responsible for signalling since TNl-a did not cause translocation of 
PKC to the cell membrane and its effect could not be completely mimicked 
by PMA nor by PMA in the presence of calcium-raising agents. 
Furthermore, staurosporine, a uniquely potent inhibitor of PKC, suongly 
enhanced adhesion of tumor cells to endothelium utilizing a mechanism 
distinct from TNF. 

We also studied the effect of TGF-p, another cytokine with pleiouopic 
effects, on the binding of tumor cells to endothelium. Exposure of 
endothelium to TGF-p led to the inhibition of of both basal and TNF-a- 
enhanced binding of P815 cells as well as the inhibition of adherence of 
murine splenocytes, thymocytes, and human lymphoblastoid cells. TGF- 
p-mediated inhibition of P815 basal binding to endothelium is dependent 
on protein synthesis since cycloheximide reverses the effect of the 
cytokine. Inhibitors of G-proteins do not abolish TGF-P action, and PKC 
and PKA activators elicit an opposite effect. However, TGF-P-mediated 
inhibition of both basal binding and TNFa-enhanced P815 binding to 
endothelium is completely abolished in the presence of the protein 
phosphatase inhibitor okadaic acid suggesting that TGF-p elicits its effect 
by stimulating protein phosphatase activity. 

POTENTIATION OF ANTITUMOR IMMUNE RESPONSES USING CYTOKINE GENE-MODIFIED TUMOR VACCINES, 
Eli Gilboa, Bernd Gansbacher, John P. Connor, Rajat Bannerji, Warren Heston, William 

J 009 

Fair, and Kathryn Cronin. Memorial Sloan-Ketterinq Cancer Center, New York, New York. 

Administration of cytokines is proving to be a 
valuable tool in cancer immunotherapy. Short 
half-life in the serum dictates the use of very 
high doses of cytokine which often leads to side 
effects of varying severity, thus limiting the 
overall effectiveness of this treatment modality. 
TO explore the potential advantages of localized 
secretion of cytokines at the site of the growing 
tumor, we have introduced the genes for human IL-2  
and mouse XFN-gamma into several mouse-derived 
tumor cell lines and measured the ability of the 
cytokine-gene modified tumor cells to (1) grow in 
the mouse, and ( 2 )  elicit a protective immune 
response against a challenge with a tumorigenic 
dose of parental unmodified cells. Using three 
mouse tumor model systems, a chemically induced 
fibrosarcoma, a bladder carcinoma and a B-cell 
lymphoma, we found that gene transfer of IL-2 (and 
in one tested case, also IF"-gamma) not only 

prevent tumor growth in vivo but also induce a 
protective immune response against parental tumor 
cells. The cellular mechanism responsible for  the 
induction of antitumor immune response and the 
implications of these findings for the development 
of improved tumor vaccines will be discussed. 

1. Gansbacher, B., Bannerji, R., Daniels, B., 
Zier, K., Cronin, K, Gilboa, E. Retroviral 
vector-mediated gamma-interferon gene transfer 
into tumor cells generates potent and long lasting 
antitumor immunity. Canc. Res. So, 7 8 2 0 - 7 8 2 s .  

2 .  Gansbacher, B . ,  Zier, K., Daniels, B., Cronin, 
K., Bannerji, R., Gilboa, E. Interleukin 2 gene 
transfer into tumor cells abrogates tumorigenicity 
and induces protective immunity. J. Exp. Ned. 
1 7 2 :  1 2 1 7 - 1 2 2 4 .  
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LYMPH TOXIN/INF RfCEPTOR SYSTJSM Carl F. Ware', Matthew J. Androlewid, Jeffrey L Brown&+?, Paul D. Crowd, Ray G. 
Goodwin , Craip; A Smith ,Todd VanARdalel,'l Division of Biomedical Sciences, Univ. of California, Riverside, CA 92521, 2Biogen, Inc, 0 .  J 010 

Cambridge and -'immunex Corporation, Seattle. 

The role of lympbotoxin (LT, TNF-B) in cellular immune reactions is an 
enigma when compared to the related potent proinflammatory cytokine, 
tumor necrosis factor (TNF). However, new data refute the notion that LT 
is a redundant form of TNE Several cellular responses including MHC 
expression, leukocyte adhesion and cytotoxicity have indicated that LT 
functions as a partial agonist (1). The relevance of the partial agonist activity 
of LT is revealed in recent the characterization of membrane-anchored form 
of LT (2). Surface LT was initially identified on a T cell hybridoma, II-23.D7 
selected far efficient lytic activity against TNF sensitive targets. Surface LT 
is associated with a novel 33 kDa glycoprotein (p33) in a heteromeric 
complex anchored to the surface by a dimer of p33. Secreted LT is not 
associated with p33. Signalling via IL2R and the TCR induce expression of 
sLT/p33 on resting T and NK cells. Membrane TNF expression is transient 
on Cn. in contrast to the relatively stable expression of sLT/p33. HUT-78, 
a T cell lymphoma, constitutively expressed sLT/p33, whereas HTLV-1 and 
EBV infected cell lines can be induced to express sLT/p33 suggesting that 

viruser may be associated with dysregulation of lymphotoxh 

Significant differences behween secreted and surface LT are revealed by 
comparison of the receptor specificity and binding constants for the 80 and 
55 kDa TNF receptors. On the II-23.D7 a l l  tine the partial agonist activity 
of secreted LT is associated with compression of both TNFR (3), whereas LT 
is a full agonist on some all types that express one reaptor. l l a t  surface 
LT/p33 complex can function in a "juxacrine" fashion is suggested by the 
ability of glutaraldehyde fued cells to lyse targets. Studies with soluble forms 
of the TNFR suggest a unique made of signalling for sLT/p33 complex and 
thus sLTip33 may mediate a ditinct spectrum of cellular nsponrer. 

References: 
1. Andrews, J.A, et al.. J. ImmunoL144:2582, 1990. 
2. Browning, J.L. et al., J. Immunol. 147:1230, 1991. 
3. Ware, C. F., et al., J. ImmunoL 147 in press, 1991. 

Cytokines and The Endocrine System (Joint) 
J 01 1 PATHOGENIC ROLE OF CYTOKINES IN ALITOIMMUNE ENDOCRINE DISEASES, Klaus Bendlzm, Laboratory of M i  lmmundogy TTA 7544, 

Riashosoitalet Universitv Hosoital. DK-2200 Cooenhaaen N. Denmark 
Many models L v e  b&n advanced to*-& for the association of -kLA types with 
autoimmune endocrine diseaxs.  For example. a h a n t  expression of MHC class I1 
molecules may facilitate a T cdl-mediated attack against 'forbidden antigens' on endocrine 
cells. Howevn. cytolunes produced by MHC dass U-bearing mxrophages (M0) may also 
contribule to endocrine disease (14). 'bus. IL-l suppresses insulrn produdon in vilro 
lhrougb a dim cytotoxlc effect on panaeauc 6-cells. This effect is modulated by IRAF'. a 
spealic ILl receptor antagonist, suggesting the invdvement of -classical' L1 reaptors 
on k l l s  OT other isla cells involved in @I1 damage. The toxiaty afforded by IL-I is 
related to disnuhed glucose metabolism in pcell nutochondria. 0th~ cytokines such as 
m a .  IL6 and IFF+ also mfluence insulin prcdnction, eSpeaally in Eonjuncuon with IL 
I .  but these cytokines are generally mt cytotoxic.Treament of the spontanmusly diabetic 
BB mi with antibodies to IFF+ prcvents the d i w  (5). and dmgs such as cyclosporin and 
fusidic aad interfue with IL- 1 -mediated effecu on rodent pcells and mth the devdopment 
of spontanwus diabetes in the BB m. other endocrine cells are susceptible to modulation 
by cytdancs. For example. IL-I suppresses, but docs not kill. human thyroid cdls. 
A stirnulatory effect on insulin and thyroglobulin pnxinction is observed at exlremely low 
concentrations of IL-l and of higher bni in wvo attamable levels of Ed. This snggsu 
that cytokines may have imponant functions as physiologiul regulators of endocrine 
cells. for example during conditions of svess. A mle of L-6 IS flmher supponcd by the f a  
that IL-6 IS produced by gluaose-stimulated rat isleu and by seandmy cultnres of human 
thyracytes. In particular after challeuge with IL-1. Also, IL-6 canses similar damage to 

Proposed models for a role of cytolunes in insulin-dependent diabetes mellitus and, 
possibly. in other autolmmune endoaine diseases: 
Model 1: Initial damage (virus?) affects the endocnne target cells themselves. 
Accumulated MO attract T and B lymphocytes and NK cells. Ihe M0. and/or the MHC 
dass U+ targets Ihemselves, present antigen(s) to specifically reactive T cells ideasing 
additional cytokines L-1 and ILd. potentiated by TNFa and 1FNy. fuher damage the 
cells. E~entually. autoantibodies and immune complexes contribute to pcell destrncuon. 

p.mclfatic pxlls as doe3 1L1. 

The #iary m h s  model IS governed by the spmkally m v c  T lymphocytes and by 
the soealiatv of the tnfemons or toxlc damape &eted nwn the tarset 4 s  
M&I 2: The iniual toxic. iOflammatoryOr idcEtio& rectionys) take place in thc 
vicinity of the target ells.  which as 'innoant bystanders' bccane the victims of an 
immunological attack. A pcrivffxular proccps andlor vasarlitis in sffcrcnl blmd vessels 
rigger the producrion by ad&elial 4 s  and smooth musde cells of IL 1. TNFa and IL- 
6, which may accumulate at high, p-cell toxic levels in the islets. This ilutidly 
nonspecific d o 0  eventually kcmncs immunologically specific resulting in accclnntcd 
e l l  desbucuon. This model prcdicas the existeocc d several 'etiological factors' in the 
course of c v e m  leading to diabetw dl i tus .  evm in the same individual. It also explains 
the finding dMHC class U porcins on v d a r  enQlhaium in prcdiabetic BB rms and in 
r0Ccat-t dabeks mellitus. evm in 01' arcund islets withcut M 0  invasion (sc 2). 
In bDth modcls, the magnilude d a  T ceU-mediatEd attack depends upon the MHC class U 
type of the individual, thus accounting for the MHC m d a c l o n  of many autoimmune 
endonine d i m d m .  Howcver. since the gene is polymorphic and located in the 
MHC +on. the disease-arsodated HlA types may be linked to TNFa a d s  coding for 
prolonged and/or prcmounccd scuetion d this cytokine. Thus. activated pcntond MO 
from the spontanconsly diabeuc BB rat seEIcte more TNFa than cells from diabetes- 
msistant 01 namai mu (6). Also. MO from HLA-DRZ+ healthy individuals respond less 
vigorously with rrspecc to lNFa producuon; I tus nught explain the protection afforded by 
HLA-DR2 in diaberes mellitus (see 2)  

RCfEUlCZS 
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J 012 NATURAL REGULATORS OF T-CELL LYMPHOKINE PRODUCTION IN VIVO, Raymond A. Daynes, Tad A. Dowell. and Barbara 
A. Araneo, University of Utah School of Medicine, Salt Lake City. UT 84132. 

The development of protective immunity in vivo requires T cells to receive, 
integrate, and respond appropriately to a variety of exogenous and end+ 
genous signaling systems. Foreign antigen represents the main exogenous 
signal, conferring specificity to immune responses by promoting the activa- 
tion of only those T cells bearing complimentary cell surface rcceptm. The 
consequences of T-cell activation in vivo, however, appear to be internally 
controlled through the activities of endogenous substances capable of ngu- 
lating the functional potential of recirculating T cells. Many distinct types 
of naturally occurring molecules exist that can alter the functional propemes 
of T cells. Cytokines, gxuwth factors, other polypeptide hormones, arach- 
idonic acid metabolites, and numerous steroid hormones, have all been thor- 
oughly investigated for their ability to modify the biochemical behavior of T 
cells. Some of these agents exert their effects sysremically (e.g., glu- 
coconicoids and c d n  cytokines) while the actions of others (e.g., pros- 
taglandins, growth factors, and some steroid hormones) are anatomically re- 
smcted. Such controlling mechanisms are quite important to the immune 
system. They provide it with an extensive degre-e of flexibility plus the ca- 
pacity to compartmentalize specific effector responses to particular &sue 
microenvironments. 

We have been investigating the roles played by certain species of stmid 
hormones that gain access to lymphoid tissues as a consequence of end- 
organ metabolism of inactive circulating precursors. Localized production 
of dehyhpiandmsterone (DHEA) from its circulating sulfated precursor 

(DHEAS), coupled with the enhancing influence of DHEA on activated T- 
cell IL-2 and production, provides a simple biochemical means to reg- 
ulate the functional potential of T cells residing within tissue sites where this 
hormone is being effcctively metabolized. Our studies also indicate that di- 
hydrotestostmnc and 1,25dihydmxyvitamin & play equally important 
roles in conmlling the nature of T-cell responsiveness withii particular lym- 
phoid organs in the body. Therefore, almations to the functional properties 
of T cells that accompany stress, trauma, or aging may, in pan, bc due to 
fluctuations in tissue localized and systemic steroid hormone levels. 

The results of our very recent studies implicate platelet-derived growth fac- 
tor (PDGF) as being an exaemcly potent modulator to the functional prop- 
erties of T cells. Once again, these controlling influences only become man- 
ifest after cellular aaivation. T cells exposed to nanogram quantities of 
PDGF are able to markedly enhance their IL2 production following acriva- 
tion, while simultaneously depressing the ability to secrete other lym- 
phokines (e.g.. IL4, IL-5, yIFN). T cells residing ncar tissue sites of injury, 
where platelet activation occus, arc probably being influenced by PDGF. 

We believe that a major immunobiologic role played by steroid hormones, 
specifically those species that undergo end-organ metabolism, is to create 
and maintain microcnvironmcntal distinctions between discme lymphoid or- 
gans. PDGF, as an example of a locally released bioactive substance, func- 
tions to m a t e  unique microenvironments anywhac in the body. 
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J 013 INTERACTION OF CYTOICINES WITH THE HYPOTHALAMIC-PITUITARY AXIS, James M. Krueger, 
University of Tennessee, Memphis, TN 38163. 

Major humoral mechanisms include the endocrine and 
immune systems, and there is substantial literature 
describing interactions between these systems during 
infection and inflammatory processes. Within the brain, 
such interactions are less well known. One major brain 
function altered during infection and inflammation and by 
several endocrines is sleep. These changes in sleep 
provide a useful illustration of the interactions between 
cytokines and the hypothalamic-pituitary axis. 

There is ample evidence linking ILl to sleep regulation 
(reviewed 1): 1) ILla, ILlp, and ILlp208-240 enhance sleep; 2) 
anti-ILlp antibodies and an ILl-receptor antagonist inhibit 
sleep; 3) patients receiving ILI therapy report excessive 
sleepiness; 4) ILI, ILlmRNA and ILl receptors are in 
normal brain; and 5) ILl levels (plasma and CSF) vary with 
sleep. There is also much evidence linking GHRH/GH to 
sleep; I)  GHRH enhances sleep; 2) a GHRH-antagonist 
inhibits normal sleep; 3) anti-GHRH antibodies inhibit 
normal sleep; 4) anti-GHRH antibodies block sleep 
rebound after sleep deprivation; and 5) GH release is firmly 

coupled to sleep cycles. These two major sleep regulatory 
systems are linked to each other, somnogenic doses of ILl 
induce GH release via GHRH;.ILl-induced GH release is 
blocked with anti-GHRH antibodies. 

In contrast, high doses of ILl inhibit GH release and 
promote wakefulness, probably due to IL1-induced CRF 
release. CRF induces 50M release which inhibits GH and 
GHRH release. CRF itself enhances wakefulness; this 
effect could be mediated directly within the brain via 
neurons containing CRF receptors. Alternatively, CRF 
induces pituitary ACTH release which in turn induces 
release of adrenal glucocorticoids. CRF, ACTH, aMSH, 
and glucocorticoids inhibit sleep. CRF and aMSH block 
IL1-induced sleep responses. Finally glucocorticoids 
inhibit ILl production but also turn on IL1-receptor 
production. Such complex regulatory phenomena are 
likely involved in physiological sleep regulation and are 
probably greatly amplified during pathology. 

1) Krueger, J. M., et al., Yale J. Bid. Med. 63: 157-172, 1990. 

J 014 PATHOLOGICAL EFFECTS OF CYTOKINE EXPRESSION IN VIVO Nora Satvetnick', Judy 
Shizuru2, Danling Gui, Lise Wogensenl, Marijo Gallinal, )Department of Neurophamacology, 

The Scripps Research Institute, La Jolla, CA 92037, *Stanford University, Stanford, CA 
Cytokines such as IFN-g are produced during altered pancreatic vasculature as well as duct cell 
specialized circumstances such as infection. These hyperplasia and islet cell regeneration. By analysis of 
pleiotropic molecules could potentially be responsible SCID backcross mice some of these changes were 
for some of the complex morphological changes demonstrated to be due to the infiltrating lymphocytes 
associated with infection. We are interested in the while others are more likely due the direct actions of 
pathological consequences of cytokine expression in the cytokine itself. More recently we have been 
vivo. We have utilized transgenic mice to target studying the consequences of expression of other 
expression of several inflammatory cytokines to the inflammatory cytokines on the morphology of the 
pancreatic beta cells. The expression of IFN-g in the pancreas. In contrast to the studies with IFN-g, 
pancreas leads to lymphocytic inflammation and islet expression of the cytokine IL-10 in the pancreas leads 
cell loss. The islet cell loss is mediated by the to intense inflammation but apparently no significant 
lymphocytes that accumulate in the pancreatic islet cell loss. The discussed studies are aimed at 
parenchyma. Additional morphological changes are furthering our understanding of the complex actions 
observed in the IFN-g expressing pancreas including of these molecules in vivo. 

Cytokines as Pathophysiologic Agents 
JO15 Cytokine r egu la t ion  of adhesive i n t e r a c t i o n s  between lymphocytes and f i b r o b l a s t s ,  Joseph H. 

Korn and Theresa H. Piela-Smith, Newington V.A. Medical Center,  Newington, CT 06111, and t h e  
Divis ion of Rheumatic Diseases, Universi ty  of Connecticut School of Medicine, Farmington, 06030. 

Targeting of imnune effector cells to sites of tissue 
injury is critical to the developnent and perpetuation of 
the imnune response. This process involves both the egress 
of immune cells from the vasculature and the localization 
and persistence of cells at sites of inflammation. The 
latter is governed, in large part, by adhesion of lympho- 
cytes to fibroblasts, a process that is tightly regulated 
and dependent on interaction of the ligands LFA-1 and ICAM-1 
on lymphocytes and fibroblasts respectively. Previous 
studies have shown that LPA-I function is modulated by both 
qualitative and quantitative changes on the cell surface 
following cellular activation. Similarly, ICM-1,  which 
functions both as a cellular adhesion ligand and a receptor 
for human rhinovirus (HRV) is subject to both quantitative 
and qualitative regulation. 
Although ICAM-1 is constitutively expressed on the surface 
of fibroblasts and many other cells, activation of fibro- 
blasts with 7-interferon (IFN), IL-4, and IL-1 promates 
ICAII-1 function. IL-1-stimulated ICAII-1 functions as a 
ligand for human rhinovirus adhesion but not for resting T 
cell adhesion. In contrast, IL-4 and IFN-stimulated ICAII-1 
functions in both systems. Furthermore, pretreatment of 
fibroblasts with IL-1 inhibits subsequent IFN-stimulated or 

IL-4-stimulated T cell adhesion but promotes the adhesion 
of HRV. The reasons for functional differences between IL-1 
and IFN-stimulated ICAII-1 are not readily apparent. IL-1, 
like IL-4 and IFN treatment, increases the proportion of 
fibroblasts expressing high levels of ICAH-1 assessed by 
flow cytometry. Electron miCrosCOpic studies show no 
difference in clustering of IPN-induced vs. IL-linducsd 
ICAM-1 on the fibroblast surface. Both IL-1 and IPN induce 
increases in ICAH-1 steady state mRNA and in I W - 1  protein 
synthesis. There are no gross differencee in the level of 
glycosylation of newly synthesized ICAH-1 following IL-1 vs. 
IFN treatment. However. inhibition of glycosylation or 
treatment of fibroblasts with neuraminidase does permit 
IL-1-induced ICAII-1 to function as an adhesion ligand for 
resting T cells. It is possible that there are 
conformational differences between IL-1 and IFN-induced 
ICM-1 which have functional correlates. 
The population of "resting" T cells which adhere to 
7-IFN-treated fibroblasts is a discrete and depletable 
subset which includes both 0 4 +  and CD8+ cells. Similarly, 
subsets of fibroblasts appear to have greater adhesive 
capability. The dsfinition of these subpopulation and their 
regulation should aid in understanding lymphocyte homing. 
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J 016 ROLE OF CMOKlNES IN BONE RESORPTION, Gregory R. Mundy, Toshiyuki Yoneda, Itsuro Kato, and Lynda F. Bonewald, University of 
Texas HeaHh Science Center at San Antonio, San Antonio, Texas and OsteoSA. San Antonio, Texas. 

Osteoclast function is regulated by cytokines which are generated in the 
microenvironment of bone remodeling surfaces. These cytokines include 
interleukin-1 , tumor necrosis factor, gamma interferon, interleukinb and 
transforming growth factor beta. In vitro assays have allowed 
characterization of the effects of these cytokines on the process of 
osteoclast generation and activation. These cytokines may have 
physiologic significance for normal bone remodeling and pathologic bone 
destruction in disease states which cause localized bone destruction such 
as rheumatoid arthritis and periodontal disease, in malignancies which 
involve the skeleton and in osteoporosis. In one murine variant of 
osteopetrosis, it has been shown that the defect in osteoclast function is 
caused by impaired expression of the cytokine CSF-M. Recently, we have 
identified a novel cytokine which enhances osteoclast differentiation. This 
cytokine was prified from the conditioned media harvested from a human 
tumor which is associated with the production of colony-stimulating 

factors for granulocyte-macrophages, granulocytes, and macrophages. 
The patient from whom the tumor was derived had hypercalcemia and 
nude mice bearing this tumor showed increased osteodastic bone 
resorption. We isolated and characterized a peptide present in the condi- 
tioned media which stimulated the formation of bone resorbing osteo- 
clasts in human and murine marrow cultures. By the development of 
monoclonal and polyclonal antibodies to a synthetic peptide derived from 
this factor, we developed neutralizing antibodies, affinity columns and an 
ELISA assay which detected this cytokine in cultures of normal stromal 
cells which support osteoclast formation. This cytokine has different 
effects from that of other osteotropic cytokines, since it appears to act 
primariiy as a differentiation agent for osteoclasts rather than as a 
proliferative factor for committed osteoclast progenitors. Its role in 
diseases associated with increased osteoclastic bone resorption is now 
being evaluated. 

J 017 USE OF SYNTHETiC PEPTIDES TO MAP FUNCTIONAL EPITOPES OF CYTOKINES Arnold E Post lethwaite and 
Jerome M Seyer, Un ivers i ty  of Tennessee, Memphis and Department of  Veterans A f f a i r s  Medical Center, 

Memphis, Tennessee 38163 
Cytokines such as I L - l a  p, TNFa and IL-4 have pleotropic ef fects  on 

dif ferent target cel ls Mechanisms by which such cytokine pleotropism is effected 
are unknown but could involve interaction of specif ic epitopes on Cytokines w i t h  
dif ferent portions of the receptor(s) for each given cytokine For example, i t  has 
been recently demonstrated by Conca et al (J Biol chem 266 16265-16268. 
19911 that SUbStitUtiOnof glycine for arginine at pos i t ion 127 in  human IL - Ip  
(designated IL- I pn-, 61 produces a protein that w i l l  bind to  the IL- 1 receptorts) 
w i th  high af f in i ty  and trigger incomplete signal transduction events characterized 
i n  f ibroblasts by expression of fos and lun but no increased t ranscr ip t ion of 
procollagenases or prostomelysin oJn/ fos,  procol lagenase and prostomelysin 
expression are a l l  induced by w i l d  type IL- Ip)  These resul ts  suggest that a 
precise region of the IL- lpmolecule may be essential for  cer ta in  biological 
act ivi t ies 

w e  have approached the question of cytok ine s t ructure- funct ion 
relationships by synthesizing oiigopeptides representing the complete amino acid 
sepuences of human IL- 18, TNFa and IL-4 and have tested these peptides for some 
of the biological act iv i t ies  possessed by the parent cytokine molecule In IL- 18. 
we have identified three peptides in the propeptide ( I  116) portion of the molecule 
that possess biologic act ivi t ies The amino terminus (1-27) stimulates fibroblast 
proliferation and peptides 

58-87 and 88- I I 6 induce migration of monocytes and neutrophils Peptide 58- 
87 induces chemokinesis wh i l e  peptide 88-1 16 induces chemotaxis of 
monocytes Peptide 1 - 1  16 is  cleaved from precursor IL- lpand may function 
t o  st imulate monocyte and neutrophil accumulation and fibrOblaSt proliferation 

None of the peptidescomprising 1 - 1  16 stimulated T cel l  proliferatton 
nord id theydisplace112511 IL- lp f romreceptorsonthemur ineEL4T cel l  line 
Oligopeptides representing human TNFa were tested for their ab i i l ty  t o  induce 
f ibroblast chemotaxis, a property possessed by TNFa Peptide 31-68 inducea 
f ibroblast chemotaxis. and specif icai ly deactivated f ibroblasts to respond 
chemotactical ly t o  TNFa,  suggesting that peptide 31-68 and TNFa induce 
f ibroblast chemotaxis through a s imi lar  mechanism (m 172 1749- 
1756, 1990) This chemotactic peptide also induced NREM sleep and fever in 
rabbits, another property of TNFa (Kapas. e t  al, manuscript submitted) 
Oligopeptides representing human IL-4 were tested for  their abl l i ty tost imulate 
Chemotaxis of f ibroblasts, a property of IL-4 (J.872147-2152, 
1991) Two adjacent peptides induced r ibroblast chemotaxis, 70-88 and 89- 
122 These peptide, speclf icai ly deactivated fibroblasts to chemotax to hrlL- 
4 

These resu i t s  suggest that  cytokine molecules possess a is t tnct  
functional epitopes that may confer certain blologlcal properties on the native 
molecule 

Cytokines and Differentiation 
J 018 IDENTIFICATION OF CELLULAR PROTEINS REGULATED BY CYTOKINES. 

Lois B. Epstein'z, Crafford A. Harris', Diana M. Smith2. 
'Cancer Research Institute and 'Department of Pediamcs, University of California, San Francisco, CA 94143, 

In an attempt to better understand the pleiotropic effects of several cytokines 
and to define their mechanism(s) of acuon at a molecular level, our laboratop 
has been studying the effects of pure recombinant cytokines on the proteins 
induced or suppressed in normal and malignant cells. First, the global paLm 
of proteins affected by a single cytokine or combination of cytokines in a 
given cell type is ascertained, using computer-based analysis of 2D gels. 
This permits the determination of the molecular weight and isoelechic point of 
such proteins and the extent of their induction or suppression in response to 
the dose and length of exposure of the cytokine. Attempts are then made to 
obtain partial amino acid sequences for several high abundance cytokine 
regulated proteins from Immobilon blots of preparauve 2D gels or from the 
elecuoeluates of individual protein spots, using conventional N-terminal or 
internal microsequencing employing Mass Spectrometry. Mass Spemornetry 
has the advantage that all peptides are potentially scquencable includmg those 
that possess post-nanslational modifications. Once a gwen pmtein has been 
idenufied, its expression at the mRNA level is then evaluated. The cell types 
that have been examined and the cytokines that have been employed in our 
studies are as follows: 

*Supported by N M  grants CA27903 and CA44446 
(1) J. Immunol. m, 485, 1988. 
(2) J. lmmunol. m, 149, 1991. 
(3) Electrophoresis 11,232, 1990. 

Human Fibroblasts (1) 
A 549 Carcinoma of the Lung (2) 

ME 180 Cervical Carcinoma Cells (3) 
A375 Melanoma (4) 
Human Monocps  (5) 

Cvtokmeo- 
IFN-a, IFN-y, IL-1, TNF 
IFN-y 
IFN-Y ACHN Renal Carcinoma (2) 
IFN-y, TNF or the combination 
IFN-y, TNF or the combination 
IL-4. IFN-yor the combination 

Our studies prove that cytokines of divene primary, secondary and tertiary 
s m c m  can have overlapping pattms of proteins in a given cell type. They 
also demonstrate that the same two cytokines in combination (i.e. TNF and 
IFN-y) can have different effects on the patterns of proteins induced in 2 
different cell types, (Le. melanoma and cervical carcinoma cells), and 
indicate that diverse molecular mechanisms may be involved in mediating the 
functional synergistic antiproliferative effects of these two agents. 
Funhe~morc, we have k n  able to identify several IM-y -induced proteins 
not previously associated with the action of IFN-y. and have srudied their 
expression at both the pmtein and mRNA level. 

(4) In Tumor Nccrosis Factor: S n u ~ m .  Mechanism 

(5) Clin. Res. 3, 57A, 1991. 

of Action, Role in Disease and Thmpy  I& 
in press, 1991. 
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J 019 

Department of P d a t n c s  and the Cancer Research hshtute, University of Calhmia.  San Francisco, CA 94143.* 

THE ROLE OF INTERLEUKIN-4, INTERFERON-y AND TUMOR NECROSIS FACTOR IN T H E  HUMAN THYMUS: STUDIES OF 
THYMOCYTE PROLIFERATION AND LOCALIZATION OF CYTOKINE-PRODUCING CELLS. Marianne Murphy and Lois B. Epstein, 

An ordered and highly regulated production and interaction of cytokines in 
the thymic micruenvironment appears to be necessary for normal th mocyte 
maturation. We have examined the interaction of interleukin-dl (IL-4). 
interferon-y (IFN-y) and tumor necrosis factor a (TNF) on postnatal human 
thymocyte proliferation. IL-4 was found to induce proliferation of postnatal 
human thymocytes in the absence of exogenous mitogen. The IL-4-induced 
e f e r a h o n  correlated with the proportion of T cell receptor y,8 (TCRy.8)- 

ng cells in unse arated thymoc te preparations. Using a new method 
for the isolation of TERy,G-bearing Jymocytes from the human thymus, we 
have directly demonstrated vigorous roliferation of these cells in response 
to IL-4. We also observed that both &N-y and TNF inhibited IL-4-induced 
proliferation in a dosedependent manner. These studtes define an important 
role for IL-4 in the roliferation of TCRy,G+ th mocytes and suggest 
re ulatory functions f& IFN-yand TNF in human xymocyte roliferation d also examined the effects of these cytokines on thymocytes L m  children 
with Down syndrome (DS, trisomy 21) because children with DS have a 
markedly increased susceptibility to infection and abnormal patterns of 
thymocyte maturation (1). In addition, trisomy-21 cells are known to be 
more sensitive to the effects of IFN-y making this aneuploid condition a 
particularly appropriate system for examining the influence of IFN-y on 
thymocyte maturahon. We observed that DS thymocytes also proliferated in 
response to IL-4, but that proliferation by these cells was inhibited to a 
greater extent by both IFN-y and TNF. To confirm the presence of IFN-y 
and TNF in postnatal human thymuses and to implicate their involvement in 
the abnormalities associated with DS thymocyte maturation, we have used 
the rechnique of in situ hybridization todeternine the prevalence and Iccation 

of IFN-y and TNF mRNA expressing cells in frozen sections of postnatal 
DS and control thymuses. In control thymuses we found IFN-y mRNA 
expressing cells randomly distributed throughout the thymus, predominantly 
in the conex. In contrast, TNF mRNA expressing cells are localized in the 
connective tissue of the trabeculae, at the conico-medullary junction and in 
the medulla, sometimes in close association with Hassall's corpuscles (HC). 
These studies indicate distinct locations for IFN-y and TNF production in the 
human thymus. Current studies are in progress to confirm that these 
cytokines are also produced at the protein level. DS thymuses have a 
markedly elevated presence of TNF mRNA expression corn ared to age- 
matched control thymuses. In DS thyuses ,  numerous ce% expressing 
high levels of TNF mRNA were foun clustered in groups, predominantly 
in the connective tissue and at the mrtico-medullarf;junctions. In addition to 
the known anatomical abnormalities found in S th muses, including 
cortical depletion and greatly enlarged HC, we observeJthat DS thymuses 
contain high numbers of mast cells in the same sites as the TNF mRNA 
expressing cells. Efforts to identify the IFN-y and TNF producing cells in 
the human thymus and to determine whether mast cells could be a source of 
TNF in the thymus are currently underway in our laboratory. The increased 
presence of mast cells and their co-localization with TNF mRNA ex ressing 
cells in DS thymuses suggest that TNF produced by these ceyls may 
influence the development of morphologic and functional abnormalities in 
the DS thymus. 

(1) Murph M E stein LB. 1990. Clin. Immunol. Immunopathol. 15:453. 
*supponedl by N ' 81 grants AG 08938 and CA 08931 

J 020 ROLE OF LYMPHOKINES IN THE CONTROL OF HEMATOPOIETIC CELL DIFFERENTIATION AND ACTIVATION, Giorgio Trinchierf'. Harek 
Kubin', Jean W. Guptal. and Marco Cassatella', 'The Wistar Institute, Philadelphia, PA (USA) and 'The Institute of 

Pathology, University of Verona, Verona, Italy. 
T lynphacytcs and Yeturd K i l l e r  (YK) cells pr&e va r ie t y  o f  lynphetiner w i th  both 
s t i m l a t o r y  a d  i d i b i t o r y  e f fec ts  on h-topiesis,  &r ing i- res-e, 
i n f lm t i rn .  or exposed to d i f f e ren t  S t i m l i ,  such as i n t e r l d i n  2 (IL-2) or 
imre cnplexer.  S m  of these lyaphotiner arc exclusively pr&ed by lynphocyter. 
e.9. i n t e r l e d i n - 3  ( 1 L - 3 )  and i- in te r fe ron  ( I F Y - 1 ) .  uhercss others arc slso 
pr&ed by r e n r s l  other cell typs. unno the LInphoti-s wtth s t i m l a t o c y  ef fects 
on haaatopiesis,  T d YK c e l l s  produce revers1 Colony-St imlatory factors (CSF) 
i nc l t d ing  w-csi, n - c s i ,  and N l t i -CSF or I L - 3 .  Other lyaphotiner p r h e d  by T and YK 
cel ls,  s w h  8s I F Y - 1  and the t- t y p s  o f  TYF (TYF-e and WF-g or lyaphotoxin) have 
c o w l e x  e f fec ts  on h- top ie r i s .  i n c l d i n g  rad iop ro tec t im  of bm mrrw fmct!ons 
vivo (probably md ia ted  by secondilry i b t i o n  o f  CSF v o d u c t i m ) ,  i n h i b i t i o n  Of 
a i f e r s t i o n  o f  p r w m i t o r  cells in, induct ion o f  d i f f e r e n t i a t i o n  of ayelo- 
-ytic precursor cells, end f v v t i o n a l  ac t i va t i on  o f  terminal ly d i f f e r m t i a t e d  
nutrqhilr and nauxyte-nucrophages. 

T and YK cells have bem shorn to hew an e f fec t  - on hematopoitsis in both 
p h y r l o l w i c  and pathologic c m d i t i m s .  mdisted m r t l y  t h r q h  the i r  production of 
lynphokiner. H-ver, the naif inportant r o l e  Of the production of h m r s l  factors 
af fect ing h-topiesis bf LVnphayter probably resides in the recruirnmt and 
ac t i va t i on  o f  e f fec to r  c e l l s  o f  --adaptive i-ity, e.g. neutrophils and mcrophages. 
during i n f l m t i o n  and i- response. nost of the l *npho t iw r  pr-ed by T and YK 
cells, i n c l d i n g  the C S i s .  I t -3 ,  T l i i ,  end L F Y - 1 ,  are potent activators of such ef fector 
c e l l s .  

TYF and I F Y - 1  charac te r i s t i ca l l y  n y n r g i r e  in mny o f  t h e i r  e f fec ts  on hematopiesir .  
For exanplt, the tyo l yaphok in r  in c h i n a t i o n  m d i s t e  a M c h  higher i nh ib i t i on  Of 
h-t-ietic colony f o m t i m o r  induct ionof d i f f e r m t i a t i o n o f  leukemic n y c l o i d c e l l s  
than each LIlrphotine i rd i v idua l l y .  In order to s t d y  the mlecular aechsnisns by A r c h  
T Y i  and I i W - 1  rnduce d i f f e r m t i s t i o n  o f  nyelo-mKDCytic cells a d  ec t i va t i on  of 
r r u t r q h i l s  end nmocytes. we have analyzed the e f fec t  o f  these lynphotlner on the 
expression of the genes mcdtng the p l w p r i d e s  pa r t i c i pa t i ng  i n  the a c t i v i t y  of the 

Neurobiology (Joint) 
JO21 CYTOKINES IN DEHYELINATION AND DYSHYELINATION, Jean E 

Hanuel A. Orellanal, and Irvin S . Y .  Chen', 'Department 
Immunology, U.C.L.A. School of Hedicine, Los Angelea, CA 90024 
The demycltn.ting direare multrple sclero11s (6) I S  thought l o  be the result  of 

autolmune praeerrer involving Overreactive CD4+ T cells which produce Interferon 

g a m  ( I F N f ) ,  I n te r l euk in  2 (112) .  and other cytot iner There T cells a c t i v a t e  

peripheral blaad macrophages which. as a consequence. migrate lnto the central  

nervous sys tm ( C N S )  wtth the T cells and create ! n f l a m t l o n  The macrophages are 

a c t l i e l y  producing In te r l euk in  1 (ILL) and t u m r  necrosis factor alpha ( T H F N )  
l h , r  lnf l - tory event I S  associated w i th  dmyelrnat ion and death of the 

oligodendracytc. the g l i s l  cell producing myelin In addlt ian.  dstrocytes > n  the 

lesion or plaque respond by gl?osts, an event which includes p ro l i f e ra t i on  and 

hypertrophy These g l i a l  cells. rhrch do not n o m l l y  express the c las s  I 1  major 
h l r t o c 0 m p r t l b i l ~ t y  antigen (RHCII) or HLA-OR,  become DR' ~n response t o  ! m u m  
! n f l r m t , o n  Ilkcrogllal cells are  bone-marrow der l red macrophager, these cells 
a r e  also act ivated by t h i s  process Both microglla and af t rocytes have been shown 

to  produce 1 1 1  and T H F L L ~  *'yo t n  MS lerionr,  these c e l l s  and the 

invading macrophages also appear t o  produce these cytokrnes Both gI!sl 
populat ioni  respond to IL I  and TNFc by Thtr response. and 

tne 11 a gllorlr seen !n astmcyte cultures.  \I the lndrrect  e f fec t  of other 

cytokines induced by I L 1  and INFA Ye hypothesize that 1nterleuk)n 6 ( I L 6 )  and 

colony s t i w l a t l n g  factors are the secondary cytoklner Induced l L 6  I S  cnden t  at  
the les!on edge and blood brain b a r r r t r  In additton, I L 1  and TNF<are Implicated 
in the destruction of myelrn and death of the oligodendrocyte Transforming g r a t h  

factor beta ( T G F P I  I S  a natural antagonist of I t 1  and TNF< I t  I nh ib i t s  micropila 

p r o l I f t r a t > o n  

Y M P n - d e p d m t  oxidase. the m q m t i c  cmptcx r e s m i b l e  for  the famet ion  of 0 i n  
phagayr ic cetlr &ring the respiretory burst. iovr c a p a m t s  of the W P H  o.xi&ase 
have bem characterized i n d i f f e r e n t  iaboratori- d t h e i r  9-6 have been mlecularly 
c l d :  gp91 and 9 2  are two e m b r a n  proteins corresponding t o  the hesvy d l i g h t  
chains o f  the cytmhr- B *cress @7 and pL7 are tU) c y t w l e m i c  proteinr 
~ c s s ~ r y  f o r  YMPH axidsse L??;ity. During d i f f e r e n t i a t i o n  o f  h-n leukemic w e l o i d  
c e l l  lines induced b, T Y i  and I f Y - 1 ,  the e l .  p67, and pL7 - are Iqrquleted, at 
a time preceding er corresponding to the d i f f e r e n t i e t i e n  o f  the b i l i t y  o f  the ce l l s  t o  
respond t o  extracellular n t i n t l i  w i th  a respiratory h l r s t .  U I l i t e  the other three 
g m s .  the p22 gem i s  C-t i tut ively expressed b, the y e l o i d  c e l l  l ine6 d i t s  
expression i s  rot altered by TYF and/or IFY-1 .  - s i t "  hybr id izat ion indicated that dur ing d i f f e r m t i a t i m  of the c e l l  l i n s  the 
s c c u u l s t i c n  of the gp91 d $7 t ranscr ipts was heterw-. By sorting the ce l l s  on 
the basis of YMPH oxidese a c t i v i t y  or expression o f  the n m a y t e  d i f f t m t i e t r m  
antigen W l 4 .  d i f f e ren t i a ted  c e l i s  were D b t s i d  that  cwrd ine te l y  expressed high 
shndance o f  both gp91 and pL7 t ranscr ipts as ell as m r i n e l  W14 antigen e rp re r r i a r  
and Y M P H  or idast  ac t i v i t y .  

?he molecular effects of 1FW- i  on d i f f e ren t i a ted  M t r o p h i l r  are Kit i d m t i c s l  to those 
&served on i m t u r e  w e l o i d  cell li-. The expression Of the gp9l 9- i s  rapidly 
upregutstee in M t r o p h i l s  treated wi th  I F Y . 1 .  *cress the expression of the p47 sew. 
m l i t e  ~n the c e l l  l i m s  i s  dounregulsted. The increase in the gp91 g m  cxprcssim i s  
B l i m i t i n g  event ~n the d a n c i n g  e f fec t  of I F Y - T  on m t r o p h i l  respiretory h m t ,  as 
s h o a  by the a b i l i t y  of a n t i s m e  d ig - l eo t i dc r  capl-tsry t o  the gp9l -MA to 
c q l e t e l y  prevent the d a n c i n g  ef fect  o f  I F Y - I  on the rerp,rstory h r h t  withcut 
s f fec t l ng  the basal respiretory h r s t  a c t i v i t y  o f  urtrcsted w t r o p h i l h .  Because the 
e f fec t  of I F Y - 1  on neutrophi l  gene expression has bm, demnstrsted at the -MA level 
end, in mny cases. Itt the level  o f  g m  t r*nscr ipt ion,  i t  i s  my clear that ~ n y  of the 
ac t i va t i on  e f fec ts  Of these 1yrChokiner on n u t r o p h i l  f - t ims  are w i n g  on 
t r ansc r ip t i on  and t r ans la t i on  of selected genes a r c d i n g  l i m i t i n g  factors for  these 
cellular f-ti-. 

AMlys i s  at the r i q l e  c e l l  l n e l  by 

Herrill', Fredricka C. Xartin', Liea Thomas', Thomas T. Lee ' ,  
of Neurology, 'Departments of Medicine and Hicrobiology and 

c e l l  k i l l i n g  o f  oligodendrocyter and i s  seen at the edge of burnt out plaques. I f  
: ' I ,  I L 6 ,  and T N F 6  do play a role ,n macrophage or g l ia l  cell mediated 

demyelinstion. TGFpmight provlde an u t o c n n e  feedback t o  damregulate the process. 
It might explain the IlmItation o f  plaque s i z e  or porslbly be a mechanism for the 

relapse-remission cycler seen I n  $om MS pat ients.  

CNS A I D S  patients experience neurologlcsl srmptar which include headache. 

fever.  cogni t ive changes. abnormal ref lexes. and ataxia. nore severe direare Is 
characterized by dementia and severe rensory and m t o r  dysfunction. Histological  

changer include lnflanmatlon. a r t r o g l i o s i r .  micragl ia l  nodule formation. and d i f f use  

dysmyellnatian 1" the form o f  myelin pal lor .  I n  20% o f  CHS A I D S ,  frank 

demyelination I S  seen. AIDS a rsoc i i t ed  neurological diseases are correlated w l th  

greater levels of H I V - I  antrgen or g e n m  I n  brain ttssue In A I D S  dementla. 

macrophages and microglial cells of the CNS are the p rcda inan t  cell types infected 
and producing H I V - I .  H I V - I  induction of I L 1  and TNFq. denonstrated i n  cultures of 
peripheral blood mnocytelmacrophager and glisl cells. would lead to an 
autocrine feedback loop l nvo l r i ng  fur ther v l r u r  replication i n  T cells and 
mcrophager. IL1.  IL6. m d  TNfn may account f o r  m n y  c l i n i c a l  and histopathological 

f indings i n  A IDS nervous r y r t a  disease. Srnce H I V - I  infected patients produce 

elevated cy to t i ne r  1' & and 1" i n  blood. I n r t r t i g a t i o n r  of the CNS for  
t h e i r  presence ~n association r I t h  act jvated macrophrger. astfacytes. and n lc rag l i a  

i s  o f  great importance f o r  formal association with the c l i n i c a l  and pathological 
condl t lonr.  
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J 022 THE EMERGING NEUROPOIETIC CYTOKINE FAMILY, Paul H. Patterson, Biology Division, California Institute of Technology 
Pasadena, CA 91125. 
As in the hematopoietic system, the enormous variety of 

phenotypes in the nervous system arises, in part, through the 
action of instructive differentiation signals. Neuronal culture 
assays have allowed the identification and cloning of several 
proteins that control the expression of phenotype-speafic genes in 
developing neurons. The cholinergic differentiation factor (CDF; 
also known as leukemia inhibitory factor; LIF) induces and 
suppresses the expression of a number of neurotransmitter 
synthetic enzymes and neuropeptides in several types of 
postmitotic neurons. Many of these effects are reversible, and the 
particular genes affected depend on the type of neuron under 
study. Ciliary neurotrophic factor (CNTF) alters the expression of 
the same set of genes in sympathetic neurons as CDF/LIF. The 
predicted tertiary structures of these two proteins suggest they 
belong to a family of cytokines that includes IL-6, ONC, MGF and 
G-CSF. This association is strengthened by the finding that the 
receptors for CDF/LIF and CNTF are homologous to the 
transduang and ligand binding subunits, respectively, of the IL-6- 
R. Moreover, CDF/LIF is a polyfunctional cytokine that shares a 
remarkable overlap with ILL-6 in its actions on non-neural tissues. 

To begin to study the role of CDF/LIF in oino, we have 
localized its mRNA using RT-PCR and RNase protection 
methods. CDF/LIF mRNA levels are developmentally 
modulated, and substantial differences are observed between 
tissues. Particularly high expression is found in the target tissue of 
cholinergic sympathetic neurons, the footpads that contain sweat 
glands. Sweat glands were previously shown to induce 
noradrenergic sympathetic neurons to become cholinergic in 
vivo. Biochemical and immunological analysis indicates that a 
protein resembling CNTF is also present at the appropriate time in 
the footpad to mediate the phenotypic conversion that 
sympathetic neurons undergo during normal development. In 
addition, CDF/LIF mRNA is selectively expressed in discrete 
regions of the postnatal rat brain, and in liver and spleen at 
particular ages. These results support the possibility that CDF/LIF 
plays a role in hematopoiesis and in the mature CNS. 

References: F. Bazan, Neuron 7 197, 1991; S.C. Landis, TINS 13: 
344, 1990; P.H. Patterson, Cell 6 2  1035, 1990; P.H. Patterson, Curr. 
Opinion Neurbiol. 2 in press, 1992; D. Metcalf, Ed., CIBA Found. 
Symp. 167, in press, 1992. 

Cytokines and the Cardiovascular System 
JO23 MODULATION OF CARDIAC MYOCYTE AND INTERSTITIUH BY IFMJNE CYTOKINES. C.A.  Spilburg', J.Chao'. G.F. Schreiner' and L.G. 

Lange', 'Department of Medicine, Jewish Hospital of St. Louis, Washington University School of Medicine, and 'Department 
of Pathology, Washington University School of Medicine, St. Louis, MO 63110. 
The degradation of collagen (fibril form and gelatin) in the detected. Non-reducing zymography of activated medium on gels 
heart was studied in order to investigate the mechanisms of containing 1 mg/ml gelatin showed the presence of five enzyme 
cardiac remodeling that occurs in immune-mediated species - _  130 kDa. 95 m a ,  72 kDa, 67 kDa and 53 kDa, vith 
cardiomyopathies. cardiacallograftrejectionoraftermyocardial the 72 kDa and 67 kDa forms comprising over 80% of the 
infarction. Medium from confluent rat cardiac fibroblasts showed zymographic activity. This proteolytic activity was enhanced 
little or no collagenase or gelatinase activity. However, when by exposing fibroblasts to IL-1 (0.1 ng/ml) vith most of the 
this same medium was exposed to 1 mH 4-aminophenylmercuric increase occurring in the 72 kDa species. These results 
acetate for 2 hr at 37OC, the level of gelatinase activity indicate for the first time that gelatinases are secreted by 
increased markedly, indicating that this cell type synthesizes cardiac fibroblasts and hence may play a role in heart 
and secretes a progelatinase. N o  collagenase activity was remodeling when stimulated by immune cytokines. 

Ontogeny ofAging 
J024 AGING AND LYMPHOKINE PRODUCTION BY T CELL SUBSETS, DavidN. Ernst, William 0. Weigle, 

and Monte V. Hobbs. The Scrims Research Institute. La Jolla. CA 92037. 
Recent studies on T cell clones and'normal T cells from 
humans and experimental rodents have revealed T cell subsets 
which can express unique patterns of membrane 
differentiation antigens, activation requirements, signal 
transduction pathways, and cell cycle activities. These subsets 
can perform unique regulatory or effector functions which 
can reflect restricted patterns of cytokine gene expression. 
These findings have led to the development of T cell-subset 
paradigms for modeling the intercellular communications 
that underlie T-cell dependent immunity. We and others 
have begun testing whether or not the decreased immune 
competence of old animals more accurately reflects large 
shifts in the representation of functional T cell subsets rather 
than the accumulation of intrinsically-defective T cells. 
Accordingly, we have analyzed CD8+ and CD4+ T cells from 
young, middle-aged, and old mice for their expressed 
patterns of three membrane molecules, 3Gl1, CD45RB, and 
CD44, thought to be differentially displayed by T cell 
subsets. In concert, we have profiled the stimulation- 
dependent patterns of cytokine gene expression and cytokine 
release by these subsets. The results showed that increasing 

donor age is accompanied by increasing percentages of 
3G 11'0, CD45RBI0, and CD44hi cells within the peripheral, 
CD8+ and CD4+ T cell populations. In comparison to young 
controls, stimulated CD8+ T cells from old mice produced 
higher levels of TNFa. TNFB, and I F N y  when cultured with 
plate-bound anti-CD3 antibody. Stimulated CD4+ T cells 
from old donors produced higher levels of IL-3, IL-4, IL-5 
and IFNv, similar levels of IL-2, IL-6 and TNF& and lower 
levels of TNFa. In contrast, the DNA synthetic responses of 
both T cell subpopulations from old mice were diminished. 
Based on these findings and previous reports, it would appear 
that T cell populations from old donors display altered 
functional repertoires commensurate with changes in their 
subset makeup. The results from these and other studies have 
led to a model for the age-related decline in T cell-mediated 
immunity which considers the striking shifts in the subset 
makeup of peripheral T cells subpopulations. These subset 
shifts are viewed as potential sources of major deficits and/or 
dysregulations in T cell-dependent immunity which may 
contribute to immunosenescence. 
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Str& responses prot& the organism against adverse conditions and mediate 
adaptation to stress. Impairment of stress mechanisms during aging may 
contribute to neurodegenerative disease. Glucocorticoids are released 
following stress and may facilitate adaptation by regulating response to a 
wound or pathology, hence their role as anti-inflammatory and 
immunosuppressive agents. These actions of glucocorticoids are often 
mediated by their interactions with cytokines. In addition, glucocorticoids can 
both accelerate age-related neurodegeneration in the adult rat hippaampus 
and prevent the loss of dentate granule neurons in developing brain. We are 
investigating mechanisms of neurodegeneratiodregeneration at the molecular 
level by cloning mRNAs responsive to glumrticoids and comparing their 
responses to brain lesions in young rats. We discovered that TGF-PI mRNA 
expression in the brain is decreased 30% in response to glucocorlicoids and 
subsequently showed that TGF-pl mRNA is increased 500% in response to 
several different brain lesions. The mRNA is differentially expressed both 
at the site of injury and in the deafferented area at different times after 
lesion, and eventually returns to unlesioned control levels. The pattern of 

J 025 

Department of Biological Sciences. university of Southern California, Los Angeles CA 90089-0191. 

REGULATION OF TGF-Pl mRNA IN ADULT RAT BRAIN IMPLICATIONS FOR NEURODEGENERATIONIREGENERATION AND 
AGING, Nancy R. Nichols, Nicholas J. Laping, Todd E. Morgan, Giulio M. Pasinetti, and Caleb E. Finch, Andrus Gerontology Center and 

TGF-PI gene expression in the deafferented area is distinctive and overlaps 
with that of specific antibody staining for activated microglia or reactive 
astrocytes depending upon the lesion. In response to a neurotoxic lesion, the 
pattern of TGF-pl mRNA expression is consistent with the area of neuronal 
cell death. These data indicate that although various lesions increase the 
expression of TGF-Pl mRNA, the cellular pattern of expression may vary 
with the insult. In vivo TGF-p1 administration into the lateral ventricle 
increases three hippocampal mRNAs which are also increased after brain 
lesion hut has no effect on other lesion-induced mRNAs. These data 
indicate that TGF-pl may orchestrate select aspects of the response to brain 
injury. Finally, hippocampal TGF-@I mRNA u elevated in 24 mo rats 
compared with 6 mo and 15 mo male Fisher 344 rats. Collectively, these 
data implicate TGF-pl in neural plasticity. Therefore, TGF-PI could play an 
important role in brain injury, aging and neuroendocrine adaptation, 
particularly in view of the similarities between tissue repair and disease 
processes regulated by TGF-p peptides in peripheral tissues. (Supported by 
PHS #AGO7909 and The Brmkdale Foundation) 

J 026 ACTIVATION DEFECTS IN T LYMPHOCYTES FROM OLD MICE, Richard A. Miller, Department of Pathology and 
Institute of Gerontology, University of Michigan, and Ann Arbor VA Hospital, Ann Arbor, MI 48109. 

Work in many labs has now established that T cells from old 
mice and old people show defects both in production of and in 
response to IG2. Our laboratory has focussed on two 
components of age-related decline in mouse T cell function: 
replacement of naive T cells by memory cells, and defects in 
activation pathways that depend on calcium signals and protein 
kinase activation. 

Memory T cells accumulate with age, and several lines of 
evidence suggest that this transition is largely responsible for loss 
of both IL2 production and response. (1) Purified memory T 
cells, from old or young mice, are less likely than naive cells to 
respond to Con A or to the superantigen SEB by production of 
IL2 in limiting dilution assays. IL-3 producing T cells are also 
rare in the memory T cell subset, aa are cells that can respond to 
Con A and IL-2 by proliferation or by differentiation into 

z C D 4 4  marker, produce smaller chan es in cytoplasmic 
calcium than virgin T cells when exposef either to receptor- 
dependent agents like Con A and aCD3, or to receptor-bypassing 
agents l+e ionomycin. (3) Subpopulations of T cells, from young 
or old mce, purified by their ability to produce a mitogen- 
tri gered calcium signal are found to contain nearly all of the 
cejs able to produce or respond to IL-2. (4) A newly developed 
Pemlllionomycin gradient method that separates cells on the 
basis of intrinsic resistance to ionomycin-induced increases in 

toxic effectors. (2) Memory T cells, detected by expression of 

calcium ion concentration shows that the ionophore-resistant T 
cells are largely CD441o and function poorly in tests for IL-2 
production and response. All these approaches thus show the 
association, in young or old mice, of three properties -- memory 
cell surface phenotype, resistance to calcium signal generation, 
and poor function in limiting dilution assays - that distinguish T 
cells from young and old donors. 

More recent data on protein phosphorylation, however, 
suggest that the accumulation of memory T cells with aging may 
not be the only basis for altered T cell function in old age. Using 
two-dimensional electro horetic separation of "indicator" 
phosphoproteins we fincfthat middle-aged and older mice exhibit 
a progressive and eventually quite severe decline in 
phosphorylation of a wide range of Con A and aCD3 responsive 
protein substrates. Defects in receptor-mediated signal 
transduction cannot by themselves account for these changes, 
since (a) T cells from old mice show mallel losses in 
phosphorylation induced by intracetdar agonists like PMA and 
ionomycin; and since (b) Con A, aCD3, and PMA each induces the 
phosphorylation of three substrates in T cells from old mice that 
are not phosphorylated in young animals. Finally, we have used 
indicator phosphoproteins that distin h virgin from memory T 
cells in young mice to show that the 
phosphorylation seen in oId mice cannot be attributed simply to a 
replacement of normal naive by normal memory cells. 

patterns of 

Cytokine Interactions in Bacterial and Parasitic Disease 
J 027 CYTOIUNES IN THE PATHOGENESIS OF MURINE LEISHMAMASIS. Richard M. Locksley, Frederick P. Heinzel, Michael D. 

Sadick. Benie J. Holadav, Steven L. Reiner and Farah Hatam. Universitv of California San Francisco. San Francisco. CA. 
Infection of BALB/c mice with Leishmania major leads to progressive 
dissemination of the parasite and fatal disease associated with expansion of 
CD4+ T cells that express mRNA for IL-4 and IL-10, consistent with a 
Th2 phenotype (1). A number of immunologic interventions, including 
sublethal irradiation or adminisnation of anti-CD4+ or anti-IL-4 
monoclonal antibodies, at the time of inoculation of the parasite, results in 
contml of Leishmania replication and establishment of immunity. In each 
case, such interventions are associated with expansion of CD4+ T cells that 
express mRNA for IL-2 and IFN-y, consistent with a Thl phenotype. 
Cell lines were established from BALBk mice with progressive infection 
or with established immunity that were CM+, expressed CJp T cell 
receptors, and proliferated and released cytokines in response to L. major 
antigens. The cell line from the animal with pmgressive infection released 
IL-4 and IL-5 and accelerated the course of infection when passively 
aansferred into scid mouse recipients prior to challenge with parasites. 
The cell line from the immune mouse released IFN-y when incubated with 
parasite antigens and protected mipient scid mice following passive 
transfer. CD4+ T cells could be recovered frcm the reconstituted scid mice 
6 weeks after infection that mainrained the cytoldne profile of the parental 
lines. The effects of the Th2 cell line could be completely abrogated by 
simultaneous adminsuation of anti-IL4 antibody, whereas the effects of 
the Thl cell h e  could be. abrogated by adminisnation of anti-IFN7 
antibody. Funher analysis of the neuualizing effects of antibodies were 

carri& out in susceptible BALB/c &nsist&e C57BIJ6 mice. The ability 
of anti-IL-4 antibody to protect BALB/c mice was lost if antibody was 
administered later than 7 days following infection; a single dose CompleteIy 
cured recipient animals. Similarly, a single dose of anti-IFN-y reversed 
the ability of C57BU6 to contain infection; again, administration later than 
7 days after infection had little effect Finally, administration of large 
doses of recombinant murine IFN-y to susceptible BALB/c mce  from the 
time of infection had little effect on the course of disease, and 
adminstration of recombinant I L 4  had little effect on the capacity of 
C57BU6 mice to heal. Co-infection of C57BU6 mice with 
Nippostmngylus brasiliensis in order to elevate endogenous levels of I L 4  
also had no effect on the ability of the animals to both cure L. major 
infection and expulse the nematode from the intestine. Although L 4  and 
IFN-y are necessary for progressive infection and establishment of 
Leishmania immunity, respectively, neither seems to be sufficient. The 
cell of origin of the early levels of IG4 and IFN-y that influence the later 
development of a mame Thz or Thl response remains to be idenrified. 
(Supported by NIH AI 26918) 

1. Heinzel FP, MD Sadick, SS Mutha, RM Locksley. 1991. Production 
of interferon y, interleukin 2, interleukin 4, and interleukin10 by CD4+ 
lymphocytes in vivo during healing and progressive murine leishmaniasis. 
PIX. Natl. Acad. Sci. USA 88:7011. 
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Late Abstract 
ROLES FOR THE TMbLSFORMlNG GROWTH FACToR-beta SUPERFAMILY IN VERTEBRATE EMBRYOGENESIS. Gerdd H. Thornsen, 
Dohrmann. Sergei Sokol. Malcolm Whitman, Tod WOolf. Shin-lchiro Nishimatsu', Naoto Uenot and Douglas A. Melton. Department 

Biochemistry and Molecular Biobgy. Haward University, 7 Divinity Avenue, Cambridge. MA 02138; and flnstitute of Applied Bidemistry, 
Tsukuba University. Tennodai. Tsukuba 305. Japan. 

We are stw3ying the !unction of members of the TGFD family of peptide 
growth factors in vertebrate embryogenesis, particularly with respect 
to the induction and patterning of the mesoderm In the frop Xenopus. 
We have identified the TGFD-related activins as potent mesoderm 
inducers in explants of blastula stage animal hemispheres, which 
develop a variety of dorsaVanterior mesodermal and neural tlssues In 
response to activin treatment. These tissues Include notochord. 
somitic muscle. neural tube. brain and eye components (Including 
retina and lens). The induced structures are often arranged in a 
pattern similar to that in an Intact embryo. The mechanism of this 
patterning is unclear but It is due in part to dorsal-ventral differences 
in lhe responsiveness of animal cap cells to activin. Mesoderm 
Induction begins during the transcriptionally-silent early cleavage 
period of the blastula under the control of substances present in the 
egg. Two activin genes, RA and 88, code for homodimeric activin 
proteins A and B, respectively. Transcripts of the DB gene are first 
detected by RNAse protection in the late blastula stage. during the 
latter half of the mesoderm induction period. while RA transcripts 
first appear around the time of neurulation. significantly after 
mesoderm inductin has finished. Using activin-specific primers in 
PCR amplification of cDNA we find no evidence for activin transcripts 
in fertilized eggs or early blastula stages preceding ZygOtiC gene 
activation at the mid-blastula transition. Activin B therefore appears 

as a good candidate for a natural dorsallanterior mesoderm Inducer. 
Consistent with this possibility we observe that Injection of synthetic 
activin mRNA into the ventral side of the blastula induces a partial 
secondary dorsal axis. The simple prediction fhat activin mRNA may 
be dorsally localized in normal embryos does not hold, however. as 
instead it is uniformly distributed. The temporal and spatial aspects of 
activin protein in the embryo remain to be determined. 

Based on the activin gene expression profiles we suggest that 
actvin B may function in the late blastula as an intermediate agent in 
the mesoderm induction cascade, since its mRNA appears too late in 
development to encode the earliest mesoderm inducing signal. Thus we 
have sought and idenlified TGFD members whose mRNAs are present 
maternally and which might mrrespond In part to the earliest acting 
mesoderm inducer@). These genes are Xenopus homologs of 
mammalian bone morphogenetic proteins (BMPs) and are related to 
Drosophila decepentaplegic (dpp) and Vgl (previously known to be 
maternal in Xewpus). They are referred to as DVR2, DVR4 and DVR7 
(DVR stands for Recapentaplegic-yg-Belated). They are expressed 
from egg through at least neurula stages and functional tests indicate 
that they may be involved in ventral mesoderm formation. The latest 
experiments addressing spatial and temporal expression profiles and 
functions of TGFD genes will be presented. 
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Embryogenesis and Development; Inflammation and Repair 
JlOOCHARACTERIZATION OF IL-1 PRODUCING CELLS IN 

PEYER'S PATCHES AFTER INFECTION OF MICE WITH 
VERSINIA ENTEROCOLITICA 08. H. Ulrich Beuscher, 
Ulf-Peter Rausch and Martin Rollinghoff, In- 
stitute of Clinical Microbiology, University of 
Erlangen-Nurnberg. Wasserturmstrasse 3 ,  8520 
Erlangen, Germany. 

In vivo production of IL-1 (i.e. IL-la and 
It-ll3) was studied in inflamed Peyer's Patches 
IPP) resulting from infection of mice with U_ 
._ enterocolitica 0 8 .  By using t w o  antisera specific 
for IL-la and IL-113. imnunohistochemical analysis 
of frozen tissue sections revealed t w o  types of 
cells producing either IL-la or IL-113. In ad- 
dition, imnunofluorescence double stainig demon- 
strated a few cells coexpressing both types of 
IL-1. All IL-I producing cells stained positive 
with anti Mac 1 antibodies and must therefore be 
corisidered as phagocytic cells. Myeloperoxidase 
staining of tissue sections showed that only the 
IL-113 positive cells, but not the IL-la positive 
cells contained the peroxidase activity. Control 
experiments allowed the detection of peroxidase 
activity in monocytes b u t  riot in mature macro- 
phages. Finally, when comparing the kinetics of 
IL-1 production by infiltrating phagocytes, 
induction of IL-la was delayed by at least 24 h. 
We conclude that cellular differentiation of 
mononuclear phagocytes migrating into the in- 
flamed tissue is one mechanism involved in 
regulation of IL-1 expression in v i v o .  

J 102 POTENTIAL ROLE OF IL-1 AND 
METALLOPROTEINASE EXPRESSION DURING 

HEART DEVELOPHENT, Thomas K. Borg, Masao 
Nakacjawa, Kristofer Rubin and Louis Terracio, 
University of South Carolina, Columbia, SC 
29208. Recent studies have demonstrated the 
involvement of cytokines, especially IL-1, in 
embryonic development. One potential role for 
IL-1 in the development is the regulation of 
metalloproteinases secretion. These enzymes 
appear to be necessary for the remodeling of 
existing extracellular matrix (ECM) during 
morphogenetic events of heart development such 
as trabaeculation, valve and septum formation. 
To determine the association between IL-1 and 
collagenase expression, immunolocalization of 
these components during development was 
examined in the rat heart from 9.5 to 12.5 
days of embryonic development. The results 
show a temporal and spatial localization of 
antisera against both IL-1 and the 72 kD 
collagenase which peaked at 11.5 days and 
correlated with the early events of valve 
formation in the endocardia1 cushions and 
trabaeculation of the ventricular chambers. 
These data document the presence of these 
components at the time when the ECM is 
undergoing remodeling to achieve the final 
form of the heart. 

J101 ANALYSIS OF CYTOXINE mRNA LEVELS IN 

QUANTITATIVE POLYMERASE CHAIN REACTION 
INTERLEUXIN 4 TRANSGENIC MICE BY 

Thomas Blankenstein, Cornelia Platzer, Gunther 
Richter, Klaus uberla and Tibor Diamantstein, 
Institute of Immunology, Klinikum Steglitz, 
Free University Berlin, 1000 Berlin 45, FRG 
Cytokine mRNA levels were compared between 
spleen cells of interleukin (IL) 4 transgenic 
and normal mice by quantitative polymerase 
chain reaction (PCR). Therefore, a plasmid was 
constructed which contains in tandem array 5' 
and 3 '  primer specific sequences for the 
cytokine genes IL1-IL6, tumor necrosis factor 
(TNF) , lymphotoxin (LT) , interferon-r (IFN-r) 
and for control 8-actin. A distance between 5' 
and 3 '  primers has been choosen that target and 
control DNA differ slightly in size. During 
coamplification, target and control DNA compete 
for the primers and the amount of PCR product 
is proportional to the amount of input DNA. By coamplification of constant amounts of p-actin 
control fragment and serially diluted cDNAs, 
the cDNAs were adjusted to identical 
concentrations. Subsequently, a fixed amount of 
the calibrated cDNAs was amplified in the 
presence of serially diluted control fragment 
to determine the cytokine mRNA level. The 
sensitivity of this approach was demonstrated 
by the capability to detect a two-fold 
difference in IL4 mRNA levels between IL4 
transgenic heterozygous and homozygous animals. 
Upon LPS activation, the IL4 transgene which is 
expressed essentially in B-lymphocytes was 
induced approximately 50-fold. A number of 
cytokines (IL1, IL5, IL6, IFN-r) and also the 
IL4 receptor were found to be upregulated in 
IL4 transgenic mice whereas IL2 and I L ~  ~ R N A  
levels were not increased. These results 
demonstrate the usefulness of quantitative PCR 
to analyse the regulatory network of cytokines 
'in vivo'. 

J 103 PHENOTYPIC CHARACTERIZATION OF THE 
CONTRA IL-2 PRODUCING HYBRIDOMA, AS-9, 

Elise Brownell, Lynn Fiorentino, Douglas Austen, 
and Takashi Maki*, Molecular Therapeutics, Inc., 
West Haven, CT 06516, *New England Deaconess 
Hospital, Boston, MA 02215 
An immunosuppressive molecule named CONTRA IL2 
is produced by murine spleen cells following 
exposure to antilymphocyte serum (ALS). This 
substance inhibits Cod-driven spleen cell 
proliferation, IL-2-dependent CTLL proliferation 
and CTL generation in mixed lymphocyte 
reactions. One of the goals of our laboratory 
is to characterize CONTRA IL2 at the molecular 
level. To this end, a CONTRA ILZ-producing 
hybridoma line (AS-9) was developed from 
ALS-treated murine spleen cells. In this study, 
we determine the phenotype of the parental 
splenic cell that is the source of the 
immunosuppressive activity. A combination of 
PCR-assisted mRNA analysis, Northern analysis 
and cell sorting experiments suggest that 
parental cell type is derived from the T-cell 
lineage, although it fails to express any of the 
markers associated with the more well-known, 
mature T-cell compartments. One novel 
observation is that the AS-9 spleen cell parent 
is capable of expressing spliced T-cell receptor 
delta transcripts from an unrearranged locus. 
These results suggest that the CONTRA IL2 
producing cell type represents a little known 
T-cell lineage in the adult mouse. 
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, J 104 TGF-f3 OPPOSES THE STIMULATORY EFFECTS OF 
IL-1 AND TNF ON AMNION CELL PROSTAGLANDIN E2 

PRODUCTION: IMPLICATION FOR PRETERM LABOR, 
Kristina Bry, Mikko Hallman, Division of Neonatology, University 
of California, Irvine, CA 92717 
Preterm labor is strongly associated with inflammation in the 
fetal membranes. Increased concentrations of cytokines, such 
as IL-l and TNF, are found in the amniotic fluid in preterm labor. 
Prostaglandins are major inducers of uterine contractions. IL-1 
and TNF promote labor by stimulating the production of 
prostaglandins by the fetal membranes. TGF-P influences cell 
growth, differentiation, immunity, and extracellular matrix 
fcrmation. We studied the effect of TGF-p on the IL-1- and TNF- 
stimulated production of prostaglandin-E2 (PGE2) by human 
amnion cells in monolayer culture. Amnion cells were treated 
with IL - la  (6.8 nglml), IL-lp (5 nglml), TNFa (50 nglml), TNFP 
(10 nglml), or vehicle (control) in the presence or absence of 
human TGFP-1 (10 ng/ml). After 36 h of incubation, the media 
were removed and analyzed for PGE2. The table shows the 
results (means+ SE) of seven separate experiments: 

PGE2 production decrease (“A) in 
(fractions of confrol) PGE2 production 

without TGFP with TGF-p 
Control 1 0.7 f 0.1 27 ? 9 
IL - l a  25.5 5 9.6 4.1 f 1.8 77 f 4 
IL-1 p 27.3 k 10.6 4.4 f 2.0 75 f 5 
TNFa 48.4 5 7.9 9.7 f 3.1 75 f 8 
TNFP 9 . 6 f  2.6 1.4 f 0.3 71 + 9  

TGFPI, TGFP2. and TGFPI ,2 were equipotent, a concentration 
of 0.1 nglml giving maximal inhibition in each case. We 
conclude that TGF-J: strikingly suppresses the prostaglandin 
production induced by IL-l or TNF. TGF-0 may be an important 
factor in preventing the labor process provoked by these 
cytokines. 

J 106 MOLECULAR CLONING OF THE RECEPTORS FOR 
HUMAN 1L-8, NAP-2, AND GRO/MGSA, Douglas Pat 

Cerretti, Carl Kozlosky, Tim VandenBos, Nicole Nelson, 
David Gearing, and M. Patricia Beckmann, lmmunex 
Corp., 51 University St., Seattle, WA 98101. 
Interleukin-8, NAP-2, and GRO (also known as melanoma 
growth stimulatory activity) are three cytokines 
belonging to a growing family of peptides which are 
chemotactic agents for inflammatory cells such as  
neutrophils. Receptors have been identified for IL-8, 
GRO, and NAP-2 on human neutrophils and granulocytic 
cell lines and it has been observed that these three 
cytokines can compete for binding. We have recently 
characterized the rabbit IL-8 receptor [Beckmann ef a/., 
(1991) Biochem. Biophys. Res., 179, 7841 and found that 
it binds only IL-8 at high affinity (Ka of 3 x l o 9  M-1) .  
The IL-8 receptor is a member of the rhodopsin super 
family of G-protein coupled receptors. Using the rabbit 
clone as a probe, we screened a human neutrophil 
library and isolated two classes of cDNAs, termed type 
I and type 11. These cDNAs are identical to clones 
isolated by Holmes et a/. [Science 253, 1278 (1991)] 
and Murphy and Tiffany [Science 253, 1280 (1991)], 
respectively. We have extended their work and found 
that the type I receptor binds Q& IL-8 while the type 
I1 receptor binds IL-8, GRO and NAP-2 
when transfected into COS-7 cells. The two cDNAs 
encode proteins that have an amino acid sequence 
identity of 77% while the type I and I1 receptors have 
an  identity of 84% and 74% with the rabbit IL-8 
receptor. There is also significant homology with 
potential coding regions of unknown function from the 
human cytomegalovirus genome. 

. .  

J 105 HYDROCOLLOID VERSUS WET-TO-DRY DRESSING TREATMENT 
OF CHRONIC WOUNDS. E.H. Burke, R.M. Taylor, R.G. 

Bennett, D.H. Murray, and W.5. Greenough. Laboratory of 
Molecular Genetics, National Institute on Aging, and 
Departments of Pathology and Medicine, Johns Hopkins 
University School of Medicine, Baltimore, MD 21224. 
Chronic wounds are a common problem in bedbound geriatric 
patients. In this study we compare the change in surface 
area, and wound histology in large ( 1 5 - 6 0  cm2) stage 111-IV 
sacral or trochanteric chronic pressure sores treated wrth 
hydrocolloid (HCD) or normal saline wet-to- dry (WDD) 
dressings over an 8 week period. Individual patients (n=3) 
had bilateral wounds which were each randomized to HCD or WDD 
treatment. Change in the area of the wounds was calculated 
from transparency tracings obtained at entry and every two 
weeks using the equation: % area change= (week 0 area - week 
8 area)/week 0 area. 6 mm biopsies were obtained from the 
center and leading edge of each wound at each time point. 
Biopsy specimens were divided and submitted for quantitative 
bacteriologic cultures (wk , O ) ,  hematoxylin and eosin, and 
trichrome staining. The remainder of the sample was frozen to 
assay for collagenase I (CSE) mRNA. The decrease in the 
surface area of the wounds was greater with HCD in two of 
three patients over the 8 week period. Quantitative cultures 
were positive for beta-strep in one patient. All specimens 
week 0 showed features of early granulation tissue with 
neutrophils, macrophages, histiocytes, edema, and new vessel 
formation. By week 4 the HCD treated wounds uniformly had 
increased neovascularization, fibrin deposition, increased 
numbers of fibrohlasts and fibrillar collagen. 5y week 8 all 
the HCD treated wounds had a mature extracellular matrix with 
dense collagen fibrils, and a marked dimunition of 
inflammatory infiltrates. The WDD treated wounds were 
relatively unchanged demonstrating minimal fibrin and 
fibrillar collagen by week 8. Thus far we have been able to 
demonstrate improvement in the healing of chronic wounds using 
HCD compared to the traditional WDD in wounds with negative 
quantitative bacteriologic cultures. We are now developing an 
approach using reverse transcription and the polymerase chain 
reaction (RT-PCR) to quantitate collagenase expression in 
these wounds. A control template for collagenase I was 
generated using site directed mutagenesis, and cloned into a 
vector that contains a T3/T7 promotor fo r  in vitro 
transcription. Inappropriate overproduction of collagenase 
may imply a role fo r  protease inhibitors in the treatment of 
these wounds. A similar approach may also be used to assess 
the efficacy of speciflc growth factors in wound healmg. 

J 107 EVIDENCE FOR DIFFERENCES AMONG MOUSE STRAINS 
AND ANATOMIC SITE IN CYTOKINE PRODUCTION BY 

MURINE EPIDERMAL CELLS, Marion J.J. Gijbels, Elske Polen, 
Harm HogenEsch, TNO Institute of Aging and Vascular Research, 
Leiden, The Netherlands 
There is clear evidence that the epidermis can function as a site for the 
initiation of an inflammatory response. Keratinocytes have the capacity 
to produce a variety of cytokines. In view of the fact that the 
inflammatory response varies in the skin of several mouse strains and in 
different anatomic sites, we investigated the cytokine production by 
epidermal cells from abdominal skin. dorsal skin and ear of C57BUKa. 
BALB/c and CBNRij mouse strain. Therefore, epidermal cells were 
cultured with and without phorbol 12-myristate 13-acetate (PMA), the 
supematant was harvested after 96h and tested for interleukin (IL)-I 
(D10 assay), IL-3 (FDC assay), IL-6 (B9 assay) and tumor necrosis 
factor alpha (TNFcr) (WEHI 164 assay). After exposure to PMA, the 
cultured epidermis of the three mouse strains contained more IL-I but 
less IL-3 and IL-6. No TNFa bioactivity was observed in supernatant of 
the keratinccytes. Little IL-3 was found in the supernatant of the 
abdominal skin and dorsal skin of the C57BL/Ka mice, whereas the IL-3 
production in the epidermis of the ear was very high. However, in the 
BALB/c and CBAlRij strain, the abdominal skin produced more IL-3 
than the dorsal skin and in the epidermis of the ear almost no IL-3 was 
observed. IL-6 bioactivity in the several sites of the skin was similar for 
the three mouse strains. The IL-6 bioactivity was higher in the epidermis 
of the ear than in the epidermis of abdominal and dorsal skin. 
The fact that the inflammatory response is different in the several mouse 
strains and in different anatomical sites Seems to be related on the 
different cytokine production of the epidermal cells. We are now testing 
the contribution of Langerhans cells and dendritic epidermal T cells to 
the cytokine production. 
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NECROSIS FACTOR FEVER. Takashi Ikejima, Xixian Zhang, Heide 
Wen. Sheldon M. Wolff and Charles A. Dinarello. Division of 
Cellular Biology, Banyu-Merck Sharp & Dohme Tsukuba Research 
Institute, Tsukuba, Japan and Division of Geographic Medicine 
and Infectious Drseases. Tufts University-New England Medical 
Center Hospitals, Boston, MA 021 11 
IL-l is one of the most potent pyrogenic cytokines and LPS IS an 
inducer of IL-1. Using a single dose of LPS (75 bglkg). there 
was no difference in the fever responses between rabbits 
receiving LPS plus a constant infusion of saline and rabbits 
receiving LPS plus an infusion of  human recornbinant IL-I 
receptor antagonist (IL-Ira) (5  vg/kg/min). However, IL- Ira 
( 5  pg/kg/min infusion or 1 mg/kg bolus) blocked the 
pyrogenicity of human L I P  (100ngkg)  in rabbits. Human 
IL-Ira is also sufficient to block 100 ngfkg & IL-ID. 
The second peak of fever which occurs with LPS is also 
observed with high doses of TNF and regardless of the stimulus 
(LPS. TNF, Sraphylococcus epidermidrs, E. coli). the plasma levels 
of IL-Ip are consistently elevated between 2 and 4 h and reach 
peak elavation at 3 h. 
the 3 h fever peak. Since TNF induces IL-I and IL-6 in  v i m  
and i n  vivo. the second fever peak which reaches maximal 
levels 3 h after TNF, thought to be mediated by either IL-I or 
1L-6. However, there is no diminution of the febrile response 
by a constant infusion of IL-Ira. We were unable to measure 
circulating IL-6 levels in these rabblts due lo technical 
difficulties. TNF-induced second fever is independent of IL-I. 
The same dose of IL-Ira infusion did not reduce the 
Staphylococcus epidermidis-induced fever (1 x lo9  cells/kg).  
These results suggest that IL-I may not be mediating the fevers 
due to LPS. Staphylococcus epidermidis or TNF. The results are 
further complicated by the demonstration that blood IL-lta 
levels taken at the end of IL-Ira infusion were significantly 
lower in rabbits receiving either LPS, Staphylococci or TNF 
than rabbits receiving saline. This would increase the 
requirement for IL-Ira. 

THE EFFECT OF INTEWUKIN-1 RECEFTOR ANTAGONIST 
ON U-1. LPS. STAPHYLOCOCCUS EPIDERMIDIS AND TUMOR 

The 3 h time point corresponds best with 

J 11OHUMAN LIPOCORTIN-1 INHIBITS INYERLEUKIN-1-INDUCED 
NEUTROPHIL MIGRATION IN THE MOUSE AIR-POUCH 

MODEL., M Perretti, L Parertie#, J Browning’ and R J Flower. Department 
of Biochemical Pharniacology. The Medical College of St. Bartholomew’s 
Hospital. London, UK, #Sclavo Research Centre, Siena, Italy and *Biogen 
Research Corp, 14 Cambridge Centre, MA 02142, USA. 

Lipocortin-1 (LC-1) and interleukin-1 (IL-1) are endogenous proteins with 
different effects on the acute inflammatory process: LCI  has anti-inflammatory 
properties mediating in part the effecls of glucocorticoid hormones (1.2) 
whereas IL-1 has a pro-inflammatory profile stimulating migration of 
polymorphonuclear cells (PMN) in the early stages of acute inflammation (3). 
Pouches were formed on the back of male mice (22-25 g) by injection of 2 ml 
slerile air on day 0 and 3 (4). 1L-la (20 ng) injected into the pouch on day 6 
induced a fast and intensive migration of PMN at 4 h (8.9 0.4 x 106 PMN 
per mouse, n=29). This migration was unaffected by pretreatment with 
indomelhacin (0.2 and 1 mgikg i.v.) while it was inhibited by dexamethasone in 
a dose-dependent manner (37.5 5.8 % inhibition. n=6, pc0.05 at 0.15 mgikg 
i.v. 2 h before IL-1, and 63.8 k 4.1 %, n=6. pc0.01 at 1.5 mgikg i.v.). A 
reduction of PMN influx was also evident after treatment with human 
recombinant LC-I. Intravenous administration of LC-1 (10 pg per mouse, 30 
min before IL-1) inhibited the migration at 4 h by 89.5 5 2.5 %, n=S. pc0.01. 
A significant effect was also observed with 5 wg (43.6 & 9.2 %, n=6, pc0.0S) 
whereas 1 pg was without effect (24.9 
During acute inflammation. endogenous IL-1 appean to be involved wih the 
influx of PMN (3,5): the impairment of ILI-induced migration by LC-1 may 
be at least one of the mechanisms underlying the anti-inflammatory activity 
ascribed to this protein. 

[ I ]  R.J.Flower, Br.J.Pharmac, 94,987 (1988) 
121 G.Cirino el al., PNAS, 86.3428 (1989) 
131 C.A Dinarello. Blood, 77,1627 (1991) 
141 J.C.Edwards et al., J Paihol, 134,147 (1981) 
IS] M.Pcrretti et al.. Agents Actions. i n  press (1991) 
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9.0 %. n=6; NS).  
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Alain  Mauviel, Vel i -Mat t i  KBhBri, *Charles H .  Evans and 
J o u n i  U i t t o .  
Departments of Dermatology, Thomas J e f f e r s o n  U n i v e r s i t y ,  
P h i l a d e l p h i a ,  PA 19107; and *Tumor Biology S e c t i o n ,  
Laboratory o f  Biology, N C I ,  Bethesda, MD 20892. 

TRANSCRIPTIONAL ACTIVATION OF FIBROBLAST COLLAGENASE 
GENE EXPRESSION BY A NOVEL LYMPHOKINE, LEUKOREGULIN 

Leukoregulin (LR) is  a novel  T - c e l l  d e r i v e d  cy tokine  
wi th  unique a n t i - t u m o r  p r o p e r t i e s .  We have r e c e n t l y  
demonstrated t h a t  LR i s  a l s o  a b l e  t o  modulate t h e  
b i o s y n t h e t i c  r e p e r t o i r e  of normal human s k i n  f i b r o b l a s t s  i n  
c u l t u r e  (J. C e l l  B i o l .  113:1455-1562, 1991).  I n  t h i s  s tudy ,  
we have examined i n  d e t a i l  t h e  e f f e c t s  of LR on co l lagenase  
gene e x p r e s s i o n  i n  human s k i n  f i b r o b l a s t  c u l t u r e s  The 
r e s u l t s  i n d i c a t e d  t ime- and dose-dependent i n d u c t i o n  of 
c o l l a g e n a s e  mRNA s t e a d y - s t a t e  l e v e l s .  t h e  maximum e l e v a t i o n  
b e i n g  -35- fo ld .  I n  c o n t r a s t ,  t h e  mRNA l e v e l s  f o r  t i s s u e  
i n h i b i t o r  of m e t a l l o p r o t e a s e s  (TIMP) remained unchanged i n  
t h e  same RNA p r e p a r a t i o n s .  The enhancement o f  co l lagenase  
mRNA l e v e l s  was shovn t o  be dependent on p r o t e i n  s y n t h e s i s ,  
and it could  be  c o u n t e r - a c t e d  by dexamethasone o r  all--- 
r e t i n o i c  a c i d .  T r a n s i e n t  t r a n s f e c t i o r l s  of c u l t u r e d  
f i b r o b l a s t  wi th  a human c o l l a g e n a s e  promoter / repor te r  gene 
(CAT) c o n s t r u c t  i n d i c a t e d  u p - r e g u l a t i o n  o f  t h e  promoter 
a c t i v i t y ,  which could  be  blocked by dexamethasone and a l l -  
t r a n s - r e t i n o i c  a c i d .  The o b s e r v a t i o n  sugges ted  r e g u l a t i o n  
a t  t h e  t r a n s c r i p t i o n a l  l e v e l  of c o l l a g e n a s e  gene express ion  
LR w a s  also shovn t o  induce t h e  mRNA l e v e l s  f o r  jun-B, 
s u g g e s t i n g  p o s s i b l e  involvement of t h e  A P - 1  complex i n  the  
r e g u l a t i o n .  The a b i l i t y  of LR t o  s e l e c t i v e l y  induce 
c o l l a g e n a s e  gene express ion  i n  s k i n  f i b r o b l a s t s  sugges ts  
t h a t  t h i s  cy tokine  may s i g n i f i c a n t l y  c o n t r i b u t e  t o  t h e  
degrada t ion  of  t h e  e x t r a c e l l u l a r  mat r ix  i n  p h y s i o l o g i c a l  
s i t u a t i o n s ,  such a s  t i s s u e  development and r e p a i r ,  and i n  
d i s e a s e s  c h a r a c t e r i z e d  by e x c e s s i v e  d e g r a d a t i o n  and turnover  
of c o l l a g e n .  

J 111 

MACROPHAGES: EFFECTS OF RECOMBINANT HACROPHAGE COLQNY 
STIMULATING FACTOR (M-CSF) THERAPY, M.J. Thomassen, J .  
Anta l .  G.T. Budd, M .  Ahmad. H .  Wiedemann, D .  Meeker, V .  
Gibson, J .  F inke ,  R.  Tubbs,  and R .  Bukowski, Cleve land  
C l i n i c  Foundation, Cleve land ,  OH 44195 
We compared t h e  e f f e c t  of i n  v i v o  M-CSF t r e a t m e n t  on the  
inflammatory c y t o k i n e  responses  of monocytes and a l v e o l a r  
macrophages. 
were e n t e r e d  i n t o  a phase I t r i a l  w i t h  recombinant M-CSF 
( C e t y s ) .  
ug/m /day f o r  days 1 - 5  and days 8-12 .  Monocytes and 
a l v e o l a r  macrophages were i s o l a t e d  pres tudy  and day 10 o f  
t r e a t m e n t .  I n  a d d i t i o n ,  monocytes were i s o l a t e d  on day 3.  
Express ion  o f  mRNA f o r  tumor n e c r o s i s  f a c t o r - a l p h a  (TNF) 
was e v a l u a t e d  i n  f r e s h l y  i s o l a t e d  nonadherent monocytes 
and a l v e o l a r  macrophages. S e c r e t e d  TNF was measured by 
enzyme l i n k e d  immunoassay (R h D Systems) i n  24 h r  c u l t u r e  
s u p e r n a t a n t  f l u i d s  of monocytes and macrophages. 
enhanced gene e x p r e s s i o n  o r  cy tokine  s e s r e t i o n  was 
d e t e c t e d  a t  M-CSF doses  below 3200 ug/m /day. 
h igh  dose M-CSF (23200) are shovn i n  t h e  Table .  

INFIAMMATORY CYTOKINE GENE EXPRESSION AND 
PRODUCTION I N  MONOCYTES AND ALVEOIAR 

T h i r t y  s i x  p a t i e n t s  w i t h  advanced malignancy 

Treatment c o n s i s t e d  o f  subcutaneous 100-12800 

No 

R e s u l t s  f o r  

Monocytes Alveoler  Macrophages 
(number pos i t ive /nwnber  t e s t e d )  

TNF S e c r e t i o n  3/5 3/4 
TNF mRNA 213 013 

Enhanced TNF s e c r e t i o n  was d e t e c t e d  i n  b o t h  c e l l  
p o p u l a t i o n s ,  however, enhanced gene e x p r e s s i o n  w a s  
d e t e c t e d  o n l y  i n  monocytes. 
d i f f e r e n c e s  i n  sampling t ime o r  r e g u l a t i o n  between 
monocytes and a l v e o l a r  macrophages. (N01-CM-97622). 

This d iscrepancy  may r e f l e c t  
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J112 RACIAL DIFFERENCES IN SERUM SOLUBLE 

HEALTHY TEENAGERS. DJ.Tollerud, J.D. Harper, C.C. Kurman, 
LM. Brown, E. Maloney, D.L. Nelson, W.k Blattner. Department of 
Environmental and Occupational Health, University of Pittsburgh, 
Pittsburgh, PA and the Metabolism Branch and Epidemiology and 
Biostatistics Program, National Cancer Institute, Bethesda, MD. 

Serum sIL2R level has proven to be a useful marker of disease 
progression in adults infected with the human immunodeficiency 
virus (HN). HIV Infection among teenagers Is an Increasing problem 
in the US., particularly among minority groups In certain 
metropolitan areas. Currently, interpretation of sIL2R levels In this 
population is limited by a lack of information on potential racial 
differences in this important biomarker. To address this issue, we 
analyzed serum sILZR levels in 111 healthy teenagers, ages 12-19, 
from families enrolled in a population-bad survey of adults in a 
large U.S. metropolitan area. Although the sera were not specifically 
screened for HIV, a detailed questionnaire did not reveal a history of 
significant illness, and ail subjects had normal Serum chemistry 
values, normal CBC and differential, and normal T-cell subset levels, 
including CD4 and CD8 cell counts. Geometric mean sIL2R levels: 

INTERLEUKIN-2 RECEPTORS (dL2R)  AMONG 

............................................................................................. 
AGE GROUPS fvears\ 

12-14 15-16 y7-19 ALLAGES 
WHITES 83 725 603 500 612 
BLACKS 28 448 389 451 423 ............................................................................................. 

Serum sILZR levels were significantly lower in black teenagers 
compared to whites (p<O.OOl), particularly in the youngest age group. 
Interestingty, sILZR levels decreased significantly with age for white 
children, while levels among blacks remained relatively constant. The 
relationship of sILZR levels to other cellular and bumoral 
immunologic parameters will be presented. This analysis provides 
useful normative data for clinical studies using s lL2R levels in 
teenagers, and emphasizes the importance of considering ethnic 
differences in immunologic studies of heterogeneous populations. 

Kruses and Cytokines; 
Regulation of Normal and Neoplastic Growth 
J MOTNF-a PREVENTS THE DEVELOPMENT OF RADIATION-INDUCED 

THYMIC LYMPHOMAS IN C57BL/XA MICE : MECHANISMS OF 
ACTION AND INVOLVEMENT IN THE PROTECTION BY BONE MARROW 
GRAFTING, Jacques Boniver, Chantal Humblet, Philippe 
Delvenne, Johanne Deman, Marie-Paule Defresne, Department 
of Pathology, University Hospital of Liege, B-4000 Licge, 
Belgium. 
A split dose whole body irradiation induces a high 
incidence (>902) of thymic lymphomas in C57BL/Xa mice. 
Lymphoma development is prevented if normal bone marrow 
cells are grafted after irradiation. The mechanism of 
lymphoma inhibition by such a marrow graft is the subject 
of the present investigation. In marrow grafted animals, 
radiation induced thymic preleukemia cells disappear ; 
meanwhile thymocyte subpopulations and thymic 
microenvironment, which are altered in irradiated animals 
in an irreversible manner, are restored as in normal 
mice. We have postulated that bone marrow graft induces 
cytokine production within the thymus, leading to 
elimination of preleukemia cells. Tumor necrosis factor a 
and Interferony have been investigated. Inoculation of 
these cytokines into split dose irradiated mice prevents 
lymphoma development ; indeed these treatments mimick the 
effects of bone marrow grafting since preleukemia cells 
disappear whereas thymocyte subpopulatlons and thymus 
microenvironment are restored. Thus, these cytokines 
might be the mediators recruited in vivo after bone 
marrow grafting. That a peak of intrathymic TNF-a 
production has been detected in marrow grafted irradiated 
mice and that anti-TNF-a antibodies inhibit partially the 
protective effects of bone marrow grafting further 
support this hypothesis. The results suggest that changes 
in the intratissular cytokine networks may be involved in 
carcinogenesis ; furthermore they indicate that 
manipulating these networks may be of interest for the 
prevention of cancer development, once an individual has 
been submitted to an oncogenic agent. 
Supported in part by the FRSM, TELEVIE and Boehringer 
lngelheim International. 

J 113 EXPRESSION AND PURIFICATION OF SOLUBLE 
EXTRACELLULAR FORMS OF MURINE TUMOR 

NECROSlS FACTOR RECEFTORS: GENERATION OF TNF 
RECEPrOR AGONIST ANTIBODIES, Richard F. Weber.. 
Louis A. Tartaglla.. Irene S. Figarit. Carmen Reynoldst. 
Michael A. Palladtnot, and David V. Goeddel'. 
Departments of *Molecular Biology and ?Cell Biology. 
Genentech. Inc., South San Francisco. CA 94080 
TNF-a and TNF-P are structurally and functionally 
homologous cytokines that mediate highly pleiotropic 
biological activities. These actlvfties are transduced by 
two distinct cell surface receptors VNF-R1, TNF-W) 
whose cDNAs have been isolated. We have established 
mammalian cell lines that constitutively secrete the 
extracellular ligand-binding domains of the two mouse 
TNF receptors. Soluble murine TNF receptor proteins 
were purified using a combination of ligand-aKinity 
chromatography and reverse phase HPLC and used to 
generate rabbit anti-murine TNF receptor polyclonal 
antisera. The agonist properties of these antisera were 
evaluated to examine the indivdual roles of the murine 
TNF receptors. Polyclonal antibodies directed against 
murine TNF-R1 induced cytotoxicity in murine LM cells 
and the level of manganous superoxide dismutase 
(MnSOD) mRNA transcripts in NIH 3T3 cells. Polyclonal 
antibodies directed against murine TNF-R2 had no 
cytotoxic activity or effect on the level of MnSOD mRNA 
levels. However, these antibodies. but not antibodies 
against murine TNF-R1 could stimulate proliferatlon of 
mouse thymoytes and the murine cytotoxic T-cell line 
CT-6. Our studies with agonist polyclonal antisera 
demonstrate that the two murine TNF receptors mediate 
distinct cellular responses. TNF-R1 initiates signals for 
cytotoxicity and the induction of MnSOD, whereas TNF- 
R2 Initiates signals for the proliferation of thyrnocytes and 
cytotoxic T-cells. 

J 201 ENHANCED EXPRESSION OF THE 75 KD TUMOR 
NECROSIS FACTOR RECEPTOR (TNFR) DURING 

HIV-1 REPLICATION IN PROMYELOCYTES. 
Salvatore T. Butera and Thomas M. Folks. Retrovirus Diseases 
Branch, Division of Viral and Rickettsia] Diseases, Centers for Disease 
Control, Atlanta, Georgia, 30333. 

It has become increasingly apparent that the control of HIV-1 
replication is intenwined with normal immune regulatory pathways. We 
have used cellular models of acute and chronic HIV-1 infection in HL-60 
promyelocytes and monoclonal reagents which distinguish the two forms 
of TNFR to investigate the interrelationship between HIV-1 replication 
and TNFR surface expression. 

Using a prornyelocytic model of chronic infection, OM-10.1. TNF-a 
treatment induced HIV-1 expression and resulted in a substantial increase 
of 75 kd TNFR surface levels within 24 h, as demonstrated by specific 
flow cytometry. A series of uninfected parental HL-60 subclones all 
reduced 75 kd TNFR surface expression in response to TNF-a treatment 
for 24 h, indicating that TNFR up-regulation by HIV-1-expressing 
OM-10.1 cells was not a consequence of clonal variation. Induced HIV-1 
expression did not alter 55 kd TNFR levels on OM-10.1 cells, nor was 
there an increase of the RNA message for either TNFR over a 48 h 
TNF-a induction period. An increase in 75 kd TNFR expression was 
also evident during an acute HIV-I infection of HL-60 promyelocytes, 
verifying that the response observed with OM-10.1 cells was not due 
merely to a selected site of viral integration. However, in acutely 
infected cultures this effect of HIV-1 expression was most apparent 
following TNF-a treatment, although this treatment did not dramatically 
enhance HIV- 1 expression by these cultures. 

In conclusion, HIV-1 replication results in a specitic increase in 
surface expression of the 75 kd TNFR and required both active HIV-1 
replication plus an exogenous TNF-a signal. Funhermore. these results 
demonstrate that HIV-1 expression can influence the surface expression 
of normal cellular receptors, which may in-cum alter immunongulatory 
signal transduction. 
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J 202 THE ROLE OF CYTOKINES IN THE POST VIRAL 
FATIGUE SYNDROME. H.M.A. Cavanagh, 

L.J.A. Morrison and P.O. Behan, University of 
Glasgow, Dept. of Neurology, Southern General 
Hospital, Glasgow G51 4TF. 
Post viral fatigue syndrome (PVFS) patients 
display a range of symptoms including fever, 
myalgia, nausea, diarrhoea and fatigue following 
viral infection (1). Our research has shown that 
>50% of PVFS patients have a persistent 
enterovirus infection (2). PVFS symptoms are 
consistent with the known side effects of an 
overproduction of cytokines (3). We are 
investigating the role of cytokines in an animal 
model of persistent enterovirus infection. Newborn 
mice were inoculated with a sub-lethal dose of 
Coxsackie virus B-1. The animals were then 
sacrificed at regular intervals. Persistent viral 
infection was demonstrated using the polymerase 
chain reaction (PCR) on purified RNA from both 
muscle and brain. Approximately 20% of the 
animals were found to be persistently infected in 
either brain or muscle tissue but not both. 
Cytokine mapping was also carried out using PCR. 
No differences were observed in the levels of IL- 
lx, IL-2, TNFx or IFN between the persistently 
infected mice and the control mice. Persistent 
infection would however appear to correlate with 
high levels of IL-6. 
(1) Holmes, C . P . ,  Xaplan, J . E . ,  Gantz, N.M., 
Komaroff, A.C. et a1 (1988) Chronic fatigue 
syndrome: a working case definition. Ann Int Med, 

(2) GOW, J., Behan, W.M.H., Clements, G.B., 
Woodall, C., Riding, M. and Behan, P.O. (1991) 
Enteroviral sequences detected by polymerase chain 
reaction in muscle biopsies of patients with 
the post viral fatigue syndrome. BMJ, 302, 692- 
696.  
(3) Bocci, V. (1988) Central nervous system 
toxicity of interferons and other cytokines. J 
Biol. Reg. Homeo. Agents, 2(3), 107-118. 

108, 387-389. 

J 204 IN VIVO DELIVERY OF INTERLEUKIN 4 AND 
PREVENTION OF TUMOR DEVELOPMENT USING 

A RECOMBINANT VACCINIA VIRUS, Karen L. Elkins, David L. 
Ennist, Robert K. Winegar and Jerry P. Weir, Department of Cellular 
Immunology, Walter Reed Army Institute of Research, Rockville, MD 
20850. 
Our ability to modulate host responses by direct injection of cytokines 
is limited by their short half lives, by available quantities of purified 
material, and by systemic toxicities. We have investigated the use of a 
recombinant vaccinia virus which expresses murine ILA, WlIIL4, as an 
alternate in viw delivery system. Intraperitoneal injection of C3HIHeN 
mice with VVlIIL4 leads to the production of detectable IL4 bioactivity 
in peritoneal fluid within 8 hours after injection; detectable IL4 activity 
persisted for at least 3 days. Further, as suggested by results from other 
investigators, delivery of this exogenous IL4 could affect tumor 
transplantation. Adjacent subcutaneous inoculation of C3HIHeN mice 
with NCTC 2472, a syngeneic connective tissue tumor, and VVllIL4 
resulted in significantly delayed tumor development, compared to PBS- 
injected or control virus-injected mice (VV2/6-gal, which expresses the 
marker gene 8-galactosidase). When VVllIL4 was injected weekly at 
the site of tumor cell inoculation, tumor formation was completely 
ablated. Interestingly, about 40% of the mice injected weekly with 
VWID-gal also failed to develop tumors, suggesting that TIC vaccinia 
virus itself has some anti-tumor properties. Since tumors developed in 
all athymic nu/nu mice, regardless of recombinant virus treatment, and 
since murine IL4 has no detectable anti-proliferative effect on NCTC 
2472 cells in virro, mature T cells contribute to the observed anti-tumor 
effects. These studies therefore demonstrate that murine IL4 can be 
readily delivered in vivo via a recombinant vaccinia virus in a 
biologically meaningful fashion. Delivery is apparently not prohibited 
by anti-vaccinia immunity, since repeated injections of recombinant virus 
are more effective than single injections alone. Such recombinant 
viruses may offer advantages in terms of longer delivery (on the order 
of several days rather than hours) and local, rather than systemic, 
production of cytokines, with fewer toxic side effects. 

EFFECT OF I3-INTERFERON AND TAMOXIFEN 
ON THE GROWTH OF HUMAN BREAST CANCER 

J203 
CELL LINES G.Di Fronzo, D Coradini, A. Biffi, 
V.Cappelletti. 
Istituto Nazionale Tumori, Milano, Italy. 
Antiproliferative effects of &interferon (0 -  
IFN) and tamoxifen (TAM) were studied in five 
breast cancer cell lines (MDAMB231, BTZO, MCF7, 
T47D, ZR75.1) characterized by different steroid 
receptor status. Cultures were grown in 
medium containing 17 U-estradiol. 6-IFN, at 3 
different concentrations (10, 100, 500 TJ/ml), 
qras tested alone and in association to TAM (10- 
M). B-IFN at the two highest doses 
significantly inhibited (p<O.OOl) the growth of 
all cell lines, and the extent of inhibition 
was generally not influenced by the combined 
treatment with TAM. The lowest dose of 6-IFN did 
not inhibit the growth of ZR75.1 or MDAMB231, 
which were, however, inhibited by the addition 
of T+M (p<O.OOl). The inhibitory effect was 
superior when TAM and U-IFN were given in 
association than in sequence. Anyway a 
modulation of the inhibitory effect following 
different schedules of sequencial treatment was 
observed in the different hormone-dependent cell 
lines. In fact, in the MCF-7 cell line the 
treatment with 0-IFN prior to TAM had a higher 
inhibitory effect, and the opposite was true for 
T47D and ZR75.1 cells. Results concerning the 
inhibitory effect observed with the two 
sequential treatments will be discussed with 
regard to modulation of steroid receptor 
content. 

J 205 MECHANISM OF TNF RESISTANCE IN C3H M Y S E  
EMBRYO FIBROBLASTS. A. Fernandez and H. N. 

Ananthaswamy. Department of Immunology. The 
University of Texas M. D. Anderson Cancer Center, 
Houston, TX 77030. 
Our previous studies showed that transfection of 
nontumorigenic, TNF-resistant 1 OT1/2 cells with 
an activated H a - m  oncogene made them 
tumorigenic and highly sensitive to TNF. The 
increased sensitivity of H a - m  transformed cells 
to kil l ing by TNF correlated with their 
susceptibitity to killing by activated macrophages 
and NK cells. However, anti-TNF antibody partially 
blocked macrophage cytotoxicity, while it did not 
have any effect on NK cell cytotoxicity, suggesting 
that macrophage, but not NK cell cytotoxicity is 
mediated by TNF. To elucidate the cellular and 
molecular basis for TNF-resistance, we 
constructed somatic cell hybrids between TNF- 
resistant and TNF-sensitive cells and determined 
their sensitivity to TNF. The results indicated that 
the somatic cell hybrids were resistant to the 
cytotoxic effects of TNF. In addition, we found that 
treatment with cycloheximide induced sensitivity 
in TNF-resistant cells but had no effect on TNF- 
sensitive cells. Preliminary studies indicate that 
certain DNA-binding proteins are differentially 
expressed in TNF-resistant and sensitive cells. 
These results suggest that a dominantly acting 
protein(s) expressed in TNF-resistant cells may be 
involved in conferring protection against the 
cytotoxic effects of TNF. Supported by ACS grant 
#lM-598 to H.N.A. 
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J 206 EFFECTS OF CYTOKINES ON TEE EXPRESSION 

AND VIRUS FUNCTION. 
T . M .  Folks. Retrovirus Diseases Branch, 
Division of Viral and Rickettsia1 Diseases, 
Centers for Disease Control, Atlanta, Georgia 
30333. 

As more is understood concerning 
permissiveness of cells for virus expression, 
a greater appreciation of cytokine control 
over this permissiveness emerges. The work 
presented here describes how monokines may act 
together and separately in an autocrine mode 
to regulate virus expression. In addition, a 
mechanism of autoregulation between TNF and 
its receptor expression will be discussed in 
the context of viral influence over this 
expression. Finally, the link between 6 
integrins as viral receptors and cytokines 
w i l l  be addressed especially as they relate to 
two human retroviral infections. 

OF CELLULAR RECEPTORS FOR VIRUSES 

J 208 THE BIOLOGICAL ACTIVITIES OF N51/KC 
Julia N. Heinrich, Edward C. ORourke and Rodrigo 

Bravo, Department of Molecular Biology, Bristol-Myers Squibb 
Pharmaceutical Research Institute, Princeton, NJ 08543 

The N511KC gene was identified by its transcriptional 
activation in quiescent mouse fibroblasts treated with serum or 
platelet-derived growth factor. It is a member of the growing 
family of cytokines whose predicted amino acid sequences can 
be aligned according to the position of their 4 cysteine residues 
and in which the first two cysteines are separated by a single 
amino acid. We used the homologies to the oncogene human 
grolmelanoma growth stimulating factor (MGSA) and the 
neutrophil activating factor human interieukin 8 (IL-8) as the 
starting point for our studies on the biological function of N51/KC. 

Our source of NWKC is from the Baculovirus 
expression system. The mature protein can be purified to 
apparent homogeneity and [1*51]iodinated with the retention of its 
biological integrity. N51/KC shows biological activities that have 
become synonymous for other homologs of IL-8, namely human 
gmMGSA, human neutrophil activating peptide-2 (hNAP-P), and 
murine macrophage inflammatory protein-2 (muMIP-2). First, It 
competes for [1251]1L-8 binding to human neutrophils. but it is less 
efficient than IL-8. This ability to compete is irreversibly abolished 
if N51/KC is treated with dithiothreitol and iodoacetamide. 
Second, it is chemotactic for human neutrophils. This activity and 
that of IL-8 is inhibited by pertussin toxin (PT) which suggests that 
like peptide N-fonnyl-met-leu-phe (fMLP) these cytokines are 
mediating their chemotactic response by a PT-sensitive GTP- 
binding protein. As expected [1251]N51/KC specifically binds to 
human neutrophils, but there appears to be 10 to 30 fold fewer 
receptors of [125l]N51/KC than for [I2511 IL-8. Interestingly, 
although N511KC is produced in fibroblasts it does not appear to 
bind to a variety of different fibroblast cell lines, suggesting that it 
may have a paracrine mechanism of action. We are now in the 
process of evaluating if the N5l/KC receptor is a subpopulation of 
the IL-8 receptor or an independent one with which 11-8 can cross 
react. 

J 207 B-CLL CELLS ARE DEFECTIVE IN THEIR 
RESPONSE TO IL-5, Teresa G. Hayes, Xiao- 

Lin Tan, Annemarie B. Moseley, and David P. 
Huston, Depts. of Medicine and Genetics, Baylor 
College of Medicine, Houston, TX 77030. 
Interleukins are essential for the maturation and 
differentiation of B lymphocytes into Ig-secreting 
cells. In B cell chronic lymphocytic leukemia 
(B-CLL), neoplastic B lymphocytes are arrested at 
particular stages of development. A possible 
explanation for this phenomenon would be if a 
defect in the malignant lymphocytes renders them 
unable to act upon physiologic differentiation 
signals such as those provided by interleukins. 

B-CLL patients and 10 healthy controls. rhIL-2 
enhanced proliferation and IgM secretion in normal 
and B-CLL cells stimulated by Branhamella 
(Moraxella) catarrhalis (BCAT). When rhIL-5 was 
added to BCAT-stimulated cells, however, 8 of 10 
healthy controls had a substantial increase in IgM 
production, compared to only 1 of 10 B-CLL 
patients. The difference between the increment in 
IgM secretion in control and B-CLL patients was 
statistically significant (P = 0.016). 

Purified B lymphocytes were obtained from 10 

These studies suggest that B-CLL cells may have a 
selective defect in their response to IL-5, an 
important B cell differentiation factor. 

J209 INTERLEUKIN 7 INDUCES CD4 T CELL 
DEPENDENT TUnOR REJECTION 

Hanno Hock, Marion Dorsch, Tibor Diamantstein 
and Thomas Blankenstein, Institut fur 
Immunologie, Universitatsklinikum Steglitz, 
Freie universitat Berlin, 1000 Berlin 45, FRG 
The potential of interleukin 7 (IL7) to induce 
an anti-tumor response IN  VIM was analysed. 
Therefore, the IL7 gene was expressed in the 
plasmacytoma cell line J558L. Although the 
growth of IL7 producing cells was not retarded 
I Y  VITRO, the IL7 producing cells were 
completely rejected upon injection into mice. 
Tumor rejection was observed only in syngeneic 
but not in nude mice. The tumor suppressive 
effect could be abolished by the parallel 
injection of an anti-117 monoclonal antibody. 
Immunohistochemical analysis revealed IL7- 
dependent infiltration of the tumor tissue by 
CD4+ and CD8+ T lymphocytes, and also type 3 
complement receptor+ (CR3;) cells, 
predominantly macrophages. Depletion of T cell 
subsets in tumor bearing mice showed the 
absolute dependence of the anti-tumor response 
on CD4+ cells whereas tumor rejection was 
unaffected by depletion of CD8+ cells. In 
addition to CD4+ cells, CR3+ cells were also 
needed for tumor rejection. The anti-tumor 
effect of IL7 was confirmed by expression of 
the IL7 gene in a second tumor cell line of 
different cellular origin. Together, our 
results demonstrate that a high local IL7 
concentration at the tumor site obtained by 
tumor cell targeted gene transfer leads to 
tumor rejection involving a cellular mechanism 
which seems to be different from the ones 
observed in analogous experiments with other 
cytokines. 
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J 210 MOLECULAR AND FUNCIIONAL CHARAC- 
TERIZATION OF HUMAN B CELL GROWTH 

FACTOR- 12kD (BCGF- 12kD). James Jackson, Leandros 
Arvanitakis, Mark Sanders, Abby Maizel, and Surendra 
Shaxma, Department of Pathology and Laboratory Medicine 
and Experimental Pathology, Roger Williams Medical 
Center-Brow University, Providence. RI 02908 
Recent functional studies with recombinant lymphokines have 
suggested that human B cell growth and differentiation may 
not be efficiently regulated by the sequential action of IL-4, 
IL-5, and IL-6. It has become apparent that synergistic or 
independent actions of IL-2 and BCGF-12kD are required to 
potentiate B cell growth andor differentiation. We recently 
identified a cDNA encoding a BCGF-I2kD, which included a 
complete N u  repeat unit within its open reading frame. Our 
recent experiments indicate that a neutralizing monoclonal 
antibody directed against a BCGF-12kD synthetic peptide can 
inhibit the autocrine growth of B cells derived from 
Burkitt’s lymphoma and chronic lymphocytic leukemia 
suggesting a possibIe pathogenetic role for BCGF-12kD in 
these lymphoproliferative disorders. Furthermore, 
characterization of the genomic organization of the BCGF- 
12kD gene reveals several unique features including (1) the 
intronless BCGF-12kD open reading frame, (2) the presence 
of multiple Alu repeats within and flanking the BCGF-12kD 
open reading frame, (3) a 5’ flanking region containing 
putative binding sites for multiple transcription factors 
including OCT-1, AP-1, NFAT-1, C-EBP, and (4) the 
synthesis of multiple mRNA species. The results will be 
presented to highlight the regulation of BCGF-12kD 
expression in normal and malignant lymphoid cells, the 
expression of BCGF-12kD using the baculovims system, and 
the novel regulatory role of Alu repeats. 

J 21 2 
BY HUMAN LUNG ADENOCARCINOMA CELLS. 

Julius Klominek, Karl-Henrik RoMrt, and Kar-G8sta Sundqvist. 
Dept. of Lung Medicine, Dept. of Clinical Immunology and Dept. of 
Medicine. Karolinska Institute, Huddinge Univmity Hospital, 
S-141 86 Huddinge. Sweden. 
Culture of human lung adenocarcinoma cell line WART cells on 
fibronectin coated substrata and in the presence of autologous serum 
free conditioned medium prepared at high cell density (SFCM HD) 
induced formation of prominent pseudopodia The same SFCM HD in 
the absence of fibmnectin induced cell rounding as compared to control 
cells incubated in serum free medium with or without bovine serum 
albumin. Addition of SFCM HD to modified Boyden chambers with 
fibronectin wated Nucltopore fiters also led to chemotactic responses. 
No induction of cell nanslocation was obscrved on uncoated fiters or 
filters coated with gelatin. From SFCM HD we partially purified a 
substance with apparent molecular weight of 43 kDa that at nM 
concentrations induce cell nanslocation on fibronectin coated substrata 
while it docs not affect cell d i t y  on uncoated or gelatin coated filtm. 
Biosynthesis experiments using 33S methionine incorporation and 
SDS-PAGE, revealed different protein synthesis patterns at high and 
low cell densities. We conclude that WART cells culnirul at high cell 
density produce a substance with M,- 43 kD that induce cell 
translocation on f i b m n h  wated substrata and that all density is of 
impoxtance for production of this molecule. 

PRODUCTION OF A 43kDa CJXL MOTILITY FACTOR J213 VIRUS-ENCODED HOMOLOGUES OF CELLULAR 
CYTOKINES AND THEIR RECEPTORS ARE SECRETED 

FROM POXVIRUS-INFECTED CELLS. McFadden. G.. Uoron. C. .  
Smith, C.*, Graham, K., Macen, J., OpgenonhlA.y&d SEl&i& 
M., Department of Biochemistry. University of Alberta. Edmonton, 
Albexta, and ‘Immunex Corp.. Seattle, Washington. 
Poxviruses are a large group of complex DNA viruses that infect a 
variety of organisms and cause a wide range of disease pathologies. 
These viruses cany out their complete replicative cycles within the 
cytoplasm of infected cells and represent unique model systems for the 
study of numerous biological processes. Shope fibroma virus (SFV) is 
a tumorigenic lepxipxvirus which causes a localized benign fihoma in 
immunocompetent rabbits which regresses after two weeks due to a 
vigorous cell-mediated immune response. Malignant rabbit fibroma 
virus (MRV) and rnyxoma virus (MYX) are related tumorigenic 
leporipoxviruses which induce systemic infections characterized by 
severe immunosuppression and a progressive fibrornatosis syndrome 
which is rapidly fatal. Studies to dissect the molmlar mechanisms by 
which these viruses mediate tumorigenesis and immunosuppression has 
focussed on a class of viral proteins which are secreted from virus- 
infected cells and impinge upon exogenous saondary targets. These 
include virokines. such as viral analogues of cellular growth factors, 
and YiroceDtors. which an viral proteins that mimic cellular receptors 
and prevent host immune ligands from reaching their cognate cellular 
receptois. Examples of h e  virokinc class include: (1) viral homologues 
of transforming growth factor-alpha/epided growth factor which can 
stimulate cells bearing the EGF receptor into mitogenesis, (2) membm 
of the serine protease inhibitor (SERPIN) superfamily. Examples of 
the viroceptor class include: (1) the T2 protein, which is homologous to 
the tumor necrosis factor receptor and binds tumor necrosis factor and 
thereby s h m  Circuits host TNF-dependent immune pathways, (2) the 
T7 protein, which is homologous to the gamma-interfemn receptor, and 
is the major secreted protein from myxoma virus-infected cells. V i  
mutants in these and other related virulence genes wil l  be summarized 
in terms of their relative contribution to viral pathogenesis. We believe 
these secreted proteins represent a corned viral strategy to circumvent 
the cell-mediated immune response, suggesting that the highly invasive 
poxviruses have developed mechanisms to abrogate mosf if not all, of 
the host immune pathways designed to clear the viral infection. 
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J 214 RESTORATION OF IMMUNE FUNCTIONS IN 
MICE INFECTED WITH CYTOMEGALOVIRUS, 

Deborah Morgan, Carla Bersani, Nicola Kouttab, 
Department of Pathology and Laboratory Medicine and 
Experimental Pathology, Roger Williams Medical Center- 
Brown University, Providence, RI 02908 and Ellem 
Industria Farmaceutica srl, Milan Italy 
Murine cytomegalovirus (MCMV) induces a generalized 
immunosuppression that is characterized by depressed 
responses to mitogens or antigens, suppression of cytokine 
activity and a reduction in the secretion of Interleukii 2 (IL- 
2) and in the expression of IL-2 receptors. Since T 
lymphocytes are critical for recovery from infection with 
MCMV, we examined the ability of a thymic derivative, 
thymomodulin (TMD) to restore the impaired T cell 
functions in mice infected with MCMV. Female BALB/c 
mice 6-8 weeks old were infected by IP injection with a 
sublethal dose (2X104p.f.u.) of MCMV. At 4-5 hours after 
infection, mice were treated with the thymic derivative TMD 
and treatment continued daily for 12 days. The dose of 
TMD was 0.05, 0.5, and 5 m m g .  As control, a duodenal 
extract (DE) prepared similarly to TMD was also given to 
mice infected with MCMV. Another control group included 
mice infected but untreated. At days 3, 6, 8, and 13 post 
infection mice were sacrificed, their spleens aseptically 
removed and processed, and the cells were examined for 
response to mitogens and for production of IL-2. The 
results showed that TMD can alleviate the 
immunosuppression observed in mice infected with MCMV. 
These studies suggest that thymic peptides are good 
candidates to be used in conjunction with primary antiviral 
therapy for the treatment of cytomegalovirus infections. 

J 216 INFLUENCE OF ANTISENSE RNAS OF 
INTERLEUKIN- 1R AND INTERLEUKIN-1 

RECEPTOR ANTAGONIST ON INTERLEUKIN-18 PRO- 
DUCTION. Nicolai D. Perumov, Andrei S. Simbirstev, 
Valentina G. Konusova, Ekaterina A. Lebedenko,* Yurii A. 
Berlin,* Sergey A. Ketliiky. Research Institute of pure 
biopreparations, St. Petersburg, 1971 10, USSR * - Institute of 
bioorganic chemistry, Moscow, USSR. 
The effect of antisense RNAs to IL-18 and IL-lra on human 
monocytes was tested. IL-18 and IL-lra genes were cloned in 
correspondent orientations under T7 RNA polymerase pro- 
moter and obtained transcripts were added to cultured mono- 
cytes alone or stimulated with 1Opg/ml LPS. Sense RNAs 
were used as a control and they did not show any detectable 
action on IL- 1 R levels, measured by ELISA and biotest. It was 
shown that antisense IL-1R RNA inhibit IL-18 synthesis in 
dose-dependent manner, as was confirmed by both ELISA and 
biotest. IL-18 levels in supernatants of monocytes incubated 
with antisense IL-lra RNA was just the same as in control, as 
shown by ELISA; but the level of biologic activity in the Same 
samples was at 70% higher, than in control. In can be proposed, 
that blocking of IL-lra synthesis by antisense RNA do not 
leads to decreasing or increasing of IL-1R synthesis and regu- 
lation of IL-1 biologic action by IL-lra is carried out com- 
pletely by direct competition between them for binding with 
IL- 1 receptors. 

J215 CHARACTERIZATION OF THE MGSA RECEPTOR(S): 
LIGAND BINDING RESULTS IN ENHANCED 

PHOSPHORYLATIONS. Susan G. Mueller, Qiu Chen 
Cheng and Ann Richmond. Departments of Cell 
Biology and Medicine, Vanderbilt University 
School of Medicine and VA Medical Center, 
Nashville,TN 37232. 
The human melanoma growth stimulatory activities 
(MGSA) are products of immediate early genes 
coding for cytokines which exhibit sequence 
similarity to platelet factor-4 and 8- 
thromboglobulin. MGSA has been demonstrated to 
partially compete for binding to the 58kD 
neutrophil receptor for another 8- 
thromboglobulin related chemotactic protein, IL- 
8. Low and high affinity IL-8 receptors have 
recently been cloned (Thomas et al, JBC 
265:20061, 1990; Holmes et al., Science 
253,1278, 1991: Murphy and Tiffany, Science 253, 
1280, 1991). Murphy and Thomas demonstrated 
that MGSA partially competes with IL-8 for 
binding sites on the low affinity IL-8 receptor 
at concentrations greater than 10%. We 
demonstrate that when '2sI-MGSA/GROa was 
crosslinked to receptors/binding proteins from 
human placenta, there were two major 1Z5-I-MGSA 
crosslinked bands of 64,000 and 84,000 M,. 
Ligand binding to the receptor proteins is 
associated with enhanced phosphorylation of a 
number of substrates, including proteins in the 
same M, range as the MGSA receptor/binding 
proteins. A number of approaches have been 
taken to clone the putative high affinity MGSA 
receptor, including expression cloning and PCR 
using degenerate oligonucleotides based upon the 
nucleotide sequence for cytokine receptors and 
the IL-8 receptor(s). Results from these 
experiments will be presented. 

J 21 7 SUPPRESSION OF INFLAMMATORY RESPONSES TO VIRAL 
INFECTION VIRALINHIBITIONOFTHE IL-IPCONVERTASE 

David J. Pickup, Carol A. Ray, Roy A. Black*,Guy S. Salvesen', Shirley 
R. Kronheim', andTeresa A. Greensmet', Dtpartment of Microbiology 
and Immunology; Qepartment of Pathology, Duke University Medical 
Center, Durham, NC 27710; and 'Department of Protein Chemistry. 
Immunex Corporation, 51 University Street, Seattle, Washington 98101 

Cowpox virus is capable of inhibiting inflammatory responses mounted 
by the host to protect itself from viral infection. We have identified a viral 
gene, designated the 38K gene, which is necessary, but not sufficient to 
effect this inhibition. This gene is stmngly expressed immediately after 
viral infection. It encodes a 38 kDa protein whose amino acid sequence 
resembles that of plasma protein inhibitors of serine proteinases. This 
protein also appears to possess the stressed loop conformation typical of 
inhibitors of serine proteinases such as al-antitrypsin. However, the 
predicted reactive center of this protein did not suggest a pmteinase 
target, because it lacks similarity to reactive centers of known inhibitors. 

One major potential mediator of inflammatory responses against virus 
infections is IL-1. Accordingly, we investigated whether the target of the 
viral 38 kDa protein might be the proteinase (IL-lp convertase) that 
generates mature. IL-lp from its inactive precursor. Partially purified 
convertase was incubated with extracts of virus-infected cells prior to the 
addition of recombinant pro-IL-lp. Extracts of cells infected with wild- 
type cowpox virus completely inhibited the generation of mature IL-lp. 
whereas extracts fmm either uninfected cells, or cells infected with a 
cowpox virus containing an inactivated 38K gene, had no effect. To 
determine whetherthe38 kDaproteininhibirsproccssingdinc~y,the38K 
gene was placed in a viral vector for expression in xmmmahn ' cells. and 
the resulting protein was pu r i f i i  to homogeneity. This material potently 
inhibited the IL-1 convertase, but it did not affect representative serinc 
proteinases of different specificities. Therefon, it appears that the 38 kDa 
protein of cowpox virus conmbutes to the suppression of host inflamma- 
tory responses by inhibiting the proteinaxe required to generate IL-lp. 
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J 218 DETECTION O F  CYTOKINE mRNA EXPRESSION 
BY PCF I N  HUMAN MONOCYTEC STIMULATEL 

KITE OK13 MONOCLONAL ANTIBODY Pave! Pisa Eva 
I;. Pisa, Mona hansson and  Hans Wigreli, Dept.of 
Immunology, Karoiinska Ins t i tu te ,  Stockholm, Sweden 
The  coordinating function in a n  immune response  is 
generally believed t c  belong t c  T cells and  by them 
producec cy to t ines .  Aitnough many of the  soiu5le 
factors a re  availabie in recxnblnant  :orm the i r  
:unctioil ir. vivc is stiil a matrer of s tudv .  ?he ~A 

romplexity of r1.e cytohinr nerwork is a u e  t:. the  fact  
tha?  tne?  a re  locally proauceo ,  by  I smaii number cf 
:elis and  only for  a shor?  period of t ime .  k e  chose the  
PC; ass i s tee-  mRNA amylificatiorj assay  co provide the  
r ,osr serisi:ive system for tn i s  s tucy.  
In order  t c  b r  able to identify a deregulated cyrokine 
Gene expressicr: In a aisease situation we have smc ied  
rnr  cytou.inc gene expressicri ar.d kinet.: profile ir: 
ricrmai numan perlpherai  rwnonuclesr ceLs ( M N C l  
acriva:et 11, vitrc by ine  pciyclcnai Ts  cei. &cti.;ator. a:: 
anti-ZP; mono clona. antLbocy. Lei. cil l tures x e r e  
;arveste; a i t e r  2 4 .  7 ,  2 ;  a n c  25 :lours. Primer sets 
were designed f o r  iL-I , I L - 2 ,  12-2 IL-4, I i - 6 .  
IL-lC, TINF- , -iFN. GM-CSF and  C- -CSF.  P.i:er 2 
ho:x-s stimulat:o:i tile mRAP. fo r  IL-1 IL - 2 .  I:-: an6  
-IFN were detectable and remainec t h e  wncle time 

?er~oC: s tud ies .  The Ii-4 m R N P  ar,r,xed a ? ran  sient 
c::pressi3ri betweeri 4 and 7 r s  of s:imciat:cri. After 

: erra:nec ?nrccq:,oc: the ?:me :nterv;i: s tud iec .  No 

. h o c r s  of stimu!at:or, iarr 7 m?.-WF for  T- rL -6, -1:c - - . - -  --sF a c t  a f t e r  7 Sours  aisc mF.NA f c r  IL-:O, they  

etc.  

J 220 IL-I AND TNF PRODUCTION BY HUMAN 
TRANSFORMED MONOCYTIC CELLS.  Andrey 

Simbirtsev, Elena Prokopi-va, Valentina Konusova, Nicolai Perumov, 
Natalia Kalinina, Sergey Ketlinsky, Research institute of pure 
biopreparations, St. Petersburg, 1971 10, USSR 

Among activated monocytes nearly 90% of cells were labelled 
with monoclonal antibodies to  IL-IR. This findings were confirmed 
using human transformed monocytoid U-937, THP-1 and HL-60 cell 
lines. Unstimulated cultured cells as well as quiescent blood monocytes 
did not contain IL-IR and TNFa in their cytoplasm. After LPS stimula- 
tion nearly 20% U-937 and few THP-I and HL-60 cells were labelled 
with antibodies to  IL-lR which was diffusely distributed within the 
cellular cytoplasm. IL-IR synthesis was accompanied by its increased 
levels in the culture supernarms determined by LAF assay and ELISA. 
Adiscrepancy betweenIL-IRmRNA accumulationand proteinsynthesis 
was found in THP-1 cells using RNA hybridization technique. TNFa 
was not found after LPS stimulation. But the addition of human 
recombinant TNFa to the culture fluid of U-937 cells resulted in induc- 
tion of IL-15 synthesis and secretion. After activation for 48 hours with 
PMA and then with LPS 60-70% cells became stained for IL-I8 and 
nearly one half were TNFa-positive. So the induction of T N F a  produc- 
tion needs a differentiation of U-937 cells which may be caused by PMA 
activation. The data shows that the II- l R  and T N F a  synthesis is induced 
by different cellular activationsignals. The genes of these two cytokines 
may be regulated separately. Using simultaneous autoradiographic study 
of cells pulse labelled with 3H-thymidine and immunoperoxidase stain- 
ing with monoclonal AB to IL- I R  it was shown that the proliferating U- 
937 cells do not synthetize IL-15. 

J219 INTERLEUKIN 4 MEDIATED TUMOR SUPPRESSION 
DEPENDS ON INTERFERON GAMMA 

Cornelia Platzer, Gunther Richter, Klaus 
uberla, Hanno Hock, Tibor Diamantstein and 
Thomas Blankenstein, Institute of Immunology, 
Klinikum Steglitz, Free University Berlin, 1000 
Berlin 45, FRG 
The molecular events during the anti-tumor 
response induced by tumor cell-derived 
interleukin (IL) 4 was investigated by 
semiquantitative polymerase chain reaction. The 
growth of IL4-producing Chinese hamster ovary 
cells (CHO.Tl) when injected intraperitoneally 
into athymic nude mice was strongly suppressed 
and accompanied by the rapid accumulation of 
activated macrophages. Peritoneal cells from 
such mice were analysed for disappearance of 
IL4 mRNA, thus monitoring the kinetics of tumor 
cell destruction. Due to the high local IL4 
concentration several mRNA were found to be 
upregulated during the early phase of the anti- 
tumor response (IL4 receptor, IL5, TNF and IFN- 
gamma). The functional relevance of the 
elevated mRNAs was analysed by injection of 
CHO.Tl cells together with anti-cytokine 
monoclonal antibodies (mAb) . In contrast to 
anti-IL5 and anti-TNF d s ,  an anti-IFN-gamma 
mAb abolished almost completely the anti-tumor 
response demonstrating the dependence of the 
IL4-induced tumor suppression on IFN-gamma. 
This analysis allows to elucidate the mechanism 
of cytokine-induced tumor suppression and gets 
insight into the regulatory cytokine network in 
vivo. 

J 221 IN VITRO CHARACTERISTICS OF INTERLEUKIN-6 

William B. Ershler and Drew Pardoll. Departments of Medicine and 
Human Oncology, Institute on Aging, University of Wisconsin, 
Madison (53706) and Departments of Medicine, Molecular Biology 
and Oncology, Johns Hopkins University, Baltimore (21205). 

There has recently been increased awareness of the imponance of 
Interleukin-6 (IL-6) in host defense mechanisms. Acute and chronic 
inflammatory responses have been shown to involve this molecule. 
Nevertheless, its effect upon tumor growth has yet to be fully 
established. In various murine and human tumor lines, IL-6 has 
been shown to be inhibitory, stimulatory, or have no effect. Because 
the molecule has an effect on the inflammatory response, we suggest 
that certain elements of tumor growth, such as angiogenesis and cell 
adhesion to the matrix (which are critical for inflammation), might 
even be enhanced by this molecule. It was the purpose of OUT 
studies to examine the effects of endogenous increased IL-6 
production by a well characterized murine tumor line. For this, we 
transfected human IL-6 cDNA into murine B16 cells by standard 
transfection procedures. Transfected cells were shown to secrete 
increased levels of IL-6 by bioassay. These cells and mock controls 
were compared for cell growth and adhesion to matrix molecules. 
Transfected B16 cells (B16-1L-6) were shown to be more spindle 
shaped and to proliferate at a greater rate than the controls. 
Furthermore, Bl6-IL-6 cells adhered 10 a greater extent to 
fibronechn and laminin coated tissue culture wells. This adherence 
was blocked completely by RGDS peptides suggesting that the IL-6- 
mediated enhanced adherence was due to increased expression of 
integrin-type receptors. Flow cytometry data demonstrated that 
fibronectin receptor number was increased in the IL-6 transfected 
cells. These findings suggest that IL-6 has direct tumor cell effects 
that may be of importance in primary growth and in metastatic 
potential. 

TRANSFECTED 816 MELANOMA CELLS. Wen H. Sun, 
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J 222 CYTOKINE REGULATION OF THE EXPRESSION OF 
BCRFl, THE ILlO ANALOG IN EPSTEIN-BARR 

VIRUS. Chinechai Wanidwolanun. Steuhen P. James. and Warren 
Smber, M u w h  Immunity Section; "MID, Bcthesda, 
Maryland 20892 
Interleukin-10 &lo) has been implicated in the cross-regulation of 
T H -  and THZ- types of immune responses. The Epstein-Bam virus 
gene, BCRFl, has extensive homology in both its DNA and protein 
sequences to human iL-10. This, and the fact that BCRFl pretein also 
shares several biological properties with human I L I O ,  prompted us to 
investigate the role of BCRFl in EBV-diseases in human. 
We have detected mRNA of BCRFl in B-lymphocytes of a patient with 
chronic EBV infection, using polymerase chain reaction. EBV- 
transformed B-lymphoblastoid cell lines are also found to express 
BCRFl constitutively in small amounts. We are studying the effects of 
several cytokines on the expression of BCRFl in the lymphoblastoid cell 
lines. Preliminary results indicated that interferon-gamma down- 
regulated the expression of BCRFl mRNA in lymphoblastoid cells. 

Cytokines and the Endocrine System; 
Cytokines as Pathophysiologic Agents 
J300 HEPATOTOXICITY OF TUMOR NECROSIS FACTOR (2 

IN ISOLATED MOUSE HEPATOCYTES. Gregory M. 
Adamson and Ruth E. Billings, Depts of 

Pharmacology and Surgery, University of Nevada 
Medical School, Reno, NV 89557. 

TNFa is known to cause liver injury when 
administered as a cancer drug and it may play a 
role in liver injury of various etiologies, such 
as endotoxemia, when large amounts are released 
from activated macrophages. Little is known about 
TNFa's effects on normal cells such as hepatocytes 
in the liver, which are the ultimate target cells 
in its systemic toxicity. The present study 
examined the effects of recombinant human TNFa 
(rhuTNFa) and recombinant murine TNFa (rmuTNFa) in 
isolated mouse hepatocytes cultured in monolayer. 
It was found that rmuTNFa was approximately 5- 
times more potent than rhuTNFa, but the effects 
were similar. At rhuTNFa concentrations of 1-10 
pg/ml, the effects observed included the 
following: decreases in ATP concentrations to 10- 
20% of control values; decrease in cellular GSH 
concentrations due to accumulation and efflux of 
GSSG; cytotoxicity only when glutathione reductase 
was inhibited by pretreatment of the cells with 
BCNU. All of these effects could be ameliorated 
with anti-oxidants such as mannitol. Other 
protective agents were ruthenium red, which blocks 
futile ATP-dependent Ca* cycling across the inner 
mitochondria1 membrane, and fructose, which 
provides ATP via the glycolytic pathway. These 
studies show that TNFa has profound direct effects 
on hepatocytes, in the absence of other 
inflammatory mediators or cells. There was a 
correlation between effects on ATP levels, 
disruption to the glutathione pool, mitochondria1 
function, and cytotoxicity. The effects of TNFa on 
hepatocytes were similar to those COUUUOnly 
associated with an oxidative stress. It is 
proposed that TNFa induces the formation of free 
radicals in hepatocytes, an effect similar to that 
seen in tumor cells. 

J223 ENHANCED CYTOKINE PRODUCTION IN VIRUS- 
INDUCED MYELOPROLIFERATION. H. J. Ziltener. 

M. Souyri. F. SmadjaJoffe. V. Praloran. C. Jasmln. M.- 
C. Le Bousse-Kerdiles. The Biomedical Research Centre 
Vancouver BC. Canada: U 268. VllleJuif and U152. Paris, 
France: CHRU. Nantes. France. 
Myeloproliferation Induced in  mice by t h e  
Myeloprollferative Sarcoma Virus (MPSV) a mos- 
containing retrovirus results in splenic and  hepatic 
myeloid hyperplasia. anemia. thrombocytopenia. splenic 
and  medullary fibrosis. To characterize possible 
involvement of cytokines we used Northern blot analysis 
to compare the expression level of cytokine genes in 
different organs of MPSV-infected and non-infected 
control mice. We also measured cytokine levels in serum 
and in medium of cultured cells from affected mice. 
There were significant increases in mRXA for IL-6. and 
GM-CSF in liver. spleen and thymus of MPSV infected 
mice. In infected mice. there was also a significant 
increase in mRNA for CSF-1 in liver but  Rot in the other 
organs. Biologically significant levels of IL-6. CSF- 1 and 
G-CSF were found in the sera of MPSV infected but  not 
in control mice. IL-6 and CSF-1 but not G-CSF levels 
were also increased in medium conditioned by spleen 
cells of infected m k e .  indicating that the enhanced 
cytokine production might take place in different in vivo 
compartments.  GM-CSF actlvity was detected in 
medium conditioned by spleen cells of infected mice but 
could not be detected In the serum. No production of 
stem cell factor (steel factor, kit-ligand) or IL-3 was 
detected in either source. IL-l was detected but there 
was n o  significant increase. We propose that  the 
increased production of CSF- 1. GM-CSF. G-CSF and IL-6 
all of which have synergistic effects on stimulating early 
hemopoietic progenitor cells could be involved in the 
genesis of the myeloproliferation. 

J 301 REGULATION OF Fc RECEPTOR AND MHC ANTIGEN 
EXf'RE'SSION ON ISOLATED RAT MICROGLIA BY 

TNF, IL-1 AND LPS; EFFECTS ON IFN-b' INDUCED 
ACTNATION, M. Louise Cumer, A. Jane Loughlin, and M. 
Niwla Woodroofe, Multiple Sclerosis Society Laboratory, Institute 
of Neurology, 1, Wakefield Street, London, WClN 1PJ. 

Multiple sclerosis ( M S )  is an inflammatory, demyelinating 
disease of the cenhal nervous system (MS) characterised by the 
accumulation of T cells and macrophages in perivenular cuffs in the 
white matter. Cytokines, either produced locally by these cells or 
present as a result of leakage across the blood brain barrier 
influence local cell function. For example inte.rferon (Ifn-bJ ) 
upregulates MHC Class 11 expression on microglia in MS brain, 
which in association with antigen could lead to local activation of 
T cells. Isolated rat brain microglia display enhanced expression of 
Fc receptors on treatment with Ifn- , tumour necrosis factor 
(TNF-a), interleukin-1 (IL-1) and lipoplysaccharide (LPS) whereas 
MHC antigen expression is enhanced only by Ifn- 8. Although 
TNF and LPS individually have no effect on MHC expression by 
microglia they both antagonise Ifn-8-induced expression. The 
enhanced expression of Fc receptors observed in the presence of 
Ifn- 8, TNF or LF'S is SignificantIy inhibited by the combination 
of Ifn with either LPs or m. IL.-1 has little effect on 1fn-Y - 
induced MHC or Fc receptor expression by microglia. Peritoneal 
macrophages behave in a similar way with the notable exception 
that IL-1 enhances Ifn- -induced FcR expression. These 
observations suggest that the functional activity of microglia during 
inflammation or demyelition in the CNS can be influenced by the 
changing profile of cytokines present during lesion development. 

Woodroofe, M.N., Hayes, G.M. & Cumer, M.L. (1989) 
Iinmunology 68, 421-426. 
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5302 TUMOR NECROSIS FACTORa INDUCED OXIDATIVE 
STRESS IN ISOLATED MOUSE HEPATOCYTES. Dawn 

L. Duval, Gregory M. Adamson, & Ruth E. Billings, 
Depts. of Pharmacology & Surgery, University of 
Nevada Medical School, Reno, NV 89557. 
TNFa's cytotoxicity in tumor cells may be due to 
generation of oxygen radicals (RO) since TNFa 
resistance can be conferred by transfecting TNFa 
sensitive cells with a functioning manganese 
superoxide dismutase (MnSOO) gene (Wong et al, 
1989 Cell, x, 923-931). Also TNFa induces 
mitochondrial MnSOD in a variety of cells. TNFa 
impairs mitochondrial respiration in several cell 
types, and may increase mitochondrial generation 
of RO. In addition, TNFa is known to increase 
formation of reactive nitrogen radicals (RN) in 
numerous cell types, including hepatocytes. 
Studies in this laboratory have shown that 
recombinant human TNFa (rhuTNFa) may be toxic to 
isolated mouse hepatocytes by a free radical 
mechanism involving mitochondrial dysfunction and 
oxidative stress. The purpose of the present 
studies was to differentiate between RO and RN in 
the effects of rhuTNFa in cultured mouse 
hepatocytes. It was found that RN formation and 
cytotoxicity were potentiated by the addition of 
interferon T (IFNT) along with TNFa. However, the 
RN synthesis inhibitor, N-methyl-1-arginine 
blocked formation of RN but failed to eliminate 
TNFa's cytotoxicity. Conversely, RO selective 
antioxidants, such as mannitol, benzoate and 
desferrioxamine, were completely protective. Lipid 
peroxidation was modestly increased in TNFa- 
treated cells, with the effect isolated to the 
mitochondria. Most significantly, mitochondrial 
MnSOD activity was increased by 100% in 
hepatocytes treated with TNFa for 24 hrs. These 
results suggest that TNFa increases formation of 
RO in cultured mouse hepatocytes, possibly due to 
increased formation of RO in the mitochondria. RO, 
rather than RN, are responsible for TNF's toxic 
effects in these cells. 

J 304 ISLET CELL REGENERATION 

Danling Gu and Nora E Sarvetnick, Department of 
Neuropharmacology, The Scripps Research Institute, La 
Jolla, California, 92037 
IFN-g is produced in response to infection and has immune- 
stimulatory and proliferative activities. To investigate the 
potential role of IFN-g in inflammatory autoimmune 
diseases, transgenic mice expressing IFN-g in pancreatic beta 
cells were created. These mice suffer from pancreatic 
inflammation leading to islet cell loss. In the course of 
histological examination of inflamed pancreata from ins-EN- 
g transgenic mice we have noticed a dramatic cell 
proliferation within and around the ductal regions. 
Subsequent immunolabeling of histological sections with 
antibodies to glucagon, insulin and somatostatin reveals that 
hormone containing cells appear in the ductal and periductal 
areas. We present evidence that ductal cells from adult 
transgenic mice differentiate into A (glucagon) and B 
(insulin) and C (Somatostatin) producing cells. We have 
found that this process is initiated by duct cell proliferation 
as revealed by incorporation of thymidine analog, 
bromodeoxyuridine (BrdU) and with the appearance of more 
primitive neuroendocrine progenitor cells producing tyrosine 
hydroxylase (TH) along the apical regions of the ducts. The 
regenerative process in the ins-IFN-g transgenic mice 
appears similar to the events that occur during embryonic 
islet cell development. However, some abnormal structures 
and unusual cell types accumulate as these "lesions" progress. 
These studies underscore the lymphokine's ability to initiate a 
complex "transdifferentiation" pathway within a terminally 
differentiated structure. 

IN IFN-g TRANSGENIC MICE 

J 303 

Howard S .  Fox, Debbie D. Watry and Andrew B. Carey, 
Department of Immunology, The Scripps Research Institute, 
La Jolla, CA 92037 
Females animals and humans generally have a more vigorous 
immune system; additionally there is an increased prevalence 
of most autoimmune diseases in women. It is clear that the 
differing sex steroid profile contributes to the immunologic 
differences between the sexes, but the mechanisms by which 
these hormones alter immune responses is unknown. We 
have recently reported that expression of the cytokine IFN-y 
can be regulation by estrogen (1. Immunol. 146: 4362-4367, 
1991). Short-term exposure to 17P-esuadiol increases IFN-y 
mRNA expression and protein production in activated spleen 
cells, whereas no effect on IL-2 expression was found. 
Transient expression assays reveal that the activity of the 
IFN-y promoter can be markedly increased in the presence of 
estrogen, an effect mediated by DNA sequences within the 5'- 
flanking region of the IFN-y gene. Estrogen receptors have 
been identified in CD8+ T cells, thus in vivo estrogen may 
have a direct effect on these lymphocytes, altering production 
of cytokines such as IFN-y and thus affecting immune system 
function. 
Estrogen receptors have also been identified in macrophages 
and selected B cell lines, and we have verified their 
expression in a number of macrophage cell lines and a 
myeloma cell line. Using these cells we are currently 
examining whether estrogen may also directly modulate the 
expression of macrophage and B cell derived cytokines, 
including TNF-a, IL-la,  IL-10, and IL-6. Possible indirect 
regulation, through specific transcription factors, is also 
under investigation. 

SEX STEROID REGULATION OF 
CYTOKINE GENE EXPRESSION 
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IN MYELOID CELLS. Mikko Hurme and Sampsa Matikainen. 
Department of Bacteriology and Immunology. University of 
Helsinki, 00290 Helsinki, Finland. 

Protein kinase C (a serine-threonine kinase) is known to 
be required for the expression of interleukin-1 (IL-1) genes in 
different cell types. To examine the role of the other type of 
kinases, tyrosine kinases, in the signal transduction pathway 
leading to the expression of the IL-1 I3 gene, we first tested the 
effect of genistein (a tyrosine kinase inhibitor). In the myeloid 
leukemia line THP-1 genistein inhibited both the IL-113 protein 
production and mRNA expression which were induced either by 
phorbol myristate. (PMA) or bacterial lipopolysaccharide (LPS). 
These activators also induced tyrosine-specific phosphorylation 
of several proteins in these cells. To localize the site of action of 
this tyrosine kinase activity, THP-1 cells were transfected with 5x 
AP-1-CAT reporter plasmid and then stimulated with PMA in the 
presence or absence of genistein. The same genistein 
concentration (30 pgglrnl) which inhibited the 1L-1 I3 expression did 
not have any effect on the on the induced CAT activity. Thus these 
data suggest that the tyrosine kinase signal required acts either 
distal from the protein kinase C-dependent AP-1 activation or 
independently from it. 

TYROSINE KINASE ACTIVITY IS REQUIRED FOR 
THE EXPRESSION OF THE INTERLEUKIN-1 0 GENE 
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J306 MODULATION BY ANTIBODIES OF THE 
BIOLOGICAL EFFECTS OF INTERLEUKIN 3 

Amanda Tomlinson Jones and Hermann Ziltener The 
Biomedical Research Centre, 2222 Health Sciences 
Mall, UBC. Vancouver B.C. V6T 123 Canada. 
Antibodies to cytokines may develop either 
spontaneously or as  a result of therapy using these 
agents. These antibodies may be either neutralising or 
non-neutralising. We have investigated the possibility 
that some non-neutralising antibodies may enhance the 
effect of their target cytokine. Polyclonal antibodies to 
interleukin 3 (IL-3) were raised in rabbits using 
synthetic peptides which corresponded to sequences in 
the IL-3 molecule which were not involved in receptor 
binding. These antibodies did not neutralise IL-3 in 
bioassays on IL-3 dependent cell lines and in addition 
were able to bind to IL-3 when the IL-3 was complexed 
with its receptor in fluorescence activated cell sorts. 
These antibodies were demonstrated to be of high 
affinity by their co-elution from a Sephadex GlOO 
column together with interleukin 3 bioactivity. In uiuo 
biological studies demonstrated that the combination of 
antibody with IL-3 enhanced the biological activity of IL- 
3 between 7 and 35 fold depending on the assay used. 
Biological read-outs included colony forming units in the 
spleen, P-cell precursor frequency in the spleen and 
bone marrow and histology on spleen, liver, skin, 
jejunum and lung. No toxicity was seen. The mechanism 
of this enhancement appears to be an increase in the 
elimination half life of the interleukin 3. In the presence 
of antibody the a phase half life is extended from 4 
minutes to 10 minutes and the p phase half life is 
extended from 10 minutes to 70 minutes. This 
demonstration of biological enhancement of cytokinq 
activity for antfbodies has a number of implications for 
cytokine therapy. In addition to the effects observed 
with exogenous cytokine therapy it may be possible to 
boost endogenous levels of cytokines using antibodies. 

J N 8  TNF-MEDIATED DISEASE I N  TRANSGENIC MICE: A GENETIC 
MODEL OF ARTHRITIS. G. Kollias, H. CazlariS, S. 

Georgopulos, 3 .  Keffer and L. Probrt .  l a b r a t o r y  of Pk- 
lecular Genetics, Hellenic Pasteur Inst i tute ,  Athens 
115 21, Greece. 

To analyse the expression of the human t-r necrosis 
factor gene and t o  further understand its biological fun- 
ction, we generated several transgenic muse l ines  carry- 
ing and expressing wild type and recombinant hums TNF 
gene constructs. 

A h- TNF gene construct linked t o  the daninant control 
region of the h m  tD2 gene targets  TNF expression spe- 
c i f ica l ly  into T-cells of transgenic mice. Histopatholo- 
gical  analysis showed hypoplastic thymuses with al tered 
architecture and dramtical ly  reduced cort ical  volume. 
These transgenic mice develop a severe wasting syndrome 
and necrotic effects  a re  evident i n  l iver ,  pancreas and 
lymph nodes. Thr-ses are  present in the lung MSCU- 

la ture  a s  w e l l  a s  tha t  of other organs. Detailed analy- 
sis of such transgenic m s e  l ines  is expected t o  give 
further insight into the modulation of the i m m e  system 
by cytokines. 

Moreover, we a re  able t o  show tha t  correct regulation of 
the expression of a wild type h- !Il!?l? transgene can be 
established in transgenic mice. In addition, we can show 
that  its 3*-region is necessary for mcrophage-specific 
expression. Interestingly, transgenic mice expressing a 
3 ' d i f i e d  h u m  gene develop mjor impinrent  i n  leg 
mvemnt. Histological analysis of p r i p h e r a l  joints  rc- 
veakd characteristic features of i n f l m t o r y  synovitis 
and a r t h r i t i s .  Our resul ts  imply direct  involvement of 
TNF in the pathogenesis of a r thr i t i s .  Transgenic mice 
which predictably develop a r t h r i t i s  constitute a novel 
genetic model by which the pathogenesis and treatment of 
this disease in h m s  m y  be further mvestigated. 

J 307 PRODUCTION OF SEVERAL CYTOKINES IN HODGKIN'S 
DISEASE DERIVED CELL LINES S. Klein, M. J k k e r ,  

V. Diehl and H. Tesch. Department of Medicine, University of Cologne, 
5000 Cologne 41, Joseph-Stelzmann Str.9, LFI EB4 RsO8 

Hodgkin's disease derived cell lines w e n  investigated for their capacity 
to produce different cytokines. The production of ILla, ZLID. ZU, IU, 
IL4, ILS, IL6. IL8, TNFa, TNFB, G-CSF and GM-CSF was determined 
by enzyme linked immunmorbent tests (ELISA) and by Northern blot 
experiments. Our results display that Hodgkin's disease derived cell lines 
produce several cytokines, such as ILla, 1L4, IL5, IM, IL8, TNFa, 
TNFB and GM-CSF. The cytokines ILIB, IU, XU and G-CSF could not 
be detected in the supernatants of the cells. In addition the receptors for 
I12 and IL6 could be detected in some of the cell lines. In the cell lines 
with high expression of the IU receptor on the cell surface, we found in 
addition soluble 1U receptors in the supernatants. The expression of IL6 
and IL6 receptor could be confirmed in some primary tissues of 
Hodgkin's disease. From our data we conclude, that IL6 and additional 
cytokines may be involved in the biology of Hodgkin's disease. 

J 309 REQUIREMENTS FOR THE INDUCTION OF 

Gutierrez, I. Moreno, and G. Krcxmer, Centro de Biologia 
Molecular, Universidad Aut6noma. Campus de Cantoblanco, Madrid 
28049, Spain and Basel Institute of Immunology, Basel, Switzerland 
Autoimmune diseases are. polyetiological, insofar as several genetic 
defects and/or environmental triggers have to coincide 10 allow the 
disease to erupr We have analyzed the role of cytokines and cytokine 
antagonists in the induction. acceleration or rerardation of autoimmune 
processes by the lymphokine IL-2. Using a recombinant vaccinia 
virus (IL2.VV) carrying the human IL-2 gene as the autonomously 
replicating IL2 releasing device. we tested the in vivo ability of I L Z  
to either block clonal deletion or to overcome anergy, i.e. the post- 
deletional mechanism implicated in T d  tolerance. We have used 
nansgenic mice for a TCR specific for male antigens, and in athymic 
mice, where due to the absence of intrathymic clonal deletion, 
autotolerance must rely entirely upon peripheral, post-deletional 
mechanisms. In untreated nu/m mice, T cells bearing a "forbidden" 
potentidy autoreactive T-cell repenoire - that would be clonally 
deleted in euthymic conmls - are anergic as revealed by their inability 
to proliferate in response to TCR crosslinking, while T cells from IL 
2.W-treated mice do so and acquire the capacity to deliver help to B 
cells upon specific stimulation. Along the same line, IL-2.VV 
abrogated the unresponsive state of "forbidden" T cells in neonatally 
thymccrOmized mice. Since IL-2 induces autoimmune manifestations 
(DNA autoantibodies, rheumatoid factors, proteinuria, and interstitial 
nephritis) in both d m  and neonatally thymectomized mice, and not 
in euthymic controls. this lymphokine is likely to enhance the 
autoaggressive function of T cells that bear forbidden. potentially 
autoreactive TcR gene products. Also, L-2.VV restored CD8 
expression on CD4-CD8-/dUu T lymphocytes recovd from male 
mice bearing a nansgenic H-Y-specific TCR, which thus fulfiled the 
phenotype prerequisites for class 1-restricted (CDt-media~ed) antigen 
recognition and acquired the capacity to proliferate in rcsponsc to e l l s  
bearing the male-specific H-Y (auto)antigen. Finally. since IL2 docs 
not intexfere both with thymic or peripheral clonal deletion, we 
conclude that IL2 promotes autoimmune disea%s by acting on the 
peripheral mechanisms conbulling self-responses. 

AUTOIMMUNE DISEASES BY IL-2, C. Mardnez-A.. J.C. 

289 



Cytokines in Growth, Development and Pathogenesis 

J310 NITRIC OXIDE PRODUCTION IN ISLETS 
OF NOD MICE. 
Marcia F. McInerney , Basel Al- Ramadi, and Charles 
Janeway Jr .  Department of Immunobiology,  Yale 
University School of Medicine, New Haven, CT. 06510. 
Insulitis or the infiltration of the islet with lymphocytes 
begins at 4 weeks of age in the nonobese diabetic (NOD) 
mouse. Beta(O) cell destruction and the development of 
diabetes occur between three to  six months of age. 
Macrophages are among the first cells to infiltrate the 
isiet and , when activated, are known to secrete a number 
of cytotoxic mediators among which is nitric oxide (NO). 
NO has been shown to be directly cytotoxic for  
mammalian cells. We have studied the ro le  of 
macrophages in the killing of B cells. It was observed that 
the numbers of cells that express both CD45 and class I1 
increase with age in NOD islets. This population would 
include macrophages and B cells. CD45+ cells are 
essentially absent from islets obtained from (BALB/C x 
N 0 D ) F l  mice, which have no evidence of insulitis. 
Concurrent with the increase in cell number we have 
observed an increased production of NO by macrophages 
in islets obtained from NOD mice. NO production was 
studied in islets obtained from 4 week and 11  week old 
NOD mice and age matched (NOD x BALB/C)Fl mice. In 
the absence of IFNy , NO production was undetectable in 
all islets examined. In  the presence of 100U/ml of 
IFNy , 4 week old islets produced 13uM NO (per 50 islets) 
while 11 week old islets produced 18.5uM NO. Islets 
obtained from F1 animals produced undectable levels of 
NO when stimulated with IFNy. The importance of NO in 
the specific destruction of 6 cells would depend on the 
demonstration that 6 are more sensitive to the cytotoxic 
action of NO than other cells resident in the islet. 

J 31 2 THE ROLE OF TNF-a AND TNF-p IN THE INDUCTION AND 
PATHOGENESIS OF MURINE AUTOIMMUNE TYPE 1 
DIABETES: A TRANSGENIC MODEL, Dominic Picarella, 

Chang-Ben Li. Alexander Kratz, Frank David, Nancy Ruddle and Richard 
A. FIavell. Depamnent of Immunobiology. Yale University School of 
Medicine, New Haven, 06510. 
Cytokines have been shown to play a major role in several biological 
processes critical for the development of autoimmune type 1 diabetes. 
These pnxesses include direct toxicity for p cells but not a or 6 cells in the 
pancreas, induction of class I and class I1 expression on p cells, induction 
of expnssion of a variety of adhesion molecules on endothelial cells and 
activation of individual lymphocyte subpopulations. To better understand 
the role of such cytokines in the initiation or pathogenesis of type 1 
diabetes, we constructed several lines of transgenic mice in which the 
expression of the genes encoding murine TNFa, TNFB and human IL-lp 
and IL-6 is controlled by the rat insulin promoter. The following 
experimental questions were addressed: Is the expression of one or more 
of these cytokines sufficient to initiate an autoimmune reaction in the 
pancreas resulting in diabetes?, and secondly, do these cytokines, alone or 
in combination, play a role in the parhogenesis of type 1 diabetes? To 
address these questions, positive founder mice (CBAxB6)FZ were mated 
to C57BU6 and NOD strains. Histological examination of pancreata from 
F1 progeny on the B6 and NOD backgrounds indicated that expression of 
TNFa and TNFp resulted in a marked perivascular infiltration without 
obvious insulitis by 1 month of age in both lines. By 3 months of age the 
infiltration had progressed to marked insulitis. Concomitant with the 
development of insulitis was a loss of insulin production, as determined 
by immnocytochemistry. in the Islets of Langerhans of transgenic mice 
relative to age and sex matched hansgenic negative littermates. Glucagon 
levels were normal in  both groups suggesting that the effect of the 
infiltration is specific for the p cells. Since a diabetic state has not been 
achieved in either the RIP-TNFa or RIP-TNFp by 3 months of age, it 
remains unclear at this time whether the insulitis has been fully uncoupled 
from development of diabetes or whether the insulitis will ultimately 
progress to a fully diabetic state. 

J 311 

John W. Morgan', Abby L. Maizel', Jeff Clark- and Surendra 
Sharma'. 'Dept. of Pathology and Laboratory Medicine, ~ D e p t .  of 
Medicine, Roger Williams Cancer Center - Brown University, 
Providence, RI 02908. 
Vitamin D3 has been shown to effect numerous diverse immune 
functions in both monocytes and lymphocytes. Monocytic lineage 
cells can locally convert the relatively inactive 25-hydroxyvitamin 
D3 (25(OH)D3) to the more biologically active form, 1,25(OH)2D3 
(calcitriol); interestingly, monocytic cells also express the low 
affinity receptor for IgE, FCERII/CDB, which may be linked to 
the maturation process. We investigated the effect of 1,25(OH)2D3 
on CD23 gene expression, specifically analyzing CD23 isoform 
modulation. It was observed that 1,25(OH)2D3 suppressed 
spontaneous and IL4-induced CD23b isoform expression in the 
monocytic cell line U937, at both the mRNA and protein levels. 
This negative modulation occurs apparently concurrent with an 
upregulation of CDllb, indicative of lineage maturation. 
However, 1,25(OH)2D3 failed to suppress CD23 expression at the 
protein level in EBV-transformed lymphocytes, as we11 as 
activated tonsillar B cells. This conundrum is supported by the 
observation that 1,25(OH)2D3 exhibits no detectable effect upon 
expression of spontaneous or K4-induced CD23a mRNA in these 
B lineage cells. Interestingly, 1,25(OH)2D3 was found to inhibit 
IL.4-induced CD23b mRNA expression in both EBV-transformed 
lymphocytes and activated tonsillar B cells, paralleling its effect 
on U937 cells. The distinct regulation of CD23b by 1,25(OH)2D3 in 
both monocytic and B cell lineages raises the possibility that the 
promoter region for the CD23b isoform may express regions 
complementary with a 1,25(0H)2D3-responsive negative 
regulatory element. 

1,25-DlHYDROXYWAMIN D3 SELECTlVELY INHIBITS 
FCERn/CD23 B ISOFORM GENE EXFRESSION. 

J 313 REGULATION OF PANCREA~C BETA-CELL GROWTH AND INSULIN 
SECRETION BY CYTOKINES, h e  Sjoholm, Department of Endocrinology. 

Karolinska Institute. Karolinska Hospital. Box 60500. S-lo4 01 Stockholm. Sweden. 
Cylokines, in particular interleulun-l beta (IL-I), have been proposed to play a key role 
in the pathogenesis of type I diabetes mellitus. because they are known to be secreted 
by islet-infiltrating macrophages and because they inhibit betacell function in vitro. In 
this study, I have investigated the effects of vanous cytokines on proliferauon and 
insulin secretion by fetal rat betazells or RINm5F insulinoma cells in vitro In the fetal 
beta-cells it was found that U-1 exerted a bimodal effect on beta-cell growth in that it 
iniually suppressed DNA synthesis. an effect that was later turned into a potent 
sumulation. In contrasL IL-1 consistently suppressed insulin secretion and beta-cell 
CAMP content. Addition of the stirnulatory CAMP analog SpcAMP[S] or pertussis 
toxin prematment (which increased CAMP content) increased beta-cell replicauon and 
insulin secretion. but failed to prevent the repressive actions of IL-I, indicating that the 
effects of the cytokine are not conveyed through interference with inhibitory GTP- 
binding proteins regulaung adenylyl cyclase Addition of the serine protease inhibitor 
TLCK. however, protected completely against the suppression of insulin secretton 
evoked by IL-1. though it also exerted a marked antiproliferauve effect on its own 
possibly owing to its reported inhibiuon of tyrosine kinases. Interferon-gamma caused a 
moderate stimulation of beta-cell replication while suppressing insulin secretion. 
Interferon-alpha and TW-alpha were without effect U-6 slightly enhanced long-term 
insulin secretion withoul affecting DNA synthesis; however, addiuon of double- 
stranded RNA (a known inducer of IL-6 production) failed to affect these parameters, 
suggesting that 1L-6 cannot be formed in this system in sufficient amounts to influence 
beta-cell function. 
In RINm5F insulinoma cells IL-1 caused a moderate inhibition of cell proliferauon, but 
markedly suppressed insulin release and cellular insulin cmtent. More marked 
inhibitory effects were exerted by IFN-gamma and IFN-alpha the latter only at high 
concentrauons TNF-alpha, IL-6 or double-sfranded RNA did not influence RINmSI; 
growth or funcuon; neither were the inhibitory acuons of IL-I or the interferons 
prevented by pertussis toxm pretreatment (which also itself was without effect) 
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J314 PRODUCTION O F  INTERLEUKIN I .  INTERLEUKIN 6 
AND TUMOR NECROSIS FACTOR ALPHA IN RESPONSE 

TO ESTROGEN AND PROGESTERONE DURING THE 
PERIIMPLANTATION PERIOD O F  PREGNANCY, Gary W. Wood, 
Mamata De, Thomas Sanford, Department of Pathology and Oncology, 
the University of Kansas Medical Center, Kansas City, KS 66103 
The current study showed that the uterus of pregnant mice contains 
interleukin 1 (IL-I), interleukin 6 (IL-6) and tumor necrosis factor 
alpha (TNFa)  during the periimplantation period (days 3-9). A peak 
of 1L- I mRNA, bioactivity and immunocytochemically detectable 
protein occurred on day four. 1L-I activity decreased to very low 
levels following implantation. Increased IL-6 activity and, later, 
increased T N F a  activity followed the IL-I peak. Throughout the 
periimplantation period, the level of cytokine bioactivity and 
immunocytochemically detectable protein approximately paralleled 
mRNA expression. The ovarian steroids, estrogen and progesterone, 
regulate many of the cellular and molecular changes which occur in 
the uterus. To  explore the possibility that intrauterine production of 
IL-I ,  1L-6 and T N F a  is controlled by ovarian hormones, cytokine 
mRNA, bioactivity and immunocytochemically detectable protein was 
quantitated following ovariectomy and following exposure of 
ovariectomized mice to estrogen and/or progesterone. Uterus from 
ovariectomized mice contained no detectable cytokine activity, and 
systemic administration of estrogen or progesterone resulted in 
induction of 1 L - l a  and IL-I0 mRNA expression. Significant 
amounts of 1L-6 and T N F o  mRNA appeared only following exposure 
of ovariectomized mice to estrogen plus progesterone. Cytokine 
bioactivity and immunocytochemically detectable protein also 
appeared following administration of either estrogen or progesterone. 
The highest activity levels were observed following injection of 
estrogen plus progesterone Those data showing natural expression of 
pro-znflammatory cytokines during implantation and their induction 
by estrogen and progesterone raise the possibility that a cascade of  
cytokines and cytokine-induced mediators plays a role in estrogen and 
progesterone-induced cellular events during the early stages of 
pregnancy. 

Differentiation; Neurobiology; Cardiovascular System; Ontogeny ofAging; 
Interactions in Bacterial and Parasitic Diseases 
J 400 IL-4 DEFICIENCY IN MICE GENERATED BY GENE 

TARGETING, Horst Bluthmann7, Manfred Kopf', Rinus 
Lamers', and Georges Kohler', Department PRTB, Hoffmann- 
La Roche, Basel, Switzerland, and * Max-Planck-lnstitut fur 
Immunbiologie, Freiburg, Germany 
The cytokine IL-4 is produced by T lymphocytes and mast cells 
and exerts a variety of functions including the induction of growth 
and differentiation of B and T cells. Some of its functions have 
been shown to be synergized or antagonized by other cytokines. 
This pleiotropisrn as well as redundancy in the activity of 

cytokines makes the analysis of the action of a single one very 
difficult. To dissect the cytokine network we have introduced a 
null mutation in the IL-4 gene by homologous recombination 
using the embryonic stem cell line D3M. Injection of the targeted 
D3M stem cells into C57BU6 host blastocysts has yielded 21 
highly chimeric male mice, 9 of which were identified as germ 
line transmitters of the mutation. Heterozygous lL-4 -mutan! mice 
were intercrossed to obtain homozygous mutant offspring, which 
were analyzed for the effect of IL-4 inactivation on B and T cell 
development and differentiation. Thymocytes and peripheral T 
cells were found to be normal in homozygous mutants with 
respect to the total number and relative size of CD4+/CD8+ 
subsets. Serum lgGl levels, however, were reduced by a factor 
of 20 compared to control littermates. In addition, IgE could not 
be detected in the serum of the mutants. These results indicate 
that other factors than IL-4 can induce in B cells - although much 
less efficiently - isotype switching to IgGl, but that the class 
switch to IgE is completely under the control of IL-4. 

J 401 DIFFERENTIAL DEVELOPMENTAL EXPRESSION OF mRNA 
FOR STEM CELL FACTOR AND ITS RECEPTOR, c-m. IN 

MONONUCLEAR AND ENDOTHELIAL CELLS FROM NEWBORNS AND 
ADULTS, J.S. Buzby. E. Knoppel. S.D. Lyman, and M.S. Cairo. lmmunex 
Copra t ion .  Seattle, WA 981011, and Children's Hospital of Orange County, 
Orange. CA 92668. 
The developmental immaturity of twonatal hematopoiesis is characterized by 
high incidence of cytopenia during s ta tes  of increased demand, such as 
bacterial sepsis. We have previously demonstrated reduced levels of 
hematopoietic cytokine expression (GM-CSF, G-CSF. IL-3) in human umbilical 
cord vs. adult peripheral blood mononuclear cells (MNC) (Cairo, et al, Pediatr 
Res, in press). The recent discovery of stem cell (Steel) factor (SCF). which 
Stimulates proliferation of primitive hematopoietic progenitor cells (Broxmeyer 
et al. Blood 77:2142) has led us to  investigate its pathogenetic role in neonatal 
dyshematopoiesis. MNC were isolated from cord blood obtained after normal, 
nonstressed deliveries and from adult peripheral blood. Vascular endothelial 
cells (EC) were obtained from umbilical veins and adult aortas. Cells were 
stimulated w%h phorbol ester (30 ngml PMA), IL-lB (5UlmI). and other agonists 
for 4 hrs prior to  RNA isolation. The RNA was then subjected to Northern blot 
hybridization with 32P-labeled probes from pBs:hMGF and phckivl'll to detect 
expression of SCF and c-U respectively. For comparison, probes from 
PELAM-1 and pG4Hl. lms-  were used to assay expression of leukocyte 
adhesion molecules. ELAM-1 and CAM-1. in EC. Expression was normalized 
to p-actin mRNA determined using a probe from pHFpA-1. Cell lines 3T3 and 
A172 were utilized as positive controls for SCF and c-U mRNA expression 
respectively. The unstimulated expression of c-M mRNA was significantly 
higher in cells from umbilical cords than from adults, but was equally down- 
modulated by PMA stimulation. In contrast, unstimulated SCF mRNA 
expression was significantly higher in aduns. and was equally up-regulated by 
PMA Stimulation of cord and adun EC. The response of SCF to stimulation in 
EC was very similar to that of ELAM-1 and CAM-1, in that both were induced by 
PMA and IL-1p stimulation. This preliminary data suggests that aduH MNC and 
EC express more mRNA for SCF but less for its receptor. c-kit. compared to 
newborns, and that SCF and c-kit expression may b e  coordinately controlled. 
Additionally, regulation of endothelial leukocyte adhesion proteins may parallel 
the regulation of SCF expression. Reduced SCF expression from newborn 
cellular sources (MNC and EC) may be important in the pathogenesis of the 
immaturity of neonatal hematopoiesis. 
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J 402 THE CAPACITY OF TNF, IL-1 AND LT TO INDUCE 
NITRIC OXIDE IN VNO AS A POSSIBLE EXPLANATION 

FOR ALTERED MENTAL STATES IN ACUTE SYSTEMIC 
DISEASE, Ian A. Clark, Kirk A. Rockett. Karen M. Gray, Elizabeth J. 
Rockett and William B. Cowden, Deprtment of Biochemistry and 
Molecular Biology, Australian National University, Canberra, ACT 2601, 
Australia. 
Cell-medated immunity and many of the harmul effects of parasitic 
infection are now thought to depend on the release of cytokines such as 
tumour necrosis factor (TNF), but their mechanism of action is still an 
open question. TNF has been shown to induce nitric oxide in  virro 
(Kilbourn, er a[., PNAS 82: 772; 190). Since TNF. interleukin-1 (a -1)  
and lymphotoxin (LT) are all increased in the serum of malarial patients, 
we have compared the capacity of these and other cytokines to induce 
nitric oxide in vivo, as expressed by the measurement of reactive nitrogen 
intemediates (W) in murine plasma. Both malaria (P. vincki)-prirned 
(subclinically infected) and normal mice were tested. 

Plasma was exposed to a copper/cadmium/zinc catalyst to conven nitrate 
to nitrite, then to Griess reagent, and the product measured 
colorimetrically. TNF, IL-1 and LT all increased the generation of 
products of NO, more so in mice carrying sub-clinical infections than in 
control animals. In contrast, EN-y and IL-6 induced negligible NO 
products invivo. N6-methyl-L-arginine inhibited w e n e r a t i o n  of 
these products, demostrating their arginine origin. 

NO moves freely across membranes, and has recently been recognized as 
a major second messenger in excitatory synaptic neurotransmission. 
Therefore the capacity of TNF, L - 1  and LT to induce NO inside blood 
vessels allows a new model of human cerebral malaria, in  which 
cytokine-induced NO mingles with NO of neuronal origin, thus 
interfering with orderly cell-to-cell signalling in the brain. In particular, 
NO has been shown to inactivate the binding protein of glutamate 
receptors, thus reducing excitatory synaptic transmission. This proposal 
explains several key features of human cerebral malaria, such as an intact 
blood-brain barrier, and the rarity of residual neurological deficits, that 
are inconsistent with the current models for this disease. 

This principle could explain how a range of acute systemic viral 
rickettsia1 and bacterial pathogens that do not enter the brain can 
nevertheless transiently affect brain function. 

J 404 INACTIVATION OF INTERFERON-y FUNCTION IN THE 
MOUSE,  Dyana Dalton, Sharon Pitts-Meek. Bruce 

Hultgren and Timothy A. Stewart. Genentech Inc., South San 
Francisco, CA 94080 

Interferon-y, a lymphokine produced by activated T cells, has 
a variety of possible physiological functions. IFN-y appears to 
play a major role in macrophage activation for both the killing 
of tumor cells in vitro, and for host defense against intracellular 
pathogens such as Listeria. In addition, IFN-y has antiviral 
activity, induces class II antigens on some cell types, and may 
be involved in lg isotype switching during an immune 
response. 

Classical genetic analysis--analyzing the phenotype of an 
organism in which the function of a specific gene has been 
abolished--is a powerful method of determining the function of 
that gene. To investigate the function of IFN-y in the mouse, we 
are in the process of generating mice which are deficient for 
production of IFN-y. By using homologous recombination in 
the AB-1 embryonic stem (ES) cell line, we have replaced one 
normal copy of the IFN-ygene with a defective copy of the IFN-y 
gene. One of four targeted clones, when injected into C57/BL6 
blastocysts. gave rise to many highly chimeric male mice (95- 
100% agouti coat color) indicating a high percentage 
contribution by the targeted ES cells to the chimeric mice. Six 
of these mice are transmitting only the ES cell derived 
genotype to their offspring. Approximately half of the F1 
offspring are heterozygous for the targeted IFN-y gene. 
Heterozygote matings are currently underway to generate F2 
mice that are homozygous for the targeted IFN-y gene. The 
viability and phenotype of the IFN-y deficient mice will be 
discussed. 

J 403 TNF RECEPTOR EXPRESSION IN T LYMPHOCYTES: 
DIFFERENTIAL REGULATION O F  THE TYPE I TNF 

RECEPTOR DURING ACTIVATION OF RESTING AND 
EFFECTOR T CELLS. Paul D. Crowe, Carl F. Ware, Todd L. 
VanArsdale, Janet L. Andrews, Marcia H. Grayson, Rita Jerzy, Craig 
A. Smith, and Ray G. Goodwin, Division of Biomedical Sciences, 
University of California Riverside, CA 92521 and Immunex 
Corporation, 51 University Street, Seattle, WA 98101. 
The expression of TNF-a receptors (TNFR) was examined on a CD4' 
T cell hybridoma, transformed T cell lines, CTL clones, and activated 
T cells from peripheral blood. Ligand crosslinking analysis and 
competitive binding assays using a MAb to the 80 kDa receptor 
(TNFR-I) demonstrated that the TNFR-I was the predominant 
receptor expressed on activated CD4+ and CD8' T cell subsets. 
However, on T cell leukemic lines additional, non-TNFR-I binding was 
identified which was most likely due to the 55 kDa TNFR (TNFR-11). 
Additional subsets of T cells were readily distinguished by their 
expression of TNFR-I and related members of the TNFR gene family 
(CD40 and CD27). Signalling through the T cell receptor (TCR) for 
antigen or IL-2 receptor was sufficient to induce TNFR mRNA and 
protein expression in resting T cells. Multiple sizes of TNFR-I 
transcripts were detected during T cell activation. However, 
biosynthetic studies showed that these multiple species encode a single 
protein of 80 kDa. These results, and the reported ability of TNF to 
induce IL2 receptor expression, indicate that TNF and IL-2 form a 
reciprocating receptor amplification circuit. In contrast, differentiated 
effector T cells triggered through the TCR or protein kinase C initiated 
a rapid down-regulation (transmodulation) of TNFR-I that preceded 
TNF or LT secretion. The mechanism of transmodulation involved 
proteolytic processing of the mature 80 kDa receptor, releasing a 
soluble 40 kDa fragment. This indicates that a TNF autocrine loop is 
not likely to form during activation of an effector T cell. Collectively, 
these results suggest that transcriptional and post-translational 
modification of TNFR-I are important control points regulating the 
expression of this receptor during T cell activation. Supported by the 
Haas Estate for Cancer Research and the Cancer Federation, Inc. 

J 405 CYTOKINE INDUCED INFLAMMATORY/ 
HYPERPLASTIC RESPONSE IN THE EYE 

Marijo Gallinal, Edward Howes2, Xiao-Jian Huangl, Gabriel 
T. Travis), and Nora E. Sarvetnick', 'Department of 
Neuropharmacology, The Scripps Research Institute, La Jolla, 
CA, 92037, ZUCSF, San Francisco, 3University of Texas, 
Dallas 
We are interested in assessing the potentially pathogenic 
effects of the lymphokine interferon gamma (IFNg) in the 
central nervous system (CNS). Transgenic mice in which 
expression of the IFNg targeted to a portion of the CNS (the 
retina) were used to induce morphological changes in the eye. 
The DNA elements required for expression in the 
neuroepithelium of the eye are located in a sequence of nucleic 
acids extending from -2174 to +70bp of the murine rhodopsin 
gene. We attached this rhodopsin promoter (rho) sequence to 
the gene encoding production of IFNg. This rho-IFNg 
construct was used to produce transgenic mice. The transgene 
was found to be present in nine lines of progeny, of which 
four expressed a white-eyed phenotype. These lines also 
displayed evidence of IFNg production by the retina as shown 
by in situ hybridization. Although expression of the transgene 
was found to be limited to the photoreceptors, responses to 
IFNg were not confined to the retina, but were far more 
reaching, apparently indicating the efficient secretion of the 
cytokine. Production of IFNg led to shortening of the rod 
outer segments, and eventually degenerative changes in these 
cells. Also within the retina, gliosis and inflammation of the 
ganglion layer was observed. Interestingly, we have found 
both degeneration and hyperplasia of the lens fibers as well as 
inflammation of the iris and vitreous humor of the eye. These 
studies demonstrate the potentially pathologic effects of 
induced cytokine expression in the CNS. 
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J406 Regulation of IL-9 expression in susceptible and 
resistant mice after infection with Leishmania major 

Andrt Gessner, Host Blum, and Manin R&illinghoff, Institut fiir 
Klinische Mikrobiologie der UniversitBt Erlangen-Niimberg, F.R.G. 

IL-9 is a pleiorropic lymphokine, one of its activities is to stimulate 
growth of certain CD4+ T-lymphocytes. In murine leishmaniasis, 
depending on the genetic background of the host mouse strain, 
vigorous proliferation of either mainly Thl- in resistant CS7BU6 mice 
or Th2- type CD4+ T cells in susceptible BALBlc mice occurs after 
infection. To evaluate the possible role of IL-9 with regard to its 
immunregulatory function, the expression kinetics in spleen and lymph 
nodes of this lymphokine were compared between resistant and 
susceptible mice. 
We show for the first time that this lymphokine is indeed produced 
during an immune response against an infectious agent. No principial 
differences in the kinetics of IL-9 expression, which had its maximum 
between day 5 and 7 afier infection could be observed. The rate of 
production however appeared to be higher in susceptible 
BALB/c mice. After depletion of either CD4+ or CD8+ T cells the 
reduction of IL-9 production was more than SO %, suggesting the 
functional importance of cooperation between these T cell 
subpopulations with regard to the production of IL-9. Studies are in 
progress to further evaluate the specific effects of this lymphokine on 
cell proliferation and differentiation in the T cell compartment. 

J 408 IMMUNOMODULATORY EFFECTS O F  TGFp ON T 
LYMPHOCYTES: CD4-CD8- THYMOCYTES BECOME 

CD8 SINGLE POSITIVE IN RESPONSE TO TGFB AND IL-2. 
Thomas H. Inge and Harry D. Bear, Department of 
Microbiology/lmmunology, and Surgery, Medical College of 
Virginia/Virginia Commonwealth University, Richmond, VA 
23298. 

pathways and molecular mechanisms of T cell differentiation, the 
external signals that drive differentiation of immature thymocytes 
are still incompletely understood. When murine CD4CD8- 
(double negative, DN) thymocytes were stimulated with phorbol 
dibutyrate (PDBu) + ionomycin (10) and cultured with 
transforming growth factor-p (TGFp) and interleukin-2 (IL-2), 
growth was inhibited by 40% compared to IL-2 alone. 
Concurrently, 30% of the cells exposed to TGFp became CD8' 
after 2 days, while CD4 expression was virtually absent throughout 
12 days of culture. DN thymocytes stimulated with PDBu + 10 
and cultured in I t -2  alone were never more than 10% CD8'. 
When TCR/CD3 expression was examined, we found that 60% of 
the CD8+ cells were TCR/CD3-. Analysis of relative rates of 
proliferation and growth for CD8- and CD8' subsets eliminated the 
possibility that the TGFp-induced increase in the proportion of 
CD8' cells resulted from selective survival or growth in TGFp. 

In a separate series of experiments, we obtained similar 
data using the CTLL-2 cell line. When C I z L - 2 . m  were treated 
with TGFp and IL-2, growth was significantly inhibited and steady- 
state CD8a mRNA levels rose to >4-times the levels seen with IL- 
2 alone and peaked at 6-12 hours. De novo surface expression of 
CD8a/p also occurred in a dose and time dependent manner and 
was dependent on new RNA synthesis. Together, these data 
indicate that the association between TGFp treatment and CD8 
expression is generalizable and suggest that TGFp is not only a 
potent inhibitor of T cell growth but also may play a role in T cell 
differentiation processes. 

Although much is known about the cellular developmental 

J 407 CHANGES IN THE EXPRESSION OF TUMOR NECROSIS 
FACTOR RECEPTORS DURING DIFFERENTIATION OF 

HL-60 CELLS, Helmut Holtmann, Reinhard Winzen, Cord Brake- 
busch, Yaron Nophar*, Hartmut Engelmann*, Klaus Resch and 
David Wallach*, Institute of Molecular Pharmacology, Medical 
School, Hannover, FRG, and *Department of Molecular Genetics 
and Virology, The Weizmann Institute of Science, Rehovot, Israel 
Tumor necrosis factor (TNF). by binding to specific cell surface 
receptors, induces a wide variety of effects. Two distinct 
rnolecular species of these receptors have recently been 
identified and cloned. Expression of these two receptor species 
was studied in the promyelocytic leukemia cell line HL-60 before 
and after inducing dfferentiation of the cells along the 
granulocyte lineage (by incubation with retinoic acid) or along 
the macrophage lineage (by incubation with the phorbol ester 
PMA). The sue of the complexes formed after crosslinking of 
TNF to its receptors on intact cells, as well as the extent of 
inhibition of TNF-binding by receptor-specific antisera indicated 
that on the surface of the undifferentiated HL-60 cells both 
receptor types were expressed. Dfferentiation into granulocyte- 
like cells resulted in some increase in TNF binding, apparently 
due to an increase in expression of the 75 kDa TNF-R, with no 
significant changes in the 55 kDa receptor species. In contrast, 
HL-60 cells induced to differentiate into macrophage-like celk 
lost completely the expression of the 55 kDa TNF-R. The 
pattern of TNF-R expression in the differentiated HL-60 cells 
correlated to the pattern observed in leukocytes isolated from 
peripheral blood: on granulocytes about equal amounts of both 
receptor species could be discerned, whereas on monocytes 
the 75 kDa receptors were predominant. The loss of 55 kDa 
receptors during differentiation of HL-60 cells into macrophage- 
like cells was accompanied by a strong decrease in the level of 
the mRNA for that receptor species, suggesting that at least 
part of the change in TNF-R expression observed is due to 
mechanisms controlling the amounts of the receptor mRNA. 
Conceivably, although there is still little knowledge on the 
functional differences between the two receptor species, 
profound changes in the pattern of their expression, as 
observed during differentiation of HL-60 cells, are expected to 
alter the kind of response of the cells to TNF and may therefore 
have an important role in the coordination of the effects of TNF 
in the organism. 

J 409 PRODUCTION AND RELEASE OF IL-15 BY HUMAN 
PERIPHERAL BLOOD MONOCYTES; POSSIBLE ROLE 

OF "MICRODAMAGE" TO ACCOUNT FOR UNREGULATED 
RELEASE, John J. Jessop and Thomas Hoffman, 
Laboratory of Cell Biology, Division of Hematology, 
CBER, FDA, Bldg. 29, Rm. 222, 8800 Rockville Pike, 
Bethesda, MD. 20892 
Three different monocyte stimuli 
(lipopolysaccharide (LPS), concanavalin-A (Con-A), 
and phorbol myristate acetate (TPA)) all induced 
production and release of IL-15 from human 
monocytes in vitro. LPS demonstrated the greatest 
potency for both IL-15 production and release and 
induced IL-1B release by 3 h after activation, 
while Con-A was equally efficacious though less 
potent than LPS with release appearing at 12-24 h. 
TPA was a comparatively weak inducer of IL-15 
production, but a consistent inducer of release. 
IL-10 release by all three activators occurred at 
activator concentrations greater than or equal to 
those required for optimal IL-1R production, 
correlated best with total IL-15 produced, and was 
associated with release of the cytosolic enzyme 
marker lactate dehydrogenase (LDH) which followed 
IL-15 release temporally. LPS and Con-A had no 
effect on protein synthesis, a measure of overt 
toxicity, while TPA inhibited protein synthesis in 
a dose-dependent fashion. while LPS and Con-A 
induced expression of a 33 and a 29 kDa precursor 
IL-15, only the 17 kDa form was released. These 
data indicate that LPS and Con-A may stimulate 
release of IL-1B from human monocytes vitro 
through induction of microdamage to the cell 
membrane by an unregulated process. TPA induces a 
more profound damage to cellular integrity. The 
involvement of microdamage to membrane integrity in 
this in vitro system, as determined by LDH release, 
casts doubt upon its physiological relevance. 
However, since IL-18 and LDH both locate in the 
cytosol, an IL-15 release mechanism that 
coincidentally transports LDH to the outside of the 
cell cannot be ruled out at this time. 
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J 410 PLASMA LEVELS OF TNFa, IL-ID AND IL-6 AFTER 
MODERATE SURGERY. M. Krisiiansson', L. Saraste', 

M. Soop', K.C. Sundqvisto. Dept of Anaesthesiology and 
Intensive Care' and Dept of Clinical Immunologyo, Huddinge 
University Hospital, S-141 86 Huddinge, Sweden. 
Tumor necrosis factor (TNFa) and interleukins (IL) have been 
reported to mediate metabolic alterations in response to trauma 
and infection (I) :  Metabolic changes are prominent 1-2 days 
postoperatively. A recent report indicates that IL-6 plasma 
levels increase after moderate surgery (2). Few published 
results concern cytokine levels after major surgery and in 
critically ill patients. 
The aim of this study was to investigate plasma levels of TNFa, 
1L-I0 and IL-6 postoperatively in patients with and without 
infection. Eleven non-infected patients and nine infected 
patients, subjected to moderate surgery, were studied 1-2 days 
postoperatively. Plasma cytokine values in twelve healthy 
volunteers were used for comparison. Plasma IL-6 and IL-ID 
levels (pg/ml) were determined by ELISA and plasma TNFa levels 
(pg/ml) by RIA. Values were expressed as meanstSEM (medians). 
The Mann-Whitney U-test was used for the statistical analysis. 
Infected patients showed higher plasma IL-6 levels than non- 
infected patients. 746k201 (%O) vs 179?49 (138), p<O.OS. The 
plasma IL-6 concentrations i n  controls, 16t13 (0). were lower, 
p<O.O01. Similar analyses of plasma TNFa levels revealed no 
significant differences. Delectable levels of plasma IL-I0 were 
found in only three patients (one infected and two non- 
infected) and in one control. 
Conclusion: The results indicate that circulating levels of IL- 
6, but not of TNFa or of IL-IR, are increased 1-2 days post- 
operatively. in particular during simultaneous infection. This 
suggests that IL-6 may be involved in the response to trauma 
and infection 24-48 hours postoperatively, 
Reference: 
1. Fong Y. et al. Surgery, Gynecology & Obstetrics. 1990170 

363-378. 
2. Cruickshank AM et al. Clinical Science. 1990:79:161-16S. 

J 412 INTERLEUKIN-I (lL-1) AND HYDROXYL RADICAL 
INVOLVEMENT IN THE BIOLOGICAL A(JII0NS OF 

BORDFTELLA PERTUSSIS TRACHEAL CYTOTOXIN, Linda J. 
Nixon*, Stephen A. M o m .  Emil R. Unanue, and William E. Goldman, 
Washington University School of Medicine, St. Louis, MO 631 10 

peptide that is responsible for the respiratory cytopathology associated 
with the penussis syndrome. The actions of TCT have been demonstrated 
using two in v i m  models of the respiratory epithelium: destruction of 
ciliated cells in hamster nacheal organ culture, and dose-dependent 
inhibition of DNA synthesis in hamster nachea epithelial (HTE) cells. 
Because T(JT has also been found to stimulate interleukin-1 e l )  
production by monocytes and macrophages, we are assessing the potential 
role of LL-1 as the mediator of TCT toxicity for respiratory epithelial cells. 

In initial studies, we used a biological assay for IL-1 activity to  show 
that TCT induces the production of cell-associated IL-1 in both of our 
epithelial models. Furthermore, we tested the ability of recombinant 
murine IL-lp (rIL-lB ) to mimic the actions of TCT. In the range of 0.5- 
5.0 nglml, rIL l p  inhibited DNA synthesis in HTE cells in a dose- 
dependent manner. As little as 20 nglml rIL-lB reproduced the pathology 
of TCT in hamster tracheal organ culture, as determined by light and 
electron microscopy. 

We have begun to elucidate the mechanism by which TCT and IL-1 
are toxic for the respiratory epithelium. W e  have tested a variety of 
oxygen free radical scavengers and antioxidant enzymes for their ability to 
alter the toxic effccts of TCTand rIL-lp. Several lipid soluble hydroxyl 
radical scavengers, including vitamin A, dimethyl sulfoxide. 
dimethylthiourea, and dimethylurea, were found to  attenuate the inhibition 
of DNA synthesis in HTE cells by at least 70%. Thus, TCT and rL-lp 
appear to cause inhibitory effects on DNA synthesis via the inhacellular 
generation of hydroxyl free radicals. Because rLL-lp mimics the 
biological actions of TCT through a common mechanism, there is 
evidence that cell-associated IL-1 may play an autocrine role in mediating 
the toxicity of TCT. 

Borderelfapenlcrsis tracheal cytotoxin (To is a 921 dalton m-yl 

J411 IL-1 AND TNF MEDIATE THE ANTI-KETOGENIC 
EFFECT OF ENDOTOXIN. Riaz A. Memon, Kenneth 

R. Feingold and Carl Grunfeid. Department of 
Medicine, University of California, and Metabolism 
Section, VA Medical Center, San Francisco, 
California 94121. 
To determine the role of cytokines in mediating 
the decrease in ketones associated with infection, 
we studied the effect of endotoxin (LPS), IL-1 and 
TNF on serum and hepatic ketone body (KB) levels, 
serum free fatty acids (FFA) and hepatic malonyl- 
CoA levels. LPS (1 ug) decreased serum KB by 75% 
with a maximal decrease (90%) observed following 
10 ug LPS in C57B1/6 (LPS-sensitive) mice. In 
contrast, LPS had little effect on serum KB in 
C3H/HeJ (LPS-resistant) mice, whose macrophages 
lack the ability to produce IL-1 and TNF in 
response to LPS. A maximum decrease in hepatic KB 
was observed after 1 ug LPS in C57B1/6 mice 
whereas 100 fold higher doses of LPS had little 
effect in C3n/HeJ mice, suggesting that IL-1 and 
TNF may mediate this effect. IL-1 (80 ng) and TNF 
( +  ug) decreased serum KB significantly in C57B1/6 
mice. IL-1 decreased hepatic KB production whereas 
TNF had no such effect. IL-1 and TNF increased 
hepatic malonyl-CoA levels, an allosteric 
inhibitor of carnitine palmitoyltransferase I, the 
rate limiting enzyme of fatty acid oxidation and 
ketogenesis. TNF acutely raised serum FFA 
(increased lipolysis), whereas IL-1 did not. By 
using phenylisopropyladenosine to block TNF 
induced lipolysis, we demonstrated that the anti- 
ketogenic effect of TNF is reversed by its acute 
effect on lipolysis, which results in an increased 
flux of fatty acid substrate to the liver, thereby 
counterbalancing the inhibitory effect of malonyl- 
CoA on fatty acid oxidation and ketogenesis. Taken 
together, these data suggest that IL-1 and TNF may 
mediate the anti-ketogenic effect of endotoxin and 
infection. 

J 413 PKC ACTIVATION AND GRCWIH F A L ~  STIMULATION ACT 
SYNEKISTICALLY DURING NEURWAL DIFFERENTIATION OF 

CULTURED NEUROBWTCMA CELLS, Sven P%drmn,  Department of 
Pathology, University of Uppsala, S-751 85 Uppsala, Sweden 
The human SH-SYjY neuroblastm cells differentiate into 
neuron-like cells when treated with 12-0-tetradecanoyl- 
phorbl-13-acetate (FA). This differentiation, which is 
induced in culture medium containing fetal calf serum, is 
accompanied by growth inhibition. Using a defined, serum 
free, medium we have previously shown that insulin, IGF-I 
and IGF-I1 are mitogens for untreated SH-SY5Y cells, and 
that the corresponding receptors are expressed in these 
ce l l s .  After TPA treatment the cells do not replicate when 
stimulated with any of these three factors. However, the 
receptors for insulin and IGF-I are still expressed and are 
functional in the differentiated cells. &re we show that 
IGF-I strongly potentiates neurite outgrowth and neuronal 
differentiation (increased expression of GAP43 and neuro- 
peptide tyrosine) of FA-treated SH-SY5Y cells cultured 
in serum-free medium. By use of blocking anti-IGF-I recep- 
tor antibodies we could show that the effect of IGF-I on 
differentiation, primarily was mediated via the IGF-I 
receptor. These data suggested a specific role for IGFs 
during neuronal develownt. However, when the study was 
extended to other growth factors recognizing tyrosine 
kinase receptors, similar results were obtained, i.e. the 
factors were mitogenic in non-treated cultures and poten- 
tiated, synergistically, FA-induced neuronal differentia- 
tion. Thus, once the SH-SY5Y cells have been triggered by 
PKC-activating phorbolesters, a number of growth factors 
can induce a cwnpiemntary signal resulting in the develop- 
wnt of a neuronal phenotype. 
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J414 A POSSIBLE ROLE FOR INTERLEUKIN-6 IN THE 
DIFFERENTIATION OF 3T3-LI PREAOIPOCYTES IN CULTURE. 

Christina Rondinone. Richard Nordan. Alan R. Kimmel. 
Constantine Londos, ' Andrew S.  Greenberg. LCDB, NIODK; 
Bethesda, MD 20892. 
Interleukin-6 ( IL-6)  i s  produced by a diverse group of 
cells and can e l i c i t  a variety of responses within 
different cell populations. We have shown t h a t  a murine 
fibroblast derived preadipocyte cell line, 3T3-L1, 
secretes IL-6, as measured by a hybridoma growth factor 
( H G F )  assay, during growth and at  confluence. However, 
when confluent 3T3-LI cells are induced t o  differentiate 
into adipocytes by addition of dexamethasone (Dex), the 
production of IL-6 fa l l s  t o  undetectable levels within 48 
hr. When tumor necrosis factor (TNF) i s  added 
simultaneously with Dex, the 3T3-LI cells did not 
differentiate and IL-6 production was not inhibited. To 
determine if IL-6 served as a negative effector of 
adipocyte differentiation in culture we treated confluent 
3T3-LI adipoblasts with Oex alone or with Dex plus IL-6. 
We found t h a t  addition of IL-6 completely blocked 
adipocyte differentiation (as monitored by triglyceride 
accumulation) in a dose dependent manner ( Isa  = -700 HGF 
U/ml). Data also suggest t h a t  the inhibitory effect of 
IL-6 i s  reversible; removal of IL-6 after two days 
induced the rapid differentiation into adipocytes. 
Cytological examination of IL-6 treated cultures 
suggested t h a t  populations of 3T3-Ll cells were able t o  
partially differentiate in the presence of Dex plus IL-6. 
We have obtained clonal isolates of 3T3-Ll adipoblasts 
which vary in their sensitivity t o  IL-6. The u t i l i ty  of 
these cell lines as well as the effects of exogenous IL-6 
on the molecular aspects of adipocyte differentiation 
will be presented. Finally, we will discuss the 
possibility t h a t  cessation of IL-6 production i s  
essential for the differentiation of adipoblasts in 
culture. 

J 416 IN VITRO AND IN V N O  EFFECTS OF MONOCLONAL 
ANTIBODIES SPECIFIC FOR THE 55 AND 75 kDa 

MURINE TNF RECEPTORS, Kathleen C. F. Sheehan', Beth L. 
Viviano*, Richard Webert, David V. Goeddel' and Robert D. 
Schreiber'. 'Washington University School of Mediane, St. 
Louis MO 63110 and %enentech, Inc., South San Francisco, CA 
94080. 

Two panels of monoclonal antibodies (mAb) speafic for 
either the 55- or 75kDa mubine TNF receptor were generated by 
immunizing Armenian hamsters with purified extracellular 
domains of either protein. Antibody producing cultures were 
identified by immunopreapitation assays that employed 
radiolabeled extracellular receptor domains. All mAb reacted 
only with the speafic form of the receptor used for 
immunization. In dtro analyses demonstrated that three mAb 
speafic for the 75 kDa receptor W5-32.4,45.30 and -54.7) 
inhibited TNF-dependent killing of L929 cells. These mAb 
showed no agonist activity in the L cell killing assay either 
when used alone or following crosslinking with anti-hamster 
Ig. However, the same TR75 mAbs displayed agonist activity 
when tested in the murine thymocyte proliferation assay. In 
contrast, several mAb speafic for the 55 kDa TNF receptor, 
(553-170.1, -176.11 and -329.1) not only blocked TNF-dependent 
L929 cell killing but, when subsequently crosslinked with anti- 
hamster Ig, displayed agonist activity in the absence of 
exogenous TNF. In addition, one mAb (55R-593.4) induced 
cytoodal activity in the absence of crrosslinking. The in nioo 
effects of these mAb were monitored using a model of 
endotoxin shock. C57BL/6 mice were pretreated with mAb or 
saline and then challenged 18 hr later with LPS (600 ng) and 
galactosamine (8 mg). The survival of the TR75-treated mice 
was indistinguishable from the saline controls (20%). In 
contrast, all of the 55R-heated animals survived. This data thus 
supports the concept that the two TNF receptors induce unique 
arrays of biologic responses and confhs that this f u c t i o ~ l  
division occurs in oiw as well as in oifro. 

J 415 Ca'+,-DEPENDENT EFFECTS OF INTERLEUKIN-1 ON 
ELECTRICAL PROPERTIES OF CARDIAC CELLS, 

George J. Rozanski, Craig L Hansen, Yun-Hua Li, Donald F. Cronin 
and Richard C. Wilt, Department of Physiology and Biophysics, 
University of Nebraska College of Medicine, Omaha, NE 68198 

The cellular electrophysiologic effects of human recombinant 
interleukin-10 (IL-1) were studied in excised tissues and isolated 
myocytes from guinea pig ventricles. First, transmembrane potentials 
were recorded from papillary muscles superfused vitro with 
Tyrode's solution and paced at 1 Hz  In 44 control tissues, 1 ng/ml I L  
1 shifted the plateau of the action potential to more positive 
potentials and significantly prolonged its duration measured at 50% 
of repolarization (APD,) by 24.2 2 2.2 msec (p c 0.001). IL-1 had 
no significant effect on resting membrane potential, action potential 
amplitude or maximum upstroke velocity. However, the same [IL-11 
exposed to Ca*+-loaded cells using 0.5 pM ouabain (n=8) or 25 pM 
Ca2+ ionophore (A23187 n=8), markedly suppressed the plateau and 
significantly shortened APD, by 33.1 z 8.7 msec (ouabain treated 
tissues; p c 0.01). As for control cells, other electrical parameters 
were unchanged by IL-1. To examine the transmembrane ionic mech- 
anisms underlying the response to ILl ,  ventricular myocytes were 
isolated from Langendorff-perfused hearts by collagenase treatment 
and studied using the whole-cell configuration of the patch clamp 
technique. Moreover, pipette solutions were formulated to dialyze the 
interior of cells with either a low (pCa 9) or high (pCa 7) free [Caz+]. 
Under voltage-clamp conditions designed to study the Ltype Ca2+ 
current (IG), IL-1 either increased or decreased I, amplitude 
depending upon pipette pCa. Specifically, 1 ng/ml IL1  increased I- 
amplitude by 38.3 f 10.4% (12.7 f 2 2  vs 16.1 5 20 pNpR p < 
0.01) in 9 of 22 cells dialyzed with pipette pCa 9. The remaining cells 
showed no change in I, with IL-1. In contrast, the same [ILl] 
reduced I, by 39.3 f 6.4% (16.6 f 2 5  vs 10.4 f 2.1 pNpF; p c 
0.001) in 8 of 11 cells dialyzed with pipette pCa 7. These data suggest 
therefore that IL-1 modulates I, and possibly other plateau currents 
in cardiac cells by intracellular mechanisms regulated by [Ca"],. 

5417 UODULATION BY GROSTE FACTORS OF 
DIFFERENTIATION TO TEE HEROPOITE IN 
T B E I L E U  m L A T a .  Brian  S h i e l s ,  SUO 

M c A e l l a r  and Jane Kinnaird.  Wellcome Uni t  o f  
Molecular Pa ras i to logy ,  G l a s g o w  Un ive r s i ty ,  U.K. 
The protozoan p a r a s i t e  meilerb is t h e  
cause  of t r o p i c a l  t h e i l e r i o s i s ,  an important 
d i s e a s e  of cattle. W e  are s tudy ing  t h e  
d i f f e r e n t i a t i o n  o f  t h e  i n t r a c e l l u l a r  macro- 
s ch izon t  s t a g e  of t h e  p a r a s i t e  t o  t h e  merozoite.  
The macroschizont induces t h e  h o s t  cell t o  
p r o l i f e r a t e  i n d e f i n i t e l y ,  and t h i s  i nvo lves  
cy tok ines  func t ion ing  v i a  an  a u t o c r i n e  loop. 
Under stable cond i t ions  of c u l t u r e  t h e  p a r a s i t e  
and h o s t  d i v i d e  i n  synchrony and the s i z e  of t h e  
macroschizont is maintained. W e  have developed 
an  system f o r  d i f f e r e n t i a t i o n  and have 
i s o l a t e d  c loned  macroschizont i n f e c t e d  cell 
l i n e s  which show e i t h e r  a diminished ( 4 0 8 )  o r  
an  enhanced d i f f e r e n t i a t i o n  phenotype (>609).  
During the  p re l imina ry  phase of d i f f e r e n t i a t i o n  
w e  have found t h a t  p a r a s i t e  growth becomes 
asynchronous wi th  t h e  h o s t  cell, r e s u l t i n g  i n  
inc reased  p a r a s i t e  s i z e .  W e  b e l i e v e  t h a t  t h i s  
s i z e  i n c r e a s e  is involved i n  t r i g g e r i n g  
d i f f e r e n t i a t i o n ,  and t h a t  the  l e v e l  of 
d i f f e r e n t i a t i o n  can be inf luenced  by t h e  
p r o l i f e r a t i o n  p o t e n t i a l  of t h e  h o s t  cell. I n  
order t o  test t h i s  hypothes is  t h e  amount of 
f o e t a l  calf serum supplementing the c u l t u r e  
medium w a s  altered and the l e v e l  of 
d i f f e r e n t i a t i o n  assessed fo l lowing  induct ion .  
The r e s u l t s  showed t h a t  d i f f e r e n t i a t i o n  
inc reased  wi th  reduced serum, and t h a t  t h i s  was 
a s s o c i a t e d  wi th  slower growth of t h e  c u l t u r e s .  
It seems l i k e l y  t h a t  modulation of 
d i f f e r e n t i a t i o n  w a s  due t o  a r educ t ion  i n  
p r o l i f e r a t i o n  caused by lower l e v e l s  of 
cy tokines .  It is possible, t h e r e f o r e ,  that  
d i f f e r e n c e s  i n  t h e  amplitude of a u t o c r i n e  
s t i m u l a t i o n  determine t h e  d i f f e r e n t i a t i o n  
phenotype of t h e  c loned  cell l i n e s .  
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R O L E  OF CYTOKINES IN THE PATHOGENESIS OF 

HSV-1 INDUCED CORNEAL INFLAMMATION, Robert L. 
Hendricks. Departments of Ophthalmology and Microbiology & 
Immunology. University of Illinois at Chicago, Chicago, IL 60612 
We and others have demonstrated a critical role for CD4 but not 
CD8 T lymphocytes in the corneal inflammation resulting from 
infection of A/J mouse corneas with the R E  strain of Herpes simplex 
virus type I (HSV-I). This study investigated the involvement of the 
cytokines interferon gamma (IFNq),  and interleukins 2 and 4 (IL-2 
and IL-4) in the inflammatory process. Mice were treated 
intraperitoneally with rat monoclonal antibodies capable of 
neutralizing these cytokines starting either I day before (day -I), or 6 
days after (day +6)  HSV-1 corneal infection, and continuing at  
weekly intervals for 30 days. Control mice were similarly treated with 
rat monoclonal anti-HLA-DR. T h e  severity of inflammation (degree 
of stromal opacity) was evaluated by slitlamp examination and scored 
on a scale of 0 (no disease) to 4 +  (perforated cornea). The  incidence 
of corneal inflammation was significantly reduced by treatment with 
anti-IFNq when begun at day -1 (p = .ooO2) or  day +6 (p  = 0.0063). 
and by treatment with anti-IL-2 when begun at  day -1 (p = 0.0519) o r  
day 1.6 ( p  = 0.02SS) as compared with control mice. T h e  severity of 
corneal inflammation (including only mice with disease) was also 
significantly reduced when treatment with anti-IFN? was begun on 
day -1 (p < 0.05) or  on day + 6  (p < .00l), and when treatment with 
anti-IL-2 was begun on day -1 (p<O.Ol) o r  o n  day + 6  (p<O.OOI). 
Treatment with anti-IL-4 did not significantly affect the incidence (p 
= 0.10) o r  severity (~'0.05) of corneal inflammation. Inflammatory 
cells were extracted with collagenase from infected corneas 11, 14, 
and 21 days aft r infec ion The  yield of cells from inflamed corneas 
ranged from Id t o  Id. most being neutrophils. IFNq-secreting cells 
were quantified using an ELISPOT assay. IFNq-secreting cells were 
undetectable a t  day 11, but were detected at  comparable levels a t  
days 14, and 21. Moreover, a significant correlation was observed 
between the yield of IFNq-secreting cells and the degree of 
inflammation in the cornea. Our  data suggest that R E  HSV-I 
induced corneal inflammation is mediated by a Thl-type C D 4  cell in 
our  mouse model. 

ISOLATION, EXPRESSION AND CHARACTERIZATION OF THE 
COWPOX VIRUS C2 GENE ENCODING A SOLUBLE FORM OFTHE 

TYPE 11 TNF RECEPTOR 
Craig A. Smith. Raymond G. Goodwin, Tcrri Davis. Fang-Qi Hu' and 
David J Pickup.. Departments of Biochemistry and Molecular 
Biology. lmmuncx Corporation. 51 University Strect. Seattle. 
Washington 98101: and 'Department of Microbiology and 
Immunology. Duke Univcrsity Medical Center. Durham. NC 27710 

l-2 ORFs lrom the Shopc Fibroma Virus (SFV) and thc Myxoma 
virus (MV). both L c p o r i p o r v i r u s  members. encode protcins of 
325 and 326 amino acids. rcspcciively. the N terminal 160 
rcsiducs of which sharc strong sequence similarity to the Type 
I I  TNF rcceptor (TNFRII. p80). Recombinant SFV T2. cxprcssed in 
mammalian cells, has been shown to be sccrctcd and to bind 
specifically both human TNF a and TNF p.  and is thercfore both 
structurally and functionally a soluble form o f  this rcceptor. 
The prcsumcd rolc for such a proicin IS a viral antagonist of 
host-produccd TNF. scrving to protcct the virus against thc host 
inflammatory rcsponsc. Thc Hind 111 C2 gcnc of cowpox virus 
(CPV). an o r r h o p o x v i r u s  capablc of  inhibiting the inflammatory 
rcsponses to infcchon. appcars to be thc cquivalcnt of thc SFV 
and MV T2 gcncs. Wc have characicrizcd this gcnc 10 assess its 
rolc in CPV anti-inflammatory activitics 

C2 encodcs 355 amino acids. including a 18 rcsidue Ieadcr 
scqucncc. followed by 160 amino acrds sharing strong homology 
with thc ligand binding domain of TNFRII. Whcrcas thc SFV and 
MV protcins i n  this rCgiOn are 80% idcntical. thc Cowpox protcin 
is -55% idcntical to cithcr L e p o r i p o x v i r u s  member. consisicnt 
with CPV bclonging to a diflcrcnt genus. All thrcc protcins also 
contain a C-tcrrninal domain (161 rcsiducs in C2) which shows no 
homology to thc cystcinc-rich Iigand-binding domain. but clear 
homology to cach other. All 26 cystcincs. (5 of  which are 
localizcd 10 thc C-tcrniinal clcmcnt) arc absolutely conserved. 
Thc rccombinant C2 protcin. cxpresscd in a Vaccinia vector. is 
secrclcd from virus-infcctcd cclls and spccifically binds TNF. 
The molecular wcight of C2. by SDS gcls, is -58 kD: comparison 
with the protcin hlW of C? (39 kD) argucs glycoslytion is present. 
C2 is cxprcsscd carly i n  viral infcction. Takcn togcthcr. thcsc 
daia S U ~ ~ C S ~  C2 Iikcly plays an important rolc In dampcning ihc 
host inllammatory rcsponscs to Cowpox infcction. 

SUPPRESSION OF HUMAN ADIPOCYTE 
DEVELOPMENT BY TNFa 

Th. Peuuschke, K. Rohrig, H. Hauner; Diabetes Research Institute, 
University of Dfisseldorf, D 4 W  Dusseldorf, Germany 

Recent studies demonstrate an inhibitory effect of tumor necrosis 
factor a (TNFa) on the expression of lipogenic enzymes in 
preadipocyte cell lines. 

Aim o f  our study was to investigate the effect of TNFa on the in 
v iuo  differentiation of human adipocyte precursor cells kept in 
primary culture under serum-free wndihons. 

Exposure to TNFa of cultured preadipocytes resulted in a dose- and 
time-dependent decrease of the number of developing fat cells and 
the activity of glycerol-3-phosphate dehydrogenase (GPDH), which 
serves as a marker enzyme of adipogenic conversion. A 24 h 
incubation with T N F a  at a concentration of 5 nM suppressed GPDH 
activity to  55% of controls. Continuous exposure of the cells to  
T N F a  completely blocked the expression of the adipogenic 
phenotype and GPDH. The inhibitory effect of  T N F a  was not 
associated with changes in cell number as  assessed by microscopical 
cell wunting. 

Addition of 5 nM TNFa for 24  h to newly developed fat cells also 
caused a reduction of GPDH activity by approximately SO%, but this 
effect was completely reversible. A longer exposure to  T N F a  of 
differentiated fat cells was followed by a marked delipidation of the 
cells and morphological changes leading to  the development of long 
spindle-shaped cytoplasmatic extensions. 

These results clearly showed that TNFa inhibits the differentiation 
of human adipocyte precursor cells and, in additton, promotes the 
delipidation of mature fat cells. It is suggested that T N F a  may play 
a role in the physiological control of human adipose tissue 
cellularity. 
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