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PROGRAMME 

MOLECULAR MECHANISMS OF MACROPHAGE ACTIVA TI ON 

MONDAY, June 21st, 1993 

J.R. David 

o. Gemsa 

R.M. Fauve 

J.A.M. 
Langermans 

Registration. 

1. Definition of Molecules that Induce 
Macrophaqe Activation. 
Chairperson: J.R. David. 

- The Biology of Recombinant Migration Inhibitory 
Factor (MIF). 

- Activation of Macrophages by Influenza A Virus 
Infection: Priming for Enhanced Cytokine Release 
and oeath by Apoptosis. 

- Immunostimulatory Human Urinary Protein. 

- Macrophage Activation, the cytokine Network and 
Enhanced Antimicrobial Activity. 

M.Rollinghoff- Interleukin 7 Induces Macrophages to Killing of 
Intracellular Parasites. 

M. Aguet 

A. Celada 

Communications: 

Regulation of Macrophage Activation by a New Th2 
Cytokine, IL-13. A.G. Doyle. 

Macrophag~ Activation of the Seawater Teleost 
Gilthead Seabream (Sparus Aurata L.) Induced in 
vitro by Con A and MAF-Containing Supernatant. 
J. Meseguer. 

2. Membrane Interaction (Receptors). 
Chairperson: M. Aguet. 

- Interferon Receptors As Probes Into the Interferon 
system. 

- Role of Interferon Gamma Internalization on 
Macrophage Activation. 
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TUESDAY, June 22nd, 1993 

D.O. Adams 

F. sánchez
Madrid 

A. Ding 

J. MauiH 

c. Nathan 

s. Gordon 

3. Second Siqnals and Early Genes. 
Chairperson: o.o. Adams. 

- Macrophage Activation in 1993: Externa! and 
Interna! signals, Transcription Factors, Genes, 
and Disease. 

- Molecular Structure and Functional Characteri
zation of the Early Act~vation Antigen AIM/CD69. 

- LPS Signalling: Taxol as a Tool. 

Communications: 

Mycobacterium Tuberculosis Lipoarabinomannan 
Induction of JE, Nitric Oxide synthase, and IL-10 
in Lsh/Ity/Bcq' and Lsh/Ity/Bcq' Macrophages from 
Congenie Mice. T.I.A. Roach. 

Monocyte Chemoattractant Protein-1 (MCP-1) 
Induction in the Lewis to Fisher Rat Cardiac 
Allograft Model of Transplant Arteriosclerosis. 
M.E. Russell. 

Crosslinking of CD14 on Monocytes Activates ~2 
Integrins. R. van Furth. 

How Do Leishmania Promastigotes Evade Killing 
Mechanism of Host Macrophages? L. carrera. 

4. Metabolic Pathways. 
Chairperson: J. Mauel. 

- Macrophage Activation: Some Lessons From the 
Leishmania Model. 

- Antiviral and Pro-Inflammatory Activities of 
Inducible Nitric oxide synthase: Potential 
Explanations for Widespread Inducibility of an 
Autotoxic Enzyme. 

- Differentiation and Modulation of Macrophages 
in vitro and in vivo. 

Communications: 

Investigations into tbe Modulation of Macropbage 
Phagolysosomes by Mycobacteria. s. sturgill
Koszycki. 

Identification and Expression of Two Forms of the 
Human surface Antigen Endoglin witb Distinct 
cytoplasmic Regions. c. Bernabeu. 
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Activation of Peritoneal Macrophaqes Durinq the 
Prediabetic Phase in Low-Dose Streptozotocin
Treated Mice. F.J. Bedoya. 

The Role of the Transcription Factor PU.l in 
Macrophaqe-Specific Expression of the c-fms Proto
oncoqene. D. Hume. 

Requlation of the Expression of Leukocyte 
Inteqrins. A.L. corbí. 

Glucocorticoids Prevent the Induction of Nitric 
oxide synthase in Rat Mesanqial Cells at the 
Transcriptional Level. s. Lamas. 

WEDNESDAY, June 23rd, 1993 

B. Mach 

s. Gene Expression and Transcription Factors. 
Chairperson: B. Mach. 

- Regulation of MHC Class II Gene Expression is 
Controlled by the Transactivator Gene CIITA, which 
is Mutated in the Bare Lymphocyte syndrome. 

c. Schindler - Tyrosine Kinases Mediate the Activation of 
specific Interferon stimulated siqnal Transduction 
Pathways. 

Q-w. Xie 

R. Maki 

c. Nathan 

A. celada 

A. Sber 

c. Boqdan 

- Prometer of the Mouse Gene for an Inducible 
Nitric oxide synthase: Inducibility by Bacteria! 
Lipopolysaccharide and Interferon-~. 

- Isolation and Characterization of the DNA Bindinq 
Proteins That Requlate the Expression of the MHC 
Class II Gene, I-AP. 

6. Inhibitors of Macrophaqe Activation. 
Chairperson: c. Nathan. 

- suppression of Inducible Nitric oxide Synthase 
by Transforminq Growth Factor-p. 

- Repression of Major Histocompatibility Complex 
IA Expression by Glucocorticoids. 

- Down-Requlatory and Up-Requlatory cytokine 
Activities in Parasitic Infection: Relation to 
Macrophaqe Effector Function. 

- Suppression of Macrophaqe cytokine Production 
and Expression of Inducible Nitric Oxide 
synthase by Interleukin 10, Interleukin 4 and 
Lipopolysaccharide. 
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The idea of organizing the Workshop on "Molecular mechanisms of 

macrophage activation" in Madrid was to cover two objectives: first, to 

make the point of the recent discoveries in the field of macrophage 

activation. In this regard it is the first time that scientists working only on 

molecular biology were included in a meeting related to macrophage 

activation. The second objective was to meet, also for the first time, other 

Spanish collegues working in this field. Two people should take the major 

credit for the organization of this meeting. Andres Gonzalez: as usual he 

provided efficient management, which made my task easy and pleasant. 

The second person is the co-organizer, Carl F. Nathan, who helped me in 

contacting a selected list of brillant and active investigators in the field of 

macrophages. With his prestige, Carl supported this meeting, which, due to 

the small size and the good facilities of the Juan March Foundation, made 

for an easy interaction between participants . 1 am particularly grateful for 

the kindness of Carl F . Nathan, who was already involved in the 

organization of two other meetings for the present year in related fields. 

Without the effort of Andres and Carl this meeting would not have been 

possible. Finally , I should thank all the participants who spent some of 

their busy schedules coming to Madrid and making the successs of the 

meeting possible. 

1 would like to mention that Spanish research in the last 15 years has 

made a dramatic improvement. This is due, certainly, to the political and 

economical changes that have occured with the return of democracy to 

Spain . The increase in the budgets for research progranunes resulted in a 

large number of publications appearing in scientific journals, produced by 

Instituto Juan March (Madrid)
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groups working in Spain. Another important aspect of science is 

communication, and we are very glad that sorne prívate foundations such 

as Juan March decided to support with enthusiasm and organize these 

biology meetings that help the interactions between Spain and the rest of 

the Scientific community. One of the products of this effort is that many of 

the invited scientists to the workshop made their first visit to Spain, where 

they can learn through the presentations carried out during the meeting 

that, although Spanish science still needs to develop, puting our emphasis 

on the quality of the research, we are travelling in the good direction . 

The small number of participants allowed good interaction during the 

presentations , the coffee breaks and lunches . Many cooperati ve projects 

will start from this meeting, helping all of us to do, in a better way, one of 

the things that we enjoy: research. Also, for young participants, it was a 

unique opportunity to meet one of the best groups of scientists working in 

the field of macrophages. I am quite sure that in the near future sorne of 

these participants will apply for training as post-docs in sorne of the labs 

that made the presentations . 

Macrophages have an important role in the immune system. These cells 

use different mechanisms: a) directly, macrophages destroy bacteria, 

parasites, virus and tumor cells; b) indirectly, macrophages release severa! 

mediators (IL-1, TNP, etc) that can actívate other cells and e) as accessory 

cells, macrophages are able to process antigens and to present digested 

peptides to T-lymphocytes. In order to become activated and to be able to 

develop functional activity, macrophages need to interact with molecoles 

such as interferon gamma (IPN y), Interleukin 4 (IL4 ), Granulocyte-

Macrophage Colony Stimulating Factor (GM-CSF), etc. These factors induce 

more than 100 different genes in macrophages. Sorne of the receptors for 
Instituto Juan March (Madrid)
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the molecules that induce macrophage activation have been characterized. 

However, little is known about" the events that follow the interaction of the 

ligands with the receptors, and which induce the expression of the 

different genes. At present, the study of the regulation of eukaryotic gene 

expression has focused on both the sequences required for gene expression 

and the cellular factors that interact specifically with these controlling 

elements. These regions have been defined as cis-acting elements and a 

series of proteins that bind these regions (trans-factors) have been 

identified and cloned. However, the mechanisms and modifications induced 

during the process of activation that allow these factors to initiate the 

transcription of genes are at present unknown. The concept of macrophage 

activation was defined in the 1960's, although with recent developments in 

the areas of ceUular and molecular biology, this concept has had to be 

redefined 30 years later. 

Although sorne molecules have been well characterized as macrophage 

activators, the list of such molecules is still growing. The recent techniques 

developed in biochemistry, cellular and molecular biology ha ve allowed us 

to recognize, purify and clone new molecules that are able to induce, if not 

all, at least sorne of the functional aspects of macrophages. 

In the study of molecules that actívate macrophages, the next step is to 

define the interaction with the cells at the surface. Receptors are proteins 

in which, after the interaction with the ligands, an intracellular signa! is 

produced that initiates the functional activity. Moreover. receptors usually 

internalize the ligands upon which they become degraded and the receptor 

again free of ligand can come back to the cell surface. 

As a result of the ligand-receptor interaction a cascade of second signals 

is produced inside the cell. Sorne of these signals induce the expression in 
Instituto Juan March (Madrid)
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minutes of sorne genes (early genes) that ~re required for the subsequent 

transcription of other genes directly related with the functional activity of 

the rnacrophages . 

In a second step, after activation, sorne metabolic pathways are induced 

in macrophages. The products of these pathways are important elements in 

the defense against several microrganisms. However, under sorne 

conditions, these products could also be toxic for the macrophages. 

The last step for the effects of the molecules that actívate rnacrophages is 

the regulation of gene expression by transcription factors. In order to 

induce transcription. these factors , which are proteins, need to interact 

with the regulatory elements of the genes. In sorne cases, it has been 

shown that transcription factors required sorne rnodifications, such as 

phosphorylation to initiate gene expression. 

One of the ways to understand the rnechanisrn of macrophage activation 

is the use of inhibitors . Many of these inhibitors are molecules such as 

interleukins produced in the body during the immune response . In sorne 

instances, drugs have been shown to be potent inhibitors, and m sorne 

cases they can be used therapeutieally. 

Antonio Celada 

Instituto Juan March (Madrid)
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The Biology of Recombinant Migration Inhibitory Factor (MIF). 

j.R David, R Titus, C. Shoemaker, M. Soares, C. Sassatti, l. Bosch, C. and W. 
Weiser 

Migration inhibitory factor, identified by its ability to prevent the 
migration of macrophages out of capillary tubes, was the first lymphokine 
to be discovered. Using functional expression cloning in COS cells, a cDNA 
encoding a human MIF was isolated (1). Recombinant MIF is a 12.5 kD 
protein wita an amino acid sequence different from any previously 
described protein or cytokine. It has two potential glycosylation sites, 
three cysteines and lacks a conventional leader sequence. 

rMIF, when incubated with monocyte-derived macrophages, 
enhances or induces HLA-DR, IL-lb (2), IL-6, TNFa, and macrophage-to
macrophage adherence. It also induces nitric oxide synthase, nitric oxide 
( 3) and hydrogen peroxide. 

rMIF activates human and murine macrophages to kili Leishmania 

parasites ( 4 ), tumor cells, and to inhibit the growth of Mycobacterium 

avium (5). 

Sorne of these properties suggest that rMIF might be useful in 
enhancing the immune response and be of use in developing vaccines. 
Indeed, rMIF when given to mice with BSA or HIV gpl20 in incomplete 
Freund's (ICFA) adjuvant will elicit antigen-induced T cell proliferation 
similar to that elicited by complete Freund's adjuvant (2). Uposomes can 
be used instead of ICFA. rMIF also enhances antibody production. 

In further studies to understand the mechanism of MIF, we found 
that rMIF will cause the proliferation of mouse spleen cells. Flow 
cytometry shows that the blasts are CD4 and CD8 T cells and B cells. 
Proliferation by rMIF is markedly enhanced by IL-2, IL-4, and IL-6, but is 
not affected by IL-1, IL-5, IFNy, IFNa, and TNFa. 

In preliminary experiments to determine whether rMIF can be used 
in developing vaccines, mice injected with rMIF and the recombinant 
leishmanial antigen gp63 (from McMaster) develop much smaller lesions 
to a subsequent challenge with live L. major than controls. 

Instituto Juan March (Madrid)
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l. Weiser WY, Temple PA, Witek-Giannotti ]S, Remold HG, Clark SC, and 
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Activation of Macrophages by Influenza A Virus lnfection: Priming for Enhanced Cytokine 

Release and Death by Apoptosis 

Diethard Gemsa, Institute of Immunology, Philipps University, Marburg , Germany. 

Macrophages have been shown to be susceptible to influenza A virus, strain A/PR8. Although 

virus replication was rather restricted in macrophages, infection was accompanied by a marked 

TNF-cr mRNA accumulation, an only low TNF-cr protein release and subsequent cell death. 

TNF-cr production was dependen! on exposure to live virus, in contras! to IFN release that was 

also induced by UV-inactivated A/PR8 . Most strikingly, low and by itself rather inefficient 

amounts of LPS (l -10 ng/ml) were capable of strongly potentiating TNF-cr production from 

virus-infected macrophages. The potentiating effect of LPS was neither due to increased survival 

of macrophages nor to altered virus multiplication, enhanced TNF-cr gene transcription, or shifts 

in the kinetics of TNF-cr release. Thus , A/PR8 infection appeared to prime macrophages for high 

TNF-cr production in response to secondary, triggering signals such as LPS. We found that virus 

induced accumulation of TNF-cr mRNA was due to both transcriptional and post-transcriptional 

changes: an enhanced TNF-cr gene transcription and a markedly prolonged half-life of TNF-cr 

mRNA. A unique property of A/PR8-induced TNF-a gene transcription was the appearance of 

two types of mRNA, a typical 1.6 kb species which was also found after LPS stirnulation, and a 

novel high molecular weight (hmw) TNF-cr rnRNA of 2 .6 kb . Similar mRNA double-bands were 

also found with IL-1 and IL-6 gene transcripts. The hrnw TNF-a mRNA did not contain intron 

structures as tested by intron-specific, PCR-generated cDNA probes, thus excluding the possibi

lity that primary TNF-a gene transcripts in the nucleus were transported into the cytoplasm. A 

RACE analysis indicated that the hmw TNF-cr mRNA was generated by addition of sequences 

located within the untranslation 5'region of an otherwise correctly spliced TNF-cr gene transcript. 

A sequence analysis is present1y in progress and rnay give a first hint whether the virus-induced 

hmw TNF-cr mRNA codes for a biologically active product. Although influenza A virus infec

tions of susceptible target cells are usual! y accompanied by a ra¡Jid celllysis caused by membrane 

disruption of budding virus particles, macrophage killing was not due to cell necrosis but pro

ceeded by prograrnmed cell death, i.e. apoptosis. Apoptosis was documented by chromatin con

densation, formation of membrane-bound apoptotic bodies and typical DNA fragmentation (DNA 

ladder) into multimers of 180 bp. These data show that influenza A virus represents an ultimately 

fatal macrophage activating factor which primes for a high cytokine release in response to secon

dary signals but simultaneous1y induces a program 1eading to controlled cell death . 

References: 

l.Nain et al., J.Immunol., 145, 1921-1928, 1990. 

2.Gong et al. , J.Immunol., 147, 3507-3513, 1991. 

3.Bender et al., Immunobiology, 187, 357-371, 1993. 

4.Sprenger et al., J.Immunol., in revision . 

5.Peschke et al., Immunobio1ogy, 1993, in print. 
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IMMUNOSTIMULATORY HUMAN URINARY PROTEIN. 

Robert M. FAUVE, Elisabeth FONTAN, Hél€me SAKLANI & Brigitte HEVIN, Unité 

d'lmmunophysiologie cellulaire, lnstitut Pasteur, 25 rue du Dr. Roux, 75724 París 

Cedex 15, France. 

In earlier studies, we have shown that mice with talc-induced granuloma are 

more resistant against bacteria, parasites and malignant cells injected in a remate site . 

From the murine granuloma was extracted a 55 kDa protein pi:5 which was found to 

protect mice against a lethal inoculum of Listeria monocytoqenes and to actívate 

peritoneal cells against Lewis carcinoma cells. A polyclonal antibody prepared against 

this protein was shown to react with a human protein fraction isolated from the urine 

of healthy donors. From this fraction were isolated two glycoproteins : one of 43 kDa 

(HGP.43) and the other of 92 kDa (HGP.92). These two proteins once injected into 

mice fully protected them against a lethal inoculum of Listeria (250 pg/kg) and this 

protection was also found in scid mice. An increased bactericida! activity was found 

in resident macrophages and, with HGP.43 the increased resistance against Listeria 

was also found 8 hours after infection. 8oth proteins in nanomolar amount were able 

to actívate resident and inflammatory macrophages in vitro against Lewis carcinoma 

ce lis. These effects were abolished with a monoclonal antibody . Furthermore, in 

HGP.43 treated mice injected with Lewis cells, no effect was found on the growth of 

the primary tumor but a reduction of lung metastasis was observed. Following N

glycanase treatment of HGP.92, the activity either in the Listeria system or in v itro 

against carcinoma was lost. Since HGP.43 is obtained from pronase treated HGP.92, 

we therefore better characterize this protein. 

Fauve, R.M., E. Fontan & B. Hevin. in "Phagocytosis - past and future", M .L. 
Karnovsky & L. Bolis, eds., Academic Press, 1982, New York, pp. 295-322. 

Fontan, E., R.M. Fauve, B. Hevin & H. Jusforgues. Proc.Nati.Acad.Sci. USA, 1983, 
80, 6395-6398. 
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MACROPHAGE ACTIVATION, THE CYTOKINE NIITWORK AND ENHANCED 
ANTIMICROBIAL ACTIVITY 

Jan A.M. Langermans, Mlll'ii!lle E.B. van Vuren - van der Hulst, Peter H. Nibhering, R. van 
Furth 
Department of lnfec:tious Diseases. Unlversit)• Hospital Leiden. The Netherlaruls 

Macrophages are activated by a varlety of factors, such as cytokines and microorganisms or 
their components. One of the major cytolcines involved in macrophage activation ls lnterferon.....,. 
(IFN.....,.) (1). lncubation of murlne perltooeal macrophages with IFN.....,. in vitro results in the secretion 
of TNF that in an autocrine fashion stlmulates the cells to generate reactive nitrogen intermediates 
(RNI) (2). IL-1. which is al~o produced by IFN.....,.·a~tivated macrophage.~. is not involved in the 
generation of RNI by the.se cells (t ,2). 

The role of RNI in the mlcroblcldal activities of acti.vated macrophage.s is studied with the 
intracellular protozoa Toxopla.sma gondii. This protozoa proliferates in nonactivated macrophages 
while in activated rnacrophages, e.g. by JFN-'Y, this proliferation is inhibited. In vitro, two phases 
during macrophage a~tivatlon are dlstlnguished: the activation phase, i.e. the phase during the cells 
are incubated with cytokines, and the eff&.'tor phase, i.e. the phase during which the enhanced 
microhicidal activities are eff&.'tuated. lnduction of toxoplasrnastatic activlty corre! ates well with the 
generation of RNT by murine macrophages (3). Inhibition of the generation of TNF or RNI by 
macrophages during the activation pha.se abrogates the lnduction of toxuplasmastat!c activity by the 
macrophages, whereas only a slight eff&.'t on the toxoplasmastatic effect was found when TNF and 
RNI production were inhibited durlng the effector phase (2). The RNI-generating compound 
nitroprusside (NP) did nut affect the viability (lf T. gondii and did not inhibit the intracellular 
proliferation of T. gondii in nonactivated macrophage.s. In comblnation with a suboptimal 
concentration of IFN--y, NP activated the macrophages to inhibit lntracellular T. gondii proliferation. 
These data demonstrate that TNF and RNI are involved in the acquisltlon of the toxopla.smastatic 
activity of activated murine macrophages but lndicate that thcse compounds are not toxic effcctor 
molecules for T. gondii. 

Recently, we have fouod that NP increa.ses tyrosine protein kinase (TPK) and G-protein 
activity in murine perítoneal macrophages. Inhibitors of G proteins and ofTPK activity partly reduced 
the toxoplasmastatic activíty of actívated macrophages. Activation of soluble gu.anylatecyclase ís not 
involved in the RNI-dependent toxoplasmastatic acti\lity although NP al so induces a transient increase 
in the cGMP concentration in muríne macrophages. 

The deactívating cytokine transforming growth factor {3 (TGF·fJ) inhibited the generatlon of 
RNl and the toxoplasmastatic actlvlty of murine macrophage.s. TGF-tl also inhibited the production 
of eicosanoids by activated murine macrophages, which raised the questlon whether the.~e compounds 
are involvt!d in macrophage activation. Inhlbition of phospholipase A2 (PLA;>) activity abrogatt!d both 
RNI generation and toxoplasmastatic activity whereas inhibition of the cyclooxygenase and 
lípoxyg~;:nase pathways had no effect on these functions. These results indicate that arachidonic acid 
is an important intermediate in the RNI-generation and induction of toxoplasmastatic a~tivity of 
murine macrophage~ . 

Together, our results indicate that IFN.....,. activate.s murine macrophages via induction of TNF 
that, in an autocrine fashion, actlvates PLAz. Next, arachidonic acid stimulates the release ofRNI that 
then stimulates various bincbemical pathways wbich are involved in the enhanced antimicrCJbial 
activity of the cells. 
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INTERLEUKIN 7 INDUCES MACROPHAGES TO KILLINC OF INT~ACELLULAR PARASITES. 

M. Rollinghoff, Institute for Clinical Microbiology, University Erlangen, 

Germany. 

Rllcl?.nt work has shown that interleukin 7 (IL-7) is able to induce secretion 

of cytokines and tumoricidal activity by human monocytetl (1). Here data 

will be discussed indicating that treatment of murine macrophages infecced 

with Leishmani.-1 major with IL-7 reduces the percentage of infected cells 

in adose dependent manner. toa limited degree (45%) (2). Simultaneous 

treatment of macrophages wíth IL-7 and inferferon y resulted in an almost 

complQte elimi\tation of amastigotes. Product:ion of nitrí.c oxide was induced 

by IL-7. Addition of NMMA or anti TNFa reverted the leishmanicidal effects 

of ' IL-7. These data strongly suggest that IL-7, besides other functions, 

is important in mediating the host macrophages response to an intracellular 

parasitic infection, ~~rl complements the effects of factors such as IFNy, 

lL-4, TNFa and MIF (3, 4, S) 
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2) Gassner, A., M. Vieth, A. Wíll, K. SchrHppel, and M. RHllinghoff. 1993. 
Interleukin 7 enhances ~ntimicrobial activity against Lcishmani~ major 

in murine macroph~ges. I.nfect. Inunun. (in press). 

3) Murray, R. lv., 8.Y. Rubín, and C.D. Rothermel. 1983. 
Killing of intracellular Leishmania donovani by lymphokine stimuJ.ated 
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Regulation of macrophage activation by a new Th2 cytokine, IL-13 

Anthony G. Doyle and Siamon Gordon 
Sir William Dunn School of Pathology, South Parks Road, Oxford, OX1 3RE 

The classification of helper T lymphocytes into functional subsets 
based on their cytokine secretion profiles (1) is of conceptual importance to 
the field of M0 research because cells of the monocyte/M0 lineage feature 
prominently among effector cells under the influence of these secreted 
cytokines. Cells of the Th1 subset are characterized by their production of 
lymphotoxin, IL-2 and interferon-y, favouring cell-mediated immune events, 
with monocytes and M0 being attracted to sites of inflammation and 
activated for killing, notably by interferon-y. The typical Th2 pattern, which 
promotes humoral immunity, is expression of IL-4, IL-5, IL-6, IL-10 and the 
induced gene P600, encoding the protein now known as IL-13. The changes 
these Th2 cytokines induce on M0 and the way these cells subsequently 
contribute to effector functions are less well defined . In common with IL-4, 
IL-13 inhibits proinflammatory cytokine production by M0 (2) and appears to 
be a member of the family of IL-4-related lymphokines (3) based on its clase 
chromosomallinkage and coexpression with IL-4. We investigated the effects 
of murine rll-13 on growth, phenotype and activation on bone marrow and 
peritoneal M0 populations. Significant proliferation of bone marrow and 
peritoneal macrophage populations was observed when cultured with IL-13. 
Expression of M0 mannose receptor, a receptor important in the binding and 
ingestion of mannosylated compounds such as glycoproteins and sorne 
microorganisms, and suggested as a marker of 'alternative' activation (4), was 
enhanced on elicited peritoneal M0 by IL-13, as was expression of MHC class 
II antigen. Killing capacity, as reflected by production of nitric oxide and 
superoxide anion was neither increased nor decreased. These activities 
closely mimic those of IL-4, but mediation of the effects by IL-4 was 
discounted by the use of a neutralizing MAb. Thus, IL-13 resernbles IL-4 in 
its actions on M0 in providing a stimulus for both proliferation and 
differentiation, to the end of generating M0 committed toa non-inflammatory 
activation state distinct from classical activation induced by interferon-y, and 
from the general deactivation induced by IL-10 (5). 
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MACROPHAGE ACTIVATION OF THE SEAWATER TELEOST GILTHEAD 
SEABREAM (Sparus aurata L.) INDUCED IN VITRO BY CON A ANO MAF
CONTAININGSUPERNATANT 

J Meseguer, A López-Ruiz, MA Esteban, J Muñoz 
Department of Cell Biology. Faculty of Biology. University of Murcia. 

30100 Murcia. Spain. Fax number: (34) 68 835418 

It is well known that marnmalian respiratory burst activity can be 
increased by lymphokines such as y-interferon. The biochemical basis of this 
process is the activation of an enzyme that catalyzes the one-electron 
reduction of melecular oxygen to superoxide (O 2 -) at expense of NADPH 
(Babior 1984). This radical can be detected by its capacity to reduce nitroblue 
tetrazolium (Rajagopalan and Handler 1964; Beauchamp and Fridovich 1971). 

As in other vertebrates, fish phagocytes form a major defence against 
infection (MacArthur and Fletcher 1985; Olivier et al. 1986) however, yet little 
is known about the mechanims by which phagocytosed micro-organisms are 
killed in fish (Chung and Secombes 1988). There is no doubt that lower 
vertebrate phagocytes can undergo a respiratory burst (Plytycz and Bayne 
1987; Chung and Secombes 1988). At present, data on the presence of soluble 
factors which could actívate macrophages of seawater teleosts are not 
available. The aim of our work is the study of the ability of lectins or MAF 
(Macrophage Actívating Factor)-containing supernatans from leucocytes of the 
seawater teleost gilthead seabream (Sparus aurata L.) to actívate 
macrophages. 

Head-kidney leucocyte cultures were pulsed for three hours with 
different concetratíons of concanavalin A (Con A). After that, Con A was 
removed from the cultures by washing the cells with RPMI-1640 culture medium 
and the. stimulated leucocytes were cultured 24 or 48 hours to produce MAF
containing supernatants. The supernatants were stored at -20°C until use and 
the leucocytes were procesed for their electron microscopic study. Both Con A 
and supernatants were tested to preve their capacitíes of activatíng 
macrophages. The reduction of nitroblue tetrazolium was performed to measure 
the production of superoxide anion (Pick et al. 1981; Rook et al. 1985) and the 
optical density was determined in a multiscan spectrophotometer at 620nm. 

Our results indicate that Con A treated head-kidney macrophages 
appeared to have an irregular, dark cytoplasm with sorne pseudopodia, 
nevertheless the untreated control macrophages were more rounded showing a 
light cytoplasm. Furthermore, MAF-containing supernatants from Con A 
stimulated leucocyte cultures have the capacity of activating macrophage 
cultures by enhancing the O 2 • release by macrophages. The production of 
MAF-containing supernatants was generally optimal and significant when 
supernatants were obtained after 3 hours of stimulatíon with lOpg/ml Con A. 
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INTERFERON RECEPTORS AS PROBES INTO THE INTERFERON SYSTEM 

Michel Aguet 
lnstitute of Molecular Biology 1, University of Zürich, 8093 Zürich, Switzerland 

Two families of interferons (IFNs) can be distinguished: Type 1 IFNs (IFNs-a/~) 

are typically produced in the course of viral infections, type 11 IFN (IFN-y) is 

produced upon activation of NK and T cells. The induction of IFN genes is subjected to 

tight regulation, and recently, sorne of the mechanisms that mediate this control have 

been elucidated. Type 1 and type 11 IFNs exert their effects through binding to distinct 

cell surface receptors. One component of the type 1 IFN receptor was cloned and 

shown to mediate both binding of and biological responsiveness to sorne subtypes of 

IFN-a, but additional elements seem to be required for full sensitivity to other type 

1 IFNs 1 • 2. Likewise, the ligand-binding chain of the IFN-y receptor is not sufficient 

to mediate respÜnsiveness to IFN-y3-5. An additional species-specific cofactor 

which is essential for signaling is currently being characterized in our laboratory 

(S. Hemmi, R. Bl'>hni, & M. A., unpublished). Neither the type 1 nor the type 11 IFN 

receptors belong to any of the known receptor families. In the case of the type 1 IFN 

system, a signaling cascade from ear1y postreceptor events to transcriptional 

activation of IFN-responsive genes has been described. Sorne elements of this cascade 

appear also to be involved in IFN-y-mediated signaling. 

In addition to their antiviral activity IFNs exert a variety of additional effects 

including immunomodulatory functions and inhibition of cell growth. To explore the 

physiological roles of IFNs in vivo, we generated mice that lack either type 1 

(unpublished) or type 116 IFN receptors. These mice were viable, anatomically 

normal and fertile. While the impact of these mutations on acquired immunity was 

unexpectedly minor, the phenotype of mice lacking IFN receptors dramatically 

revealed the primordial role of both IFN systems in_innate immunity and starts to 

reveal their functional complementarity. 

1. Uzé, G., Lutfalla, G. & Gresser, l. Ce// 60, 225-234 (1990). 
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4. Gray, P.W., et al. Proc. NatJ. Acad. Sci. USA 86, 8497-8501 (1989). 
5. Hemmi, S., Mer1in, G. & Aguet, M. Proc. NatJ. Acad. Sci. USA 89, 2737-

2741 (1992). 
6. Huang, S., et al. Science 259, 1742-5 (1993). 
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Role of Interferon gamma internalization on 
macrophage activation 

Antonio Celada 

Department of Biochemistry and Physiology. School of Biology, University 
of Barcelona 

After binding, interferon gamma (IFNy) is intemalized and degraded at 
a constant rate . The constant uptake of IFNy by macrophages is due to 
the presence of an intracellular receptor pool (2/3 of the total receptor 
number) and to a mechanism of receptor recycling. 

The functional relevance of the receptor is validated by the 
demonstration that receptor occupancy correlated with functional 
activities. By comparing the relationship between receptor occupancy 
and biologic response induction , two activation mechanisms became 
apparent. lnduction of certain functions, such as H2 O 2 secretion or 
induction of Fe receptors, appeared to require only a single round of 
receptor occupancy . However, induction of more complex functions such 
as nonspecific tumoricidal activity appeared to require three to four 
rounds of receptor occupancy. U sing saturating amounts of IFNy , we 
found lhat between O and 30 min (time required by IFNy to be 

internalized) of treatment there is a direct correlation between the 
length of treatment and the level of 1-A expression. These results thu s 
support the concept that internalization and receptor recycling are 
essential in the induction of nonspecific tumoricidal activity by 
macrophages . 
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Macrophage Actlvation in 1993: Externa! and Interna! Signals, 
Transcrlption Factors, Genes, and Disease. 

D. O. Adams, J. G. Lewis, S. F. Thai, and S. P. Johnson 
Department of Pathology, Duke University Medlcal Center, Durham. NC 

We have previously reported that intarferon-y (IFN·y), acting via ligation of 

its specifio receptor and initiation of Na+/H+ ion !luxes, may induce transcription of 

class 11 MHC genes by enhancing the binding of a factor (NFY-1) te the Y-box in 

the prometer of these genes. To test this hypothesis critioally, we first examined in 

detall structural elements of the proximal prometer of the murine MHC class 11 Ab 

gene necessary for expression of the gene in maorophages. Each segment of the 

Ab prometer was specifically altered by site-directed mutagenesis; the mutant 
prometer was joined to the structural gene of human growth hormone (HGA); the 

resulting plasmid constructs were transfected into bone marrow-derlved murine 

macrophages; and the expression of HGA ANA assayed. The results clearly show 

that lnduction by IFNy requires four separate prometer elements: the W, X1, X2, 

and Y consensus sequences. Mutagenesis of the Y element demonstrated the 

only portien of that sequence necessary for gene expression is the inverted 

CCAAT box. 
We had previously identlfied a protein, initially called NFY-r, in macrophage 

nuclear extracts, which was induced by IFNy to bind to the Ab Y element (but not 
to any other Y element). The recognition site for this protein determinad by 

methylation interference is GAGGAA, which is adjacant to the lnverted CCAAT 

box. Thls site has previously been described as the recognition sequence for the 

transcription factor PU.1 (a product of the Spf-1 oncogene, present only in B 

lymphold cells and macrophages). Recombinant PU.1 produced in E. co/í binds 

the Ab Y element in the same manner as NFY-y. Polyolonal antibody to PU.1 

binds NFY·y, indicating that this protein is induced In the PU.1 transcription factor. 

Mutaganesis of the PU.1 site in the Ab prometer did not, however, affect gene 

expression, indicating this transcriptlon factor does not play a role in the response 

of the gene to IFNy in macrophages. 
To determine if PU.1 ls active at all in murlne·tissue macrophages, we 

introduced the PU.1 recognition site lnto a construct containing the TK prometer 

upstream of the transcribed region of the HGA gene. When this plasmid was 

transfected into macrophages, the level of exprassion was increased In response 

to LPS but not te IFNy. We are currently investigating the molecular mechanism(s) 

of this induction. 
The regulation of class 11 MHC genes as well as others in macrophages, 

su eh as those encoding nitric oxide synthetase, the recognition molecule 87, 
TNFa, MCP-1 and IL-1, is importan! to a wide varlety of diseases. We have 

recently begun considering the role of macrophages and such gene regulation in 

atherogenesls. The curren! state of this field indicates that oxldatively alterad low

density lipoproteins (LDL), formation of which can be prometed by smoking and by 

high-lipid diets, interact with mononuclear phagocytes to cause their adherence to 

the arterial endothelium, their accumulation and thelr development into foamy 

macrophages, whlch eventually evolve into fatty streaks and then into destruotive 
atherosclerotic plaques. Persons with high levels of hostility are at hlgher risk for 
developing atherogenesis and also secrete high levels of catecholamines. 
Experimental animals given high-lipid diets .!illQ. catecholamines develop 

macrophage-rich fatty plaques faster than animals given high-lipid diets only. 

Previous data from our laboratory have shown that acetylated/maleylated proteins, 
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clearing via scavenger receptors, induce an inflammatory phenotype in 
macrophages, characterized by activation for cytolysis ot tumor cells, suppression 
of class 11 MHC genes, and express\on of a nurnber cf pro-inflammatory genes 
such as TNFcx and IL-1. To explain t1ow high-lipici diets and stress may potentiate 
atherogenesis, we hypothesized that oxidized-LDL induces a macrophage 
phenotype which is the dlrect obverse of the above phenotype and whose 
formation is potentiated by catecholaminss. 

To begin testing this hypothesls critically, we manipulated murine 
mononuclear phagocytes ~. Oxldized-LDL suppress actlvation for cytolysis, 
release of reactive nitrogen intermsdiates, and expression of seleoted 
inflammatory genes such as MCP·1 and TNFcx. These effects, for the most part, 
are mimicked by catscholamines or PGE2 {both of which elevate intracellular 
levels of cAMP) or by dibutyryl cyclic AMP. Taken together, the data suggest that 
several behavioral paHerns 9Uch as high-lipid dlet, smoking and stress (acting via 
oxidized·LDL and catecholamlnss) induce a macrophage phenotyps that would 
llkely potentiate atherogenesis. This hypothesls is now being critically examined 
In humans and animals . lnterestingly, this phenotype might promete the 
development of neoplasms and autoimmune diseases as well. 

The work reportad here was supported in part by USPHS Grants CA29589 and 
ES02922. 
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Molecular structure and functjonal cbaracterizatjon of tbe early actjyatjon antigen AlM/CD69 

Francisco Sáncbez-Madrid. Servicio de Inmunología. Hospital de la Princesa. Universidad 
Autónoma de Madrid. Spain. 

The genes that are induced during the early phase of cell activation are also known as 
immediate-early genes. To this group belongs severa] protooncogenes such as e-fas, c-jun or c
myc, and genes encoding molecules involved in signalling events including triggering molecules, 
growth factors, and sorne cytokine receptors. 

The CD69 molecule, also designated as AIM, EA-1, Leu 23 or MLR-3 antigens, is a 
phosphorylated disulfide-Jinked 27{33 kDa homodimeric protein. This antigen seems lo be the 
earliest inducible cell surface glycoprotein and is synthesized de novo and expressed by 
Jymphocytes, NK cells and macrophage cell lines upon activation with a variety of stimuli. Other 
cell types including platelets and epidermal Langerhans cells also express the C069 molecule. 

The C069 glycoprotein functions as a signa] transmitting receptor in different cells. In T 
cells, the signals triggered by CD69 antibodies include rise of intracellular calcium concentration, 
expression of the IL-2, TNF-a and IFN-y, and cell proliferation . Fu.rthermore, the triggering of 
T cells through the CD69 activation pathway enhances the binding activity of transcription factor 
AP-1, which plays a key regulatory role in the initial steps of cell activation. Likewise, CD69 also 
acts as a triggering molecule on NK cells and platelets: C069 antibodies are capable lo induce 
target cell Iysis by IL-2 activated NK cells, to trigger platelet aggregation, ea2

• influx and 
hydrolysis of arachidonic acid. 

We have isolated the cONA coding for C069 by a polymerase chain reaction (PCR)-based 
strategy using oligonucleotides deduced from peptide sequences of the purified protein. The isolated 
cONA exhibited a single open reading frame (ORF) of 597 bp coding for CD69, and predicted an 
199 amino acid protein of type 11 membrane topology, with extracellular (COOH-terminal), 
transmembrane and intracellulár domains. The CD69 clone hybridized to a l. 7 kb mRNA species, 
which was rapidly induced and degraded after Jymphocyte stimulation, consisten! with the presence 
of rapid degradation signals at the 3'-untranslated region. Transient expression of the polypeptide 
encoded by CD69 cONA in COS-7 cells, demonstrated that it presented properties comparable to 
native C069 protein. The C069 gene was regionally mapped lo chromosome 12 p13-p12 by both 
somatic cell hybrid ONA analysis and fluorescence in situ hybridization coupled with GTG-banding 
(G-bands by tripsin using Giemsa). Protein sequence homology search revealed that C069 is a new 
member of the ea2

• -dependen! (C-type) lectin superfamily of type 11 transmembrane receptors, 
that includes the human NKG2, the rat NKR-P1 families of NK cell-specific genes. C069 also has 
structural homology with other type 11 lectin cell surface receptors as the T cell antigen Ly49, the 
low avidity IgE .receptor (C023) and the hepatic asialoglycoprotein receptors. The C069 protein 
also shares functional characteristics with most . members of this superfamily that act as 
transmembrane signalling receptors in early phases of leukocyte activation. 
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LPS Signaling: Taxol as a Tool 
Aihao Ding 

Lipopolysarccharide (LPS) exerts its profound effects on the host mainly by 
inducing numerous bioactive secretory products from macrophages. Despite the 
recent progresa in identifying cell surface targets for LPS, it is clear that additional 
cellular component(s) exist that mediate transduction ofLPS signal within the cell 
(1). While analyzing the regulation ofTNFa receptora in macrophages, we 
discovered that taxol, a microtubule (MT) -binding diterpene, mhnics the ability of 

LPS to induce TNFa release and down-regulate TNF receptor in a Lps gene
associated manner (2). Taxol aleo induces transcription of several LPS-inducible 
genes (3). That microtubules and their associated proteins (MAPs) might play a role 
in LPS signaling was supported by the fact that LPS bound specifically to ~-tubulin 
in a cell-free system (4). 

Recently we found that taxol, like LPS, rapidly induces (within 1 min) 
tyrosine phosphorylation ofMAP-2 kinase (MAPK) and activates its kinase activity 
(5). Macrophages from C3HIHeJ mice, which carry a defective Lps gene, fail to 
actívate MAPK in response to taxol or LPS, although they actívate MAPK in 
response to insulin or interferon-y. Tyrosine kinase inhibitors block MAPK 

activation as well as the ability oftaxol and LPS to induce transcription ofTNFo:. 
These results suggest that a tyrosine kinase cascada participa tes in LPS 
signaling.The product ofthe Lps gene may be an "uptream activator" ofMAPK. 

l. Raetz, C.R.H., R. J. Ulevitch, S.D.Wright, C.H. Sibley, A. Ding, and C.F. Nathan. 
(1991) Gram-negative endotoxin: an extraordinary lipid with profound effects on 
eukaryotic signal transduction. FASEB J. 5:2652 

2. Ding, A., F. Porteu, E. Sanchez, and C. F. Nathan. (1990) Shared actions of 
endotoxin and taxol on TNF receptors and TNF release. Science 248:370 

3. Bogdan, C. andA. Ding. (1992) Taxol, a microtubule stabilizing antineoplastic 
. agent, induces expression oftumor necrosis factor a and interleukin 1 in 
macrophages. J. Leukocyte Biol. 52:119 

4. Ding, A., E. Sanchez, M. Tancinco, C. F. Nathan. (1992) Interactions ofbacwrial 
lipopolysaccharide with microtubule proteína. J. Immunol. 148:2853 

5. Ding, A. and C. F. Nathan. (1993) Taxol shares the ability ofbacterial 
lipopolysaccharide to induce tyrosine phosphorylation ofMAP kinases. Clin. Res. 
41:133A 
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Mycobdeterlum h~Ñrcwofis Upoarablnomannan lnductlon of JE, nitrlc oxide synthase, 
and IL-10 in Lslúlty/Bcj and Lrlúlty/Bct maaophages trom congenie mkle. 

Tamara l. A. Roach, Delphi Otattcrjce• and Jenefer M. Blackwell. 

Department of Medicine, University of Cambridge Clinical School, leve! S, Addenbrooke 's 
Hospital, Hills road, Cambridge CB2 2QQ, UK. 

Department of Microbiology, Colorado State University, Fon Collins, CO 80523, USA. 

Mycobactulum tubtrcu/os/1 llpoarabinomannan (LAM) is a ms,jor ceU-wall associated 
glycollpid, it is highly immunogenic and may be released by mycobacteria in copious 
quantities (1). Previous work identified structural diffcrences in LAMs from the attenuated 
H37Ra strain compared with !he virulent Erdman strain, arabinan motifs dominate !he non
reducing end of H37Ra Ara-LAM, but these are extensively capped with mannosyl residues 
in Erdrmm Man-LAM (2). These structural differences affect LAM stimulation oí 
ma.orophnge TNl' a oeoretion (3), nnd more ~oently !he nttenunted H37Rll/ua LAM, but not 
virulent Erdman Man-LAM was shown to stimulate expression of !he macrophage early genes 
c-fos, KC, JE :.nd TNF-a (4). Macrophage activation, in terms of induction of early (IE) and 
late (nitric oxide synthase, and IL-10) gene expression in response to LAM stimulation has 
now been examined. Man-LAM from Erdman, anda second virulent strain, H37Rv, were 
compared with H37Ra Ara-LAM, for their effectiveness in activation of macrophages from 
mice carrying resistant and susceptible alleles of !he innate macrophage resistance gene 
L.shl/ry/Bcg. The results indicate that relatively low dose (up to 2.S¡.lg) of H37Rv or Erdman 
Man-LAM, failed to stimulate either m, NOS or IL-10 expression in either Lshllry/Bc( or 
L.sh/Ity/Bcg' macrophages. In COtltrut, H37Ra Ara-LAM was able to induce JE, NOS and IL-
10 expression in macrophages from both stains of mice, albeit Ara-LAM was not as potent 
a stimulus u Salmonella typhimurium LPS. The implications of these observations will be 
discussed. 

l. Hunter, S. W .. R Gaylord, and P. J. Brennan. 1986. Structure and antigenicity of !he 
phosphorylated liposaccharide antígena from !he leprosy and tubercle bacilli. J. Biol. Chem. 
261:12345. 

2. Chatterjee, D., K. Lowell, B. Rivoire, M. R. McNeil, and P. J. Brennan. 
Lipoarabinomannan of Mycobacterium tubtrculosis, capping wlth mannosyl residues in sorne 
strains. J. Blol. Chem. 267:6234. 

3. Chattcrjee, D., A. D. Roberts, K. Lowell, P.J. Brennan, and J. M. Orme. 1992. 
Structural basis of the capacity of lipoarabinomannan to induce secretion of tumour necrosis 
factor. Infect Immun. 60:1249. 

4. Roach, T. l. A., C. H. Barton, D. Chatterjoe, and J. M. Blackwell. 1993. Macrophage 
activation: lipoarabinomannan from avirulent and virulent sttains of Mycobacterium 
tuberculosis differentially induces the early genes c-fos, KC, JE and TNF-a. J. lnunUIIOI. 
150:1886. Instituto Juan March (Madrid)
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Monocyte Chemoattractant Protein-1 (MCP-1) lnduction in the 
Lewis to Flsher Rat Cardlac Allograft Model of 'lransplant 
Arteriosclerosis 

Mary E. Russell, Yukari Yamashita, Africa F. Wallace, Lauri R. Wyner, Nancy J. 
Halnon, David H. Adams, Morris J. Karnovsky, Harvard School of Public Hcalth 
and Harvard Mcdical School, Boston, MA 

Monocyte chcmoattractant protein-1 is an immediate early gene encoding a 
chemotaxis factor specific for monocytes. It has been implicated in 
athcrosclerosis by vlrture of it's identification in discased vessds. To 
determine whether MCP-1 plays a role in chronic cardiac rcjeclion, we studicd 
timc-dependent MCP-1 gene and protein expresslon in a heterotoplc (Lewis to 
Fisher) rat transplantatlon model that allows .. chronic graft survival with 
staged development of arteriosclcrotlc lesions which mimlc those scen in 
human tranplant vessels. Using a reverse·transcription polyn1crase chain 
reaccion (PCR) analysis with. 32P-dCTP, wc observed significant increases (8-12 
fold) in MCP-1 gene transcrlpt lcvels in rat cardiac allografts compared with 
paircd host hearts (histologically normal but exposed to same circulation), 
syngrafts (Lewis to Lewis), and day-0 hearts (harvested but not transplanted) 
(p<O.OOl). Induction was early (day 7) and persistent (days 7, 14, 28, and 60) 
consistent with chronic or ongoing immune stimulation. 'fhe gene induction 
was specific to alloger1eic tissue and localized to allografted tissue, in that, 
there was no inductlon in host hearts or spleens. Using immunostaining with 
antl-JE antibody, MCP-1 protcin localized to n1ononudear cells (found mostly 
in the interstitium but also in the vascular adventitia, lumcn and neoíntlrna). 
90% of MCP-1-positlve cells double-stained wlth anti-macrophage antibody 
(ED-l ). There were corrclate significant incrcases in both MCP-1- und F.D-1-
positive ceUs (5-7% and 25-3496) in allografts compared wlth day-0 hearts. The 
early and persistent exprcsslon of MCP-1 in this subset of "activated" 
monocytes in allografts suggests that thls tnducible mediator may contribute 
to monocyte accumulation after cardiac transplantation by recruiting 
addltlonal monocytes in a positive feedback mechanism. 

Refercnces 
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CROSSLINKING OF CD14 ON MONOCYTES ACTIVA TES !)2 INTEGRINS 
Ralph van Furth, MD, PhD, and He11ry Beekhuizen, PhD 

Department of lnfectious Diseases, Universily Hospital, PO Box 9600, 2300 RC Leiden, 
The Netherlands 

Binding of human monocytes onto nonactivated endothelial ce lis (EC) involves ~2 - integrins 

on the forn1er cells a.nd lCAM-1 molecules on thc latter. When EC are activated by various 

kinds of cytokine (e.g. IL-lo., TNF-o:, IFN-y) the adherence of monocytes to these cells is 

increased. This increased binding is inhibited by monoclonal antibodies (mAb) against CD14 

on monocytes. CD 14 is the receptor for bacreriallipapolysaccharide (LPS) and/or LPS-LPS 

binding prorein (LPS-LBP). Crosslinking of CD 14 on monocytes with anti-CD14 mAb and 

F(ab')z-goat antimouse immuneglobulin resulted in adhcsion of these monocytes to EC and in 

a transiem i..ncrease of l ca++li. The adhesion of monocytes with crosslinked CD14 to 

activated EC is inhibite.d by staurosporine, an inhibitor of protein kinase activity, and by ami

P2-integrin mAb and anti-ICAM-1 mAb. These results have led ro the following condusion: 

at the initial phase of contacr between monocytes and cytokine-activated EC CD14 molecules 

on monocytes interact whh an unknown counterstructure on EC. Most likely this 

counterstructure is a lcctin-like molecule since this bindíng is inhibited by the lectin weat 

germ agglutinin. The eontact between monocytes and acrivated EC induces a ~ascade of 

inrracellular signals in the monocytes which result~ in an increased avidity of their 02-

integrin moleculcs for ICAM-1 on EC. Next transendothelial migration will occur, which is 

supported by in vivo studies with anti-~2-integrin and anti-ICAM-1 mAb. 
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HOW DO LEISHMANIA PROMASTIGOTES EVADE KILLING MECHANISM OF 

HOST MACROPHAGES'? 

Carrera, L. & Sacks, D.L. 
Laboratory of Parasitic Diseases, N!A!D, N!H 
Bethesda, MD 20892 

Leishmania parasites are protozoa with a digenetic lite cycle , 
including an extracellular flagellated promastigote in the midgut of the 
sandfly vector, and an obligate intracellular aflagel!ate amastigote in the 
macrophages of the vertebrate host. As an intracellular parasite of 
macrophages, this protozoa has been used frequently as a model to study 
Me/pathogen interactions. Promastigotes differentiate in the sandfly 
midgut from non infective (procyclic) to infective forms (metacyclic) . 
Using procyclic and metacyclic promastigotes obtained from axenic 
culture, we are exploring in vitro the mechanisms whereby macrophages 
are activated to kili procyclic promastigotes but not metacyclics. The 
work has examined oxygen-dependent killing mechanisms by correlating 
parasite fate with their ability to trigger the respiratory burst; and non 
oxygen-dependent mechanisms (cytokine production and L-arg in ine 
pathway) by a quantitative RT-PCR. Procyclic promastigotes triggered a 
very strong burst, as measured by NBT reduction, whereas a high 
proportion ot metacyclic promastigotes triggered no burst at al!. In 
contrast to their effects on oxidative metabolic pathways , procyclic and 
metacyclic promastigotes of L. majar induced very low levels of NO 
synthase and cytokine gene expression (ll-1o; , IL-10. IL-6, TNFa, IL-10, 
IL-12, GM-CSF) by resident, thioglycolate elicited or bone marrow 
macrophages up to 4 hours infection. Of those cytokines for which 
transcripts could be detected, only IL-1 o; and IL-12 seemed to be more 
efficiently induced by procyclics. 
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Macrophage activation : sorne lessons from the Leishmania model. 

Jacques Mauel, Yolande Buchmüller-Rouiller, and Sally Betz Corradin 
Institute of Biochemistry, 1066 Epalinges, Switzerland 

l. Murine macrophages activated in vitro by lymphokines plus a phagocytic 
stimulus acquire the capadty to synthesize reactive oxygen (ROl) and nitrogen 
(RNI) intermediates. Both types of compounds are toxic for Leishmania 
parasites. Toxicity of ROI is restricted however to the earlier phase of the 
macrophage-parasite encounter since, once the micoorganisms have reached 
their intracel-lular niche, stimulation of macrophage ROI production fails to kili 
them (1). Moreover, Leishmania is capable of inhibiting generation of ROl (2) . 

Killing of the intracellular microorganisms then requires synthesis of RNI (3, 4). 
Both reactive intermediates are therefore produced under different sets of 
circum-stances. Release of ROI is a rapid-onset event. Conversely, production of 
RNI increases steadily over the course of at least 48 h . Increased HMPS activity in 

RNI-producing cells can be accounted for almost entirely by the need to provide 
NADPH for NO synthesis . Since NADPH and oxygen are required for the 
generation of both ROl and RNI, the enzyme systems producing both interm
edia tes have to compete for these essential cofactors. Restriction of ROl 
production to the phagocytizing cell may provide a control mechanism whereby 
both pathways can be differently regulated. 

II. Macrophages exposed to IFN-yalone (1 - 10 U/ml) release little RNI. Synthesis 
of the latter compounds is induced upon phagocytosis of Leishmania parasites or 
other particles, and depends on the production of TNFa, which appears to 
function as a major physiological autocrine regulator of the activation process (5, 
6) . Macrophage activation by IFN-y plus Leishmania is enhanced by PGE2 (6); 
similarly, intracellular killing of Leishmania in macrophages exposed to IFN-y 
plus TNFa is stimulated by PGE2, concomitant with increased glucose oxidation 
through the HPMS pathway and nitrite production. Activation in the presence of 
arachidonate, a prostaglandin precursor, results in a similar enhancement of 
parasite killing and nitrite release. Conversely indomethacin, a cyclooxygenase 
inhibitor, reduces HMPS activity, nitrite release and parasite destruction; all 
these parameters are fully reversed however by addition of PGE2, strongly 
suggesting that decreased killing and associated metabolic parameters are related 
to inhibition of prostaglandin production in the indomethacin-treated cultures. 
Finally, dibutyryl-cAMP, as well as theophylline (which blocks cAMP degradation 
by phosphodies terase) and forskolin (an activator of adenylate cyclase) al! 
stimulate intracellular killing and nitrite production by the activated cells, 
consistent with the hypothesis that enhanced activation induced by PGE2 may be 
related to its capacity to increase intracellular cAMP levels . 

(1) ). Mauel & Y. Buchmüller-Rouiller, Eur. f. Immunol. JL 203 (1987) 
(2) Y. Buchmüllcr-Rouiller & ) . Maucl, lnfection and lmmunity 22, 587 (1987) 
(3) S.). Green, M.S. Mcltzer, ).B. Hibbs & C.A . Nacy, ]. lmmunol. 1.11., 278 (1990) 

(4) ). Mauel, A. Ransijn & Y. Buchmüller-Rouiller, ]. Leukoc. Biol. ~ 73 (1991) 

(5) S.) . Grcen, R.M. Crawford , ).T. Hockmeycr, M.S. Meltzcr, & C.A. Nacy, 

f. lmmunol . .!1§, 4290 (1991) 
(6) S. Bctz Corradin, Y. Buchmüller-Rouiller & J. Mauel, Eur. f. lmmuno/ . IL 2553 (1'191) 
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Antiviral and Pro-Inftanunatory Actlvitles oflndudble Nltrlc Oxide ~thase: PoteotlaJ 
Explanations for Widespread lnducibility of an Autotoxic Enzyme 

CarlNathan 

It is a mystery why evolution has conferred on so many types of ceUs the capacity to 
respond to ltnmune or inflanunatory signals with the induction of an isofonn ofNO synthase 
that. once translated, can function for days to generate large amounts of a potenlially toxic 
radical (1). We reasoned that NO may defend against a class of pathogcns by which many ceU 
types can be infectcd, ~ may be a toxin against which it is difficult for pathogcns to evolve to a 
resistant state. Consistent with this \'iew, Karupiah et al. (2) demonstratcid that iNOS can inhibit 
ectromelia. herpes simplex and vaccinia virus replication. Indeed, induction of iN OS appears to 
be both n~ and sufficient to account for the antiviral action ofinterferon-yin the systems 
studied (2). Antiviral effects of NO were demonstrable in vitro and in vivo (2). 

H high-output NO produclion is so beneficial, why did evolution arrange matters so that 
the host must depend on its induction? In other words, why is the calcium-ind~ndent fonn of 
NO synthase not constitutive? The answer preswnably has to do with its potential for 
autotoxicity. This was demonstrated in vivo by McCartney-Francis et al. (3). NO synthase was 
induced in rat synoviallissue by a single intraperitoneal injection of streptococcal cell wall 
fragments. The development of chronic erosive arthritis was blocked by adminstration of an NO 
synthase inhibitor. Thus, blockade of NO production can prevent lissue destruction in chronic 
inflammation. 

l. Nathan, C. Nitric oxide as a secretory product of mammalian cells. f'ASBB 1. 6:30S 1-3064, 
1992 

2. Karupiah, G., R. M L. Buller, Q.-w. Xie, C. Duarte, C. Nathan, and 1. MacMick:ing. 
Inhibition of viral replication by interferon-y-induced nitric oxide synthase. Submitted. 

3. McCartney-Francis, N., J. B. Allen, D. E. Mizel,J. E. Albina, Q.·w. Xie, C. F. Nathan and 
S. M. Wahl. Suppression of arthrilis by an inhibitor of ni trie oxide synthase. 1. Bxp Med. 
In press, 1993 
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Differentiation and modulation of macrophages in vitro and in vivo 

Siamon Gordon 
Sir William Dunn School of Pathology 

University of Oxford 

Heterogeneity of macrophages in tissues reflects their differentiation and modulation 
by inflammatory and endocytic stimuli and cellular interactions in their local 
microenvironment. Their resultant properties reflect diverse homeostatic functions 
in tissue growth, repair and modell ing as well as host defence against intra- and 
extracellular microorganisms . We utilise a range of membrane molecules which 
serve as antigenic markers to localise macrophages in different murine tissues (1), 
and have analysed their modulation in various cell culture systems. Examples to be 
discussed include a novel cell adhesion function for the endocytic macrophage 

·scavenger receptor (2), the type 3 complement receptor (3), sialoadhesin, a 
haemopoietic cell interaction molecule (4) , macrosialin, a heavily glycosylated 
endosomal antigen(5), and the lectin-like mannosyl receptor (6) . Effects of cytokines 
on their expression include differential up- and downregulation by Thl and Th2 
lymphokines, and by M-CSF. Natural (7) and experimentally induced (8) cytokine 
deficiencies contribute to our analysis of macrophages within the host, in control and 
infected animals. The role of macrophages in HIV infection has been studied in a 
primary human cell culture model , that reveals interesting differences among 
cytokines in modulation of HIV entry and replication (9) . 
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Investigations into the Modulation of Macrophage Phagolysosomes by 
Mycobacteria 
Sheila Sturgill-Koszycki, David G. Russell 

The survival of the intramacrophage pathogen Mycobacterium depends on 
its ability to establish an inhabitable intracellular compartm.ent Formation of 
tlús vacuole is determined by the actions of both pathogen and macrophage. To 
assess the activity of the pathogen on modulating "normal" phagosome 
maturation, we have developed techniques fadlitating isolation of intact 
Mycobacterium- contain.ing vacuoles from infected macrophages. The 
macrophage proteins incorporated into these phagosomes are being analyzed by 
2D-PAGE and compared to the protein profiles in phagosomes formed around 
carboxylated polystyrene beads derivatized with defined Ugands. 

In addition, immunoEM analysis has been employed on both isolated 
vacuoles and macrophages during particle internalization to study the relative 
rates of fusion with intracellular markers, Le. LAMP's, M6PR, and lysosomal 
hydrolases. These results are compared to purified phagosome proteins 
analyzed by 20-PAGE and Western blotting. Both procedures demonstrated that 
the mycobacterial phagosome is positive for LAMP-1. In contrast, the 
mycobacterial vacuole is markedly lacking in the 56kDa and 31k0a components 
of the vacuolar proton pump which is responsible for endosomal acidification. 
These subunits are abundant in both the Leishmania and IgG-latex bead 
phagosomes. Replicas from the cytoplasmic face of the isolated vacuoles 
revealing the proton pump assemblies on the Leishmania vacuoles and the 
smooth membrane of the Mycobacterium vacuole supports this contention, and 
correlates with previous observations concerning the vacuole's restricted 
acidification. 

Finally, immunoEM with anti-LAM antibodies demonstrated that 
mycobacterial-derived material is actively trafficked out of the bacteria
containing compartment. This observation, coupled with the fact that the 
vacuole remains LAMP positive . throughout extended infection periods (14 
days), indica tes that the vacuole :inust be fusing with sorne vesicular components 
of the macrophage's endosomal network, despite the vacuole's known isolation 
from freshly formed endosomes. These results have significance both towards 
understanding the survival mechanisms of Mycobacterium spp. and the 
differentiation of the vesicular network responsible for phagosomal/lysosomal 
maturation in macrophages. 

1) Crowle, A., Dahl, R, Ross, E., and May, M. (1991) Evidence that vesicles containing living, 
virulent Mycobaderium tuberculosis or Mycobacterium avium in cultured human macrophages are 
not aódic. lnfrct Immun 59: 1823-1831. 
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lysosome fusion in macrophages by certain mycobacteria can be explained by inhlbition of 
lysosomal movements observed after phagocytosis. 1 Exp Med 166: 933-946. 
3) Russell, D.G., Xu, S., and Qlakraborty, P. (1992) Ini:racellular trafficking and the 

parasitophorous vacuole of Leishmania mexiCJlna infected macrophages. T Cell Sci 103: 1193-121 O. 
4) Wang, Z-Q., Gluck S. (1990) Isolation and properties ofbovine brush border vacuolar proto:t
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IOENTIFICATION ANO EXPRESSION OF TWO FORMS OF THE HUMAN SURFACE 
ANTIGEN ENOOGLIN WITH OISTINCT CYTOPLASMIC REGIONS 

Teresa Bellón*, Pedro Lastres*, Carmela Calés*, Angel Corbí** and Carmelo 
Bernabéu* 

*Centro de Investigaciones Biológicas, Consejo Superior de Investigaciones 
Científicas (CSIC) and **Unidad de Biología Molecular, Hospital de La Princesa 
28006 Madrid, Spain, 

Endoglin is an homodimeric membrane antigen (1) with capacity to bind 

transforming growth factor-13 (TGF-¡3) (2) and containing the tripeptide arginine-glycine

aspartic acid. Although endoglin is absent from peripheral blood monocytes, it is 

expressed by in vitre differentiated monocytes as determinad by fluorescence flow 

cytometry and Northern blot analyses (3). Furthermore, endoglin has been found to be 

present in human tissue macrophages-(3, 4). We have isolated full length cONA clones 

from a A.gt1 O library, prepared from PMA-differentiated HL60 cells by screening with an 

endoglin specific cONA probe from endothelial cells. Sequencing of the largest clone 

(3073 bp), revealed that the leader sequence contains 25 residues and that the 586 

amino acids of the extracellular and transmembrane domains were identical to those 

described for endothelial endoglin. However, the cytoplasmic tail encoded by this 

cONA clone contains only 14 aa as opposed to the 47 residues previously reported, 

suggesting the existence of two alternativa endoglin variants. The expression of these 

isoforms was demonstrated by PCR analyses on endothelial cells, myelomonocytic cell 

lines HL-60 and U-937, and placenta. lndependent cONA constructs corresponding to 

both forms were transfected into mouse fibroblasts leading to the expression of two 

distinct endoglin molecules. Both forms were shown, when overexpressed in 

transfected mouse fibroblasts, to form disulfide linked homodimers, indicating that the 

cystei ne residues present in the extracellular domain are responsible for the 

dimerization (5). 
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5. Bellón.T. , Corbí,A., Lastres, P., Calés, C., Cebrián, M., Vera, S., Cheifetz, S., 
Massagué,J. , Letarte, M. & Bernabeu, C. (1993) Eur. J. lmmunol. In press. 
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AC'l'IVATION O!' PERI'l'ONEAL MACROPHAGES DURING 'l'HI!: PRtDIABETIC PHASE 
IN LOW-DOSB S'l'REPTOZOTOCIN-'l'REA'l'ED HICE. 
Josefa Andrade, Manuel Conde, Francisco Sobrino and Francisco.J. 
Bedoya. 

Laboratorio de Bioqu1mica de sistemas Inrnunol6tJicos. Departamento 
de Bioquímica Médica y Biolo~!a Molecular. Universidad de 
Sevilla,Spain. 

Macrophages play a pivotal role in the immune attack against the 

pancreatic islets in the low-dose streptozotocin model of type 
I diabetes [1,2]. Recently, it has been been shown that islet 
-:Jell lysis indur.~" 1:'-y e , .Parvum-acti vated rnacropha~es is mediated 
by ·No since cell destruotion can be counteracted by NO synthase 
inhibitors [3]. However, evidence concernin~ the activation state 

of macrophages and the nature of the effector molecules that 

mediata islet destruction in experimental irnmune diabetes is 

lackinq. 
Glucosa metabolisrn and the production of o2• and N02" have been 
studied in peritoneal macrophages from mice injected with 5 
subdiabetogenic doses of streptozotocin. On day 12 after 
beginning of the treatment, peritoneal macrophages produced 
significantly higher arnounts of lactate than macrophages from 

control rnice. In addition, N02' release and phorbol ester-induced 

Oi production were significantly augmented in macrophagea from 

streptozotooin-treated mica. r-interferon induoed in a dose
dependent rnanner the activity of NO synthase only in macrophages 
from streptozotocin-treated mice. In conclusion, our data show 
for the first time that peritoneal maorophages frorn 
atreptozotooin-treated mice are activated and produce effector 

molecules such as o2• and ·NO which could participate in the 

destruction of pancreatio islets. The aotions of macrophages may 
be controlled by citokines such as IFN-r released by lymphocytes 

in the vicinity of the ~-cells in this modal of type I diabetes. 
(1] Like,A.A. and Rossini,A.A. (1976) Science 193,415-417. 
[2) Kolb-Bachofen,V., Epstein,s., Kiesel,V. and Kolb,H. (1988) 

Diabetes 37,21-27. 
(3) KrHncke,K-0., Rodr1guez,M-L., Kolb,H. and Kolb-Baschofen,V. 

(1993) Diabetologia 36,17-24. 
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THE ROLE OF THE TRANSCRIPTION FACTOR PU.l IN MACROPHAGE
SPECIFIC EXPRESSION OF THE C-FMS PROTO-ONCOGENE 

Xie Yue, Ian L. Ross, Timothy L. Dunn, Sandrine Roy, A. Ian Cassady and David A. Hume. 

Centrefor Molecular Biology and Biotechnology, University ofQueensland, Qld 4072 

The c-fms protooncogene encodes a member of the protein tyrosine kinase family of cell 
surface receptors, and binds the lineage-specific growth factor macrophage co1ony-stirnu1ating 
factor (CSF-1) (Sherr, 1990). Expression of full 1ength cjms mRNA is restricted to 
trophob1asts and various stages of differentiation in the monocuclear phagocyte cell1ineage. 
The frrst exon of the gene is transcribed on1y in trophob1asts, whereas exon 2, the frrst coding 
exon 25kb downstream, is flanked by a macrophage-specific site of transcription initiation 
(Roberts et al., 1991; Visvader & Yerma, 1989). We have iso1ated and sequenced the region 
surrounding exon 2 in the mouse c-fms gene. As in the human gene, transcription of the 
mouse c-fms in mouse macrophages was shown to occur from mu1tip1e start si tes by primer 
extension and by RNase protection ana1ysis. These analyses revea1ed the existence of short 
transcripts in a wide range of non-macrophage ce111ines, suggesting that regu1ation of gene 
expression occurs via transcription attenuation (Yue et al. 1993). Northern analysis with an 
exon 2 riboprobe revealed transcripts in non-macrophages of approximate1y the same size (ca. 
3.5kb) as full1ength c-fms. On this basis, the site of transcription attenuation occurs at the 
end of intron 2 or the beginning of exon 3. Consistent with this conclusion, a luciferase 
reponer gene construct containing 3.5kb of 5' flanking sequence was constitutive1y active in 
transient transfection in all celllines tested, whereas a construct in which the reporter gene was 
fused into the exon 3 generated macrophage-specific activity. 

A1though the promoter of c-fms is not functionally macrophage-specific, it does contain 
mu1tip1e binding sites for the macrophage and B cell restricted DNA binding protein PU. l 
(Klemsz et al., 1990), a member of the ets transcription factor fami1y. We ha ve examined the 
expression of PU .1 by e!ectrophoretic mobility shift analysis and present evidence that nuclear 
DNA binding activity of PU.l is a highly-specific macrophage marker, present at high levels in 
all primary macrophages and macrophage celllines, barely detectable in B cells and absent from 
T cells and non-haematopoietic cells. Co-transfection of a PU.l expression plasmid with c-fms 
promoter constructs in the MOPC31 C B cellline trans-activated reporter gene expression when 
the 5' flanking sequence alone was included, but did not overcome the block induced by 
inclusion of the attenuator region . By contrast, over-expression of PU .1 in the macrophage 
!in e RA W264 had no effect on the activity of the c-fms promoter, but trans -repressed when 
the attenuator region was included. We suggest that PU.1 binds to the c-fms promoter and 
influences transcription elongation by interacting with another macrophage-specific nuclear 
protein. One candidate is a macrophage-specific nuclear protein, identified by EMSA, that 
interacts with a conserved CCAAT-like sequence in the cjms promoter. 

Klemsz, M., S. McKercher, A. Celada, C. vanBeveren & R. Maki. 1990. Cel/61 : 113-124. 
Roberts, W., L. Shapiro, R. Ashmun & A. Look. 1992. Blood 79: 586-593. 
Sherr, C. 1990. Blood 75: 1-12. 
Visvader, J. & I.M. Yerma. 1989. Mol. Ce/l. Biol. 9: 1336-1341. 
Yue, X., P. Favot, T.L. Dunn, A.I. Cassady & D.A. Hume. 1993. Mol. Ce/l. Biol.In press 
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REGULATION OF THE EXPRESSION OF LEUKOCYTE INTEGRINS. 
Angel l. Corbl. Unidad de Biologla Molecular. Hospital de la Princesa. MADRID. 

The integrins LFA 1, Mac-1 and p150,95 are formed by the non-covalent association of a common B subunit (B2, 
CD181 to three distinct but related a subunits, al (CD11 al, aM (CD11 bl. and aX (CD11 e). The B2 integrins are 
exclusively expressed on leukocytes and mediate leukocyte adhesive interactions required for the proper induction and 
regulation of immune and inflammatory processes. lntegrin expression is regulated during differentiation as well as 
by numerous growth factors and cytokines. 

We have analyzed the changes in p150,95, VLA-4 integrin subunits mRNA levels that take place during the myeloid 
differentiation of HL60 and U937 cells, and compared them to other integrins (LFA-1, Mac-1, VLA-51 with similar 
functional activities (1). Northern blot analysis revealed that the ·monocytic differentiation of U937 and HL60 cells 
alters the p150,95a and VLA-4a mRNA steady-state levels in opposite ways: p150,95a mRNA is induced de novo 
while VLA4a mRNA decreases to undeteetable levels. Both ehanges were dependent on the activity of Protein Kinase 
C and were also observed upon granuloeytie differentiation of HL60 cells. Parallel analysis of other integrin subunits 
mRNA (B 1, VLA5a, B71 demonstrated that the mRNA levels for the a subunits of the fibronectin receptors VLA-4 and 
VLA-5 are differentially regulated during the monocytic differentiation of myeloid cell lines, and suggested that myeloid 
cells express an heterodimer formed by the association of B7 with an integrin a subunit distinct from VLA-4a. Nuclear 
transcription assays revealed that the transcription rate of the p150,95a gene is considerably elevated after PMA 
treatment of U937 cells, indicating that the regulation of the p150,95 integrin expression during myeloid differentiation 
is mainly exerted at the transcriptional level. Conversely, transcriptional and post-transcriptional mechanisms are 
responsible for the loss of VLA4 from the cell surface of PMA-differentiated U937 cells . 

To understand the mechanisms that direet the constitutive and regulated leukocyte expression of p150,95 we have 
isolated and structurally charaeterized the CD11 e prometer region and initiated its functional dissection (2) . The 
CD11c prometer lacks TATA- and CCAAT-box, directs the synthesis of transcripts with heterogeneous 5 ' ends, and 
contains an initiator-like sequence at the major transeription initiation site . Severa! putative binding sequences for 
ubiquitous (Sp1, AP-1 , AP-2, NF-kB) and leukoeyte-speeifie (PU.1) transcription factors ha ve been identified in the 
proximal region of the CD11 e prometer which may partieipate in the regulation of the expressior¡ of p150,95 . 
T ransient expression of CD 11 c-based reporter gene construets indieates that the CD 11 e prometer dietates the tissue· 
specific expression of p150,95 and that sequenees contained within 160 bp 5' from the major transcriptional start 
site are involved in the tissue-speeific and regulated expression of p150,95. DNase 1 protection analysis on the 
prometer regían spanning from -160 to + 40 revealed tour regions of DNA-protein interactions (FPI -FPIVI. two of which 
(FPIII and FPIV) correlate with the cell type-specifie and the regulated expression of the CD11 e gene. 

Unlike p150,95, LFA-1 is the only integrin expressed on all leukocyte lineages. The expression of both subunits of 
LFA-1 is absolutely restricted to leukocytes and is regulated by cytokines and during cell activation and differentiation . 
To elucidate the molecular basis for the leukoeyte-restricted expression of LFA-1, the prometer regían of the CD11 a 
gene has been isolated and functionally characterized (3) . The 5' regían of the CD11 a gene exhibits a similar 
exon/intron organization as the CD11 b, CD11 e and VLA-2a genes, but is different from that of the genes encoding 
VLA-4a, VLA-5a and gpllb. Primer extension and nuclease S 1 assays ha ve identified severa! tightly clustered 
transcription initiation sites on the CD11 a gene, with the majar site resembling the "lnitiator· sequence. The sequence. 
of a DNA fragment extending 880 bp 5' from the major transcription start site revealed the absence of TATA- and 
CAAT-box, as well as the presence of several potential binding sites for transcription factors (Sp1, PU.1, AP-2) and 
retinoic acid-responsive elements . Transient expression of CD11 a promoter-based reporter gene constructs in both 
LFA 1 • and LFA 1· cell lines demonstrated that the fragment spanning from -880 to + 83 functions as a prometer andr 
is involved in the tissue-specific expression of LFA-1 . Functional analysis of different fragments within the -880/ + 83 
fragment suggested the presence of negative regulatory elements between -880 and -226 and demonstrated that the 
proximal region of the CD 11 a gene prometer exhibits tissue·speeifie aetivity . 

1.- T. Bellón, C. lópez-Rodriguez, G. Joehems, C. Bernabeu, A . Corbl. 1993. Submitted . 

2 .- M . lópez-Cabrera, A . Nueda, A . Vara, J. Garefa·Aguilar, A . Tugores, A . Corbl. 1993. J . Biol. Chem. 268:1187. 

3.- A . Nueda, M. lópez-Cabrera, A . Vara, A. Corbl. 1993. J . Biol. Chem., in press. 
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GLUCOCORTICOIDS PREVENT THE INDUCTION OF NITRIC OXIDE SYNTHASE IN 
RAT MESANGIAL CELLS AT THE TRANSCRIPTIONAL LEVEL. 

M.Saura, S.López, C.García-Escribano, M.Rodríguez-Puyol, D.Rodríguez
Puyol, .S...Lamas 
Departamento de Fisiología, Universidad de Alcalá de Henares, Madrid, 
Spain. 

Mesangial cells are modified vascular smooth muscle cells in the 
renal glomerulus which are able to synthesize nitric oxide (NO) when 
exposed to cytokines or lipopolysaccharide (LPS). We studied if this 
induction could be regulated by drugs with recognized antiinflammatory 
properties such as glucocorticoids. Rat mesangial cells (RMC) (primary 
culture) were treated or not with tumor necrosis factor-a (TNF-a) ( 1 00 
ng/ml, 8 h) + LPS (1 Omg/ml, 8 h). Dexamethasone (Dx) was either added at 

the same time (1 o- 6 M, 8 h) or 16 h befare (1o-6M, 24 h). NO synthase 
activity was measured using a reporter cell-assay by which the capacity 
of NO to stimulate soluble guanylate cyclase in a fibroblast cell line 
(RFL-6) is exploited. RFL-6 cells were co-incubated with supernatants of 
RMC treated as described. Treatment of RMC with TNF-a + LPS 
significantly augmented RFL-6-associated cGMP (control: 016±0.08, 
TNF - a + LPS: 1 .3 7±0.19 pmol/well, p < 0.05, n=2) . Pretreatment with Dx 
significantly blunted TNF-a + LPS-induced NO synthase activity 
(0.46±0.01 pmol/well, p<O.OS, n=2). However when Dx was simultaneously 

added with TNF-a + LPS to RMC this inhibition was not observed. Dx (1 o- 6 
M, 24 h) alone did not modify RMC basal NO synthase activity (0.28±0.07 
pmol/well, n=2). We further explored mRNA expression of NOSi in rat 
mesangial cells using a murine macrophage NOSi cDNA probe for Northern 
analysis. The latter showed a visible 4.8 Kb transcript in induced RMC. 
Treatment with Dx significantly blunted the intensity of this message. 
Northern analysis of the same membrane using a housekeeping gene (rat 
B-tubulin) as a probe revealed no significant differences in the 
corresponding message of this gene among the different experimental 
conditions. We take these data to indicate that glucocorticoids regulate 
the induction of NO synthase in the glomerular mesangium at the 
transcriptional level probably by the interaction with a potential 
consensus sequence for the glucocorticoid receptor in the prometer 
region of the NOSi gene. Also, the potential preventive action and 
therapeutic relevance of glucocorticoids in NO-mediated 
pathophysiological phenomena within the mesangial cell is estabiished . 
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REGULATION OF MHC CLASS 11 GENE EXPRESSION IS CONTROLLED BY 

THE TRANSACTIVATOR GENE CIITA, WHICH IS MUTATED IN THE BARE 

LYMPHOCYTESYNDROME 

Bemard MACH, Viktor STEIMLE, Luc OTfEN, Paolo SILACCI, Claire-Anne 

SIEGRIST and Madeleine ZUFFEREY, 

Department of Genetics and Microbiology, University of Geneva Medical School, 

Geneva, Switzerland 

Modulation of MHC class 11 gene expression on various cell types, and in particular 

induction by Interferon gamma, is a functionally important aspect of antigen 

presentation and of T lymphocytes activation. The cascade of events that result from 

receptor activation involves complex and largely unknown steps and numerous 

factors, including those that bind to MHC class II promoters. CIITA is a novel 

MHC class 11 transactivator gene shown to control the constitutive expression of 

class II genes on B lymphocytes. CIIT A was also shown to be the gene responsible 

for the Bare Lymphocyte Syndrome, a disease of HLA class II gene regulation and 

was shown to be mutated in this disease. The CIITA gene is itself differentially 

expressed and highly regulated, with a pattem that corelates with that of MHC class 

JI gene expression. More importantly, CIITA is also shown be an essential mediator 

of the induction of MHC class II genes by Interferon gamma in various cell types, 

including monocyte lines, and to be itself regulated by Interferon gamma. In 

addition to controlling constitutive MHC class 11 gene expression , CJITA is 

therefore also responsible for the mechanism of induced class JI expression and for 

the physiological modulation of the leve! of MHC class 11 molecules in various cell 

types . 
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Chris Schindler (Columbia University, New York) 

Kinases Mediate the Activation 
Stimulated Signa) Transduction 

of Specific 
Pathways" 

Interferon 

Central to the biological response of cytokines is the rapid induction of 
unique sets of genes . Analogous to a viral infection, it is the induction of 
immediate early genes (IEGs) that is Iikely to define the specificity of the 
response, whereas later genes may be less specific. Sorne of the proteins 
involved in carrying a signa) , with high fidelity, from the cytoplasmic domain of 
the receptor into the nucleus, have recently been elucidated for IFN-a and IFN

y. In both cases, latent cytoplasmic signalling proteins are rapidly activated by 
a tyrosine kinase(s) in response to ligand binding cognate receptor. The 
activated signalling proteins are subsequently rapidly translocated into the 
nucleus where they bind specific enhancer elements, culminating in the 
induction of the corresponding gene ( 1 ). 

In response to IFN-a, three cytosolic proteins, p 113, p91 and p84, are 
rapidly phosphorylated on a conserved tyrosine (2). This phosphorylation is 
dependent on the presence of the IFN-a receptor associated tyrosine kinase, 
tyk-2 (3). It is now known that only two of the cytoplasmic proteins are 
required for signalling. p84, which is structurally similar to p91 (i .e . it is 
missing the Jast 38 carboxy terminal amino acids) appears to be entirely 
redundant in the IFN -a pathway ( 4). After acti vation, p 113 and p91 ( or p84) 
associate in a complex (presumably a heterodimer), which is subsequently 
translocated to the nucleus, where it associates with p48 (the DNA binding 
component) to form a stable ac;tivation complex (i.e., Interferon-a Stimulated 
Gene Factor-3, oriSGF-3) on the Interferon-a Stimulated Response Element 
(ISRE: ref. 1 ). 

In response to IFN-y only p91 is rapid1y phosphorylated (on the same 
tyrosine) and subsequently translocated to the nucleus (5). This activation 
event is not dependent on tyk-2 (3) . Once in the nucleus, p91 is believed to 
bind to the GAS element as a homodimer (known as the Gamma Activation 
Factor, or GAF) and stimulate transcription. Although p84 is activated by IFN-y, 
and able to bind GAS elements, it is unable to actívate transcription (4). Hence, 
p84 is not a positive activator in the IFN-y pathway and may have a counter
regulatory role in sorne IFN-y responses . 

Although much progress has been made in understanding the basic 
outline in the signa! transduction pathways stimulated by IFN-a and IFN-y, 
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much work remains to be done in understanding of molecular details of this 
pathway . The kinases and receptor components involved in these responses 
have not been fully elucidated. However, the presence of SH-2 and a potential 
SH-3 domain in these signalling proteins provides a tantalizing clue as to the 
nature of sorne of these interactions (1 ). Al so the ability of cells to 
differentially regulate the expression of these cytoplasmic signalling proteins , 
as is the case when U937 cells are induced to differentiate (6), provides an 
additional promising avenues for the investigation of how cells may control 
their response to IFNs (and perhaps other cytokines) . Additionally, the 
preliminary identification of novel cytokine specific family members of the 
p91 /p 113 family suggests that the IFN signalling pathways wi!l serve as a 
paradi gm for other cytokines . 

Referenccs: 
l. Pellegrini, S., and Schindler, C. , ( 1993) Trends in Biochem. Sci .,. in press. 
2. Schindler, C., Shuai , K. , Prezioso, V., and Darnell JE., (1992) Science 257 :809-
8 13. 
3. Velazqucz, L. , Fcllous, M., Stark, GR., and Pellegrini, S., (1992) Cell 70:313-
322 . 
4. Mueller, M., Laxton, C. , Briscoe, J. , Schindler, C., Improta, T., Darnell , JE., Stark, 
GR ., and Kcrr lA ., (1993) EMBO J., submitted 
5. Shuai, K., Schindler, C. , Prezioso, V., and Darnell, JE., (1992) Science 
258:1808-1812. 
6. Eilers, A., Seegert, D., Schindler, C. , Baccarini, M., and Decker, T . (1993) Mol. 
Cell Biol. 13 :3245-3254. 
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Promoter of the Mouse Gene for an lnduclble Nftrlc Oxide Synthase: Indudbflfty 
by Bacteria! Lipopolysaccharide and Interferon-r 

Qiao-wen Xie 

The inducible nitric oxide synthase (iNOS) tightly binds calmodulin and its activity is 
independent of an elevation of Ca2• (1). We cloned the cDNA for iN OS frorn mouse 
macrophages and proved that iNOS is induced at the transcriptionallevel after exposure to 
bacteriallipopolysaccharide (LPS) and interferon{IFN)-y (2). Cycloheximide almost complete! y 
blocked the induction of iNOS in rnouse peritoneal rnacrophages treated with LPS and IFN-r. 
Genistein, a tyrosine ldnase inhibitor, cornpletely blocked the induction of iN OS by IFN-y and 
partially blocked induction by the cornbination of IFN-r and LPS. We recently cloned and 
analyzed an 1.7 kb promoter region of the iNOS gene frorn mouse (3). It contains a TATA box 
upstream of the mRNA initiation si te and at least 22 oligonucleotide elements hornologous to 
consensus sequences for the binding of transcriptional factors in volved in the inducibility of other 
genes by cytoldnes or bacteria! products: 10 copies of IFN-r response element (y-IRE); 3 copies 
of y-activated site (GAS); 2 cop1es each of nuclear factor-KB (NF-KB), IFN-cx-stimulated response 
element (ISRE), activator protein-1 (AP-1), and tumor necrosis factor response element (TNF
RE); and one copy of X box. Using the system wilh a reporter gene encoding bacteria! 
chlorarnphenicol acetyltransferase (CAT), we show that the downstream portion of the prometer 
region is sufficient to confer inducibility by LPS, while upstream portion contains enhancer 
region responsive to the synergistic action of IFN-y with LPS. 

l. Cho, H. J., Xie, Q.-w., Calaycay, J., Murnford, R. A., Swiderek, K. M., Lee, T. D., and 
Nathan, C. (1992) Calmodulin as a tightly bound subunit of calcium-, calmodulin
independent nitric oxide synthase. J. Exp. Med. 176, 599-604. 

2. Xie, Q.-w., Cho, H. J., Calaycay, J., Mumford, R. A., Swíderek, K. M., Lee, T. D., Díng. A., 
Troso, T., and Nathan, C. (1992) Cloning and characterization of inducible nitric oxide 
synthase from mouse macrophages. Science 256, 225-228. 

3. Xie, Q.-w., Whisnant, R., and Nathan, C. (1993) Promoter of the mouse gene encoding 
calcium-independent nitric oxide synthase confers inducibility by interferon"'Y and bacteria! 
lipopolysaccharide. J. Exp. Med. In press. 
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Isolation and characterization of the DNA binding proteins that regulate the expression of the 

MHC class ll gene, I·A~. Richard Mald, Scott McKercher, and Antonio Celada. 

La Jolla Cancer Research Foundation, 10901 N. Torrey Pines Road, La Jolla, CA 92037. 

The MHC class n genes are expressed in macrophages after the macrophages ha ve been treated 

with interftron giiiiliiUI. (IFN--y). Wr; h11vr; idcndficd thr; ds-tU.-dng clcmcms within thc promoter 

of the MHC class n gene I-A~ that are necessary for the expression of this gene in macrophages 

as well as B cells. The important cis-acting elements líe within 124 bp of the tra.nscription start 

si te. There are thrcc clemcnts that are i.mportant for the expression of the I-A~ gene and these 

resemble the cis-acting elements found in the promoters of other MHC class n genes. The 

elements have been named the W, X, and Y boxes. 

The Y box element contains the sequen ce motif CCAA T. The protcin that binds to this sequence 

consists of two components, (34Kd and 42-46 Kd), both of which are required for the binding of 

the protein to DNA (1). Por the 1-A~ gene thc two components appear to be identice.l to the 

proteins NF-Y A and NF-YB (2). 

TheX box is an important element for the expression of MHC class n genes and appears to be 

the binding site for two proteins. We have identified a protein (45Kd) that binds to the upstream 

sidc of the I-A~ X box (X¡) and cloned the gene for this prote~n. The gene has been named IAX. 

The sequencc of IAX shows no homology to previously isolatedgenes and the putative protein 

sequence does not resemble any of the known DNA binding proteins. We are currently 

examining the function of the IAX protein and its role as a transcriptional activator. 

The third cis-acting element, called the W box, is important for the IFN-y induced expression of 

the l-A~ gene. A W box binding protein has been purified and has a molecular size of about 43 

Kd. The characterization of this factor is currently underway. 

References: 

l. Celada, A. and Maki, R.A. DNA binding of the mouse class TI major histocornpatibility 

CCAAT factor depends on two components (1989). Mol. Cell. Biol. 9, 3097-3100. 

2. Celada, A., McKercher, S. and Maki, R.A. The transcription factor NF-Y is an important 

transcriptional activator for the expression of the MHC class II gene l-A~ (submitted). 

3. Celada, A., McKercher, S. and Maki, R.A. Cloning of the gene for IAX: a transcripúon 

factor that binds to the MHC class II l-A~ X box (submitted). 
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Suppression of Induclble Nitric Oxide Syntbase by Transformlng Growth Factor·P 

CarlNathan 

The potential for cell. tissue and organ destrucdon by inducible NO srnthase (iNOS) 
suggests that the regulation of iNOS function is not Ji1cely to reside solely in 1ts inducibility. As 
for other toxic products of the activated macrophage, production of NO is likely to be subject to 
suppression bl cytOJdnes. The iNOS-suP.pressmg cytokines may be just as irnportant to the 
regulation of iNOS as those that induce 1t. We have identified 5 such cytokines: MDF (1), TOF
Pl-3 (1), and IL-4 (2). 1 will focus here on the mechanism of acdon ofTGF-~1 (3). 

TOF-~ reduced iNOS ~ific activity and protein in both cytosolic and particulate 
fractions of primary mouse pentoneal macrophages, suppressing nitrite release with a 50% 
inhibitory concentration of 5.6 ± 2 pM. TGF-P reduced iNOS mRNA without affecting the 
tr11I18Cription of iNOS, by decreasing iNOS mRNA stabUity. Bven after iN OS was airead y 
expressed, TOF-p reduced the amount of iN OS protein. This was due to reduction of iNOS 
mRNA translation and increased degradation of iNOS protein. Thus, the potency of TGF-~ may 
reflect its ability to suppress iNOS expression by three distinct mechanisms-- decreased stability 
of iNOS mRNA, decreased translation of iNOS mRNA, and increased degradation of iNOS 
proteitl. This is the first evidence that iN OS is subject to post-transcriptional regulation. 

l. Ding, A, C. F. Nathan, J. Oraycar, R. Derynck, D.1. Stuehr, and ·s. Srimal. Macrophage 
deactivation factor and transforming growth factors-8-l, -2, and -3 inhibit induction of 
macrophage nitrogen oxide synthesis by interferon-y. J Immunol. 145:940-944, 1990 

2. Bogdan, C., J. Paik, C. Nathan, and Y. Vodovotz. Suppression of macrophage nitric oxide 
release by interleukin-4. In preparation. 

3. Vodovotz, Y., C. Bogdan,1. Paik, Q.-w. Xie, and C. Nathan. Mechanisms of suppression of 
macrophage nitric oxide release by transfonning growth factor-p. J. Exp. MM, In press, 
1993 
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Histocompatibility Complex lA 

by Glucocorticoids 

Antonio Celada, Scott McKercher and Richard A. Maki 

Department of Biochemistry and Physiology, School of Biology, 
University of Barcelona and La Jolla Cancer Research Foundation, La 

J olla, California 

Glucocorticoids are effective repressors of major histocompatibility 

complex (MHC) class 11 gene expression . The repression occurs in B 

cells, which constitutively express MHC class 11, as well as in 

macrophages, which only express MHC class II after the cells are 
treated with interferon -y. Fot the MHC class II gene lA~. this negative 

regulation has been linked to the X box DNA sequence, located with 
the lA~ prometer. The addition of the glucocorticoid receptor was 

shown to inhibit the DNA binding of the X box DNA binding protein to 

the X box. The DNA binding of two other DNA binding proteins that 

recognize elements within this prometer was unaffected by the 

addition of glucocorticoid receptor. lt is likely that the repression of 

lA~ gene expression by glucocorticoids occurs because the X box DNA 

binding protein is prevented from binding to the DNA and activating 

transcription. 
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DOWN-REGULATOAY AND UP-AEGULATORY CYTOKlNE ACTIVITlES IN PAAASITlC INFECTION: 

RELATION TO MACAOPHAGE EFFECTOA FUNCTION. 

Alan Sher, Laboratory of Parasltlc Oiseases, NIAID, Bethesda, MO. 20892, USA 

Dlfferem parasitic infectlons stlmulate different host cytokine responses. We have 

postulated that these response panerns reftect the adaptatlon of the particular parasite to the 

host immune system. Thus, helmlnths (e.g. Schlstosoma mansonl) and protozoa which produce 

loog-lived chronic infections Induce the synthests of cytokines that down-regulate cell

mediated immunity whlle highly virutent intracellular protozoa such as Toxoplasma gondíi 

trtgger strong cellular immune responses to limit their own numbers thus ensuring host 

survival . Since the macrophage is a crucial effector cell in the host protective respon~e against 

parasites, much of thls regulation ls likely to occur at the leve! of macrophage activation and 

function. The major cytokines produced during parasltic infection which down-regulate 

macrophage effector function are the Th2 cytokines. IL-4 and IL-1 o and TGF-~ . The productlon 

of reactive nitrogen oxides (NO) ls thought to be the major mechanism by whieh lymphOkine 

activated macrophages kili both intracellular and extracellutar parasite targets and each of the 

inhlbitory cytokines have been shown to down-regulate NO production by these effector cells 
and can synergize in thls suppression. In the case of IL· l O, lnhibltion o! NO prOduction and 

parasite killing by IFN·y actlvated inflammatory macropnages correlatas with the suppression 

of endogenous TNF-a synthesis and is restored by the additon of exogenous TNF-o. 

lntracellular parasites up-regulate macrophage effector function by a variety of 

mechanisms, one of which is the T-independent induction of IFN·r synthesis by NK cells. Thls 

pathway has recently been shown to depend on the induction from macrophage accessory cells of 

IL-12 which acts in synergy wlth TNF-a. In the case of Toxoplasma gondii. IL-12 production is 
stlmulated by both live tachyzoites and heat labíle parasite molecules released in culture and ls 

ampllfled by IFN-y, the end product of the NK cell response . IL-10 ctown-regulates IL-12 

production by macrophages and In tum IL-12, by its inhlbition of Th2 cen differentiation, can 

block IL-10 responses in vivo. These observations suggest that IL-10 and IL-12 have 

antagonistic effects on cell-mediated immunity and that their preferential induction may dlctate 

the outcome ot infection. 

Work from our group cited; 
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Suppression of Macrophage Cytokine Production and Expression of lnducible Ni trie 
Oxide Synthase by lnterleukin 10, Interleukin 4 and Lipopolysaccharidc 

Christian Bogdan 

Macrophages play a central role during inflammatory processes. Due to their 
production of cytokines and reactive oxygen and nitrogen intermediates they exert 
antiparasitic and tumoricidal functions, but they are also potentially destructive for host 
tissues whlch necessitates a tight regulation of the production of these mediators in vivo. Tn so 
far, host-mediated suppression of cytokine, H202 and NO release is de.<;irable and part of a 
normal immunoregulation. On the other hand, suppression of these ma<:rophage functions by 
microbes or microbial products may serve as an evasion mechanism for the pathogen. In this 
presentation J will focus on IL-10 and IL-4 as well as on bacteria! endotoxin as candidate 
suppressants. 

COS cell-expressed IL-10 reduced the production ofTNF-a,llrl, H2<>2 and NO by 
mouse peritoneal exudare miu.:rophages. However, the concentrations of n.,..10 required for 
50% suppression were strikingly different for the 4 secretory pathways (0.04 • 0.35, 3.7 and ~ 
10.0 CSIF U/mi). IL-10 markedly suppressed TNF-a, IL-la and IL-113 mRNA levels without 
suppressing transcription of the corresponding genes (1, 2). 

ll..-4 suppressed IFN-y-induced NO production (IC 50: 45 ± 0.6 pM) while at the 
same time synergizing with IFN-y for the secretion of TNF-a. When the macrophages were 
pretreated with IL-4 for 6-9 h, the suppression of IFN-y-induced NO release was strongly 
tn<.-Teased (JC 50: 1.4 ± 0.3 pM) despite unaltered TNF-a producúon; under these conditions, 
IL-4 also blocked the induction of NO by the combination of IFN-y and LPS (IC 50: 3 ± 0.4 
pM). Suppression of NO production was paralleled by a reduction of inducible nitric oxide 
synthase (íNOS) enzyme activity, protein expression and mRNA levels (3). 

Bacteria! endotoxin (LPS) is known as a potent co-inducer of IFN-y-stimulated iN OS 
activiry, protein- and mRNA-expression in murine peritoneal macrophages. We found that 
small arnounts ofLPS (50-2()() pg/ml) can also have an adverse effect if the macrophages are 
exposed to LPS for ~ 6 h prior to activation by IFN-y. The initial (5 h) expression of iN OS 
mRNA was unaffccted, whlle by 24-48 h the iNOS mRNA levels were strongly suppressed, 
indícating that LPS pr~treatment does not lead to a reduced IFN-·r responsiveness of the 
macrophages (4). 

l. Bogdan, C., Y. Vodovotz and C. Nathan. 1991. Macrophage deactivation by interleukin 10. L 
Exp Med. 17 4: 15449-1555. 

2. Bogdan, C .• J. Paik, Y. Vodovotz, and C. Nathan. 1992. Contrasting mechanisms for suppression 
of mat.Tophage cytokine release by transforming growth factor-11 and interleulón 10. J. Biol. 
~ 267: 23301-23308. 

3. Bogdan, C., Y. Vodovotz, J. Paik, Q.-w. Xie, and C. Nathan. lnterleukin 4 suppresses nitric oxide 
gene expression in prima!)• murine rnat.TOphages (in preparc~tion) 

4. Bogdan, C., Y. Vodovotz, J. Paik, Q.-w. Xie, and C. Nathan. 1993. Traces of bacteria! 
lipopolysaccharide suppress interferon-g-induced nitric oxide synthase gene expression in 
primary mouse macrophages. J. Immunot. (in press). 
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phatidylinositol in Cell Signalling . 
Organized by J. M. Mato and J. Lamer. 
Lectures by M. V. Chao, R. V. Farese, J. 
E. Felíu, G. N. Gaulton, H. U. Haring, C. 
Jacquemin, J. Lamer, M. G. Low, M. Mar
tín Lomas, J. M. Mato, E. Rodriguez
Boulan, G. Romero, G. Rougon , A. R. 
Saltiel , P. Stralfors and l. Varela-Nieto. 

268 Workshop on Salt Tolerance in Mi
croorganisms and Plants: Physiological 
and Molecular Aspects. 
Organized by R. Serrano and J. A. Pintor-
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Toro. Lectures by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein , R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Láuchl i, U. Lüttge, E. Padan, M. Pagés, 
U. Pick, J. A. Pintor-Toro, R. S. Ouatrano, 
L. Reinhold , A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move

ment in Vertebrates. 

Texts published by the 

Organized by R. Baker and J. M. Delgado
García. Lectures by C. Acuña, R. Baker, 
A. H. Bass, A. Berthoz, A. L. Bianchí , J. 
R. Bloedel, W. Buño, R. E. Burke, R. Ca
miniti , G. Cheron, J. M. Delgado-Garc ía, 
E. E. Fetz, R. Gallego, S. Grillner, D. Guit
ton , S. M. Highstein, F. Mora, F. J. Rubia 
Vila, Y. Shinoda, M. Steriade and P. L. 
Strick. 

CENTRE FOR INTER NATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors Tell 

the Brain? 

Organized by C. Belmonte and F. Cerveró. 
Lectures by C. Belmonte, G. J . Bennet, J. 
N. Campbell , F. Cerveró, A. W. Duggan, J. 
G:· llar, H. O. Handwerker, M. Koltzenburg , 
R. H. LaMotte, R. A. Meyer, J. Ochoa, E. 
R. Perl, H. P. Rang, P. W. Reeh, H. G. 
Schaible, R. F. Schmidt, J. Szolcsányi , E. 
Torebjórk and W. D. Wi ll is Jr. 

2 Workshop on DNA Structure and Protein 

Recognition. 

Organized by A. Klug and J. A. Subirana. 
Lectures by F. Azorin , D. M. Crothers, R. 
E. Dickerson, M. D. Frank-Kamenetskii , C. 
W. Hilbers, R. Kaptein , D. Moras, D. Rho
des, W. Saenger, M. Salas, P. B. Sigler, L. 
Kohlstaedt, J. A. Subirana, D. Suck, A. Tra
vers and J. C. Wang. 

3 Lecture Course on Palaeobiology: Pre

paring for the Twenty-First Century. 

Organized by F. Álvarez and S. Conway 
Morris. Lectures by F. Álvarez, S. Conway 
Morris, B. Runnegar, A. Seilacher and R. 
A. Spicer. 

4 Workshop on The Past and the Future 

of Zea Mays. 

Organized by B. Burr, L. Herrera-Estrella 
and P. Puigdoménech. Lectures by P. 
Arruda, J. L. Bennetzen , S. P. Briggs, B. 
Burr, J. Doebley, H. K. Dooner, M. Fromm, 
G. Gavazzi, C. Gigot, S. Hake, L. Herrera
Estrella, D. A. Hoisington, J. Kermicle, M. 
Motto, T. Nelson, G. Neuhaus, P. Puigdo
me•1ech, H. Saedler, V. Szabo and A. Viott i. 

5 Workshop on Structure of the Major His

tocompatibility complex. 

Organized by A. Arnaiz-Villena and P. Par
ham. Lectures by A. Arnaiz-Vil lena, R. E. 
Bontrop, F. M. Brodsky, R. D. Campbell, 
E. J. Collins, P. Cresswell , M. Edidin, H. 
Erlich, L. Flaherty, F. Garrido, R. Germain, 
T. H. Hansen, G. J. Hámmerling, J. Klein , 
J. A. López de Castro, A. McMichael, P. 
Parham, P. Stastny, P. Travers and J. 
Trowsdale. 

6 Workshop on Behavioural Mechanisms 
in Evolutionary Perspective. 

Organized by P. Bateson and M. Gomendio. 
Lectures by J. R. Alberts, G. W. Barlow, 
P. Bateson, T. R. Birkhead, J. Carranza, C. 
ten Cate, F. Colmenares, N. B. Davies, R. 
1. M. Dunbar, J. A. Endler, M. Gomendio, 
T. Guilford, F. Huntingford, A. Kacelnik, J. 
Krebs, J. Maynard Smith, A. P. M0ller. J. 
Moreno, G. A. Parker, T. Redondo, D. l. 
Rubenstein , M. J. Ryan , F. Trillmich and J. 
C. Wingfield. 

7 Workshop on Transcription lnitiation in 

Prokaryotes. 
Organized by M. Salas and L. B. Rothman
Denes. Lectures by S. Adhya, H. Bujard, 
S. Busby, M. J. Chamberlin , R. H. Ebright , 
M. Espinosa, E. P. Geiduschek, R. L. Gour
se, C. A. Gross, S. Kustu , J. Roberts, L. B. 
Rothman-Denes, M. Salas, R. Schleif, P. 
Stragier and W. C. Suh. 
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8 Workshop on the Diversity of the lmmu
noglobulin Superfamily. 
Organized by A. N. Barclay and J. Vives. 
Lectures by A. N. Barclay, H. G. Boman, l. 
D. Campbell, C. Chothia, F. Diaz de Espada, 
l. Faye, L. García Alonso, P. R. Kolatkar, 
B. Malissen, C. Milstein, R. Paolini , P. Par
ham, R. J. Poljak, J. V. Ravetch, J. Salzer, 
N. E. Simister, J. Trinick, J. Vives, B. Wes
termark and W. Zimmermann. 

9 Workshop on Control of Gene Expression 
in Yeast. 
Organized by C. Gancedo and J. M. Gan
cedo. Lectures by T. G. Cooper, T. F. Do
nahue, K-:-D. Entian , J. M. Gancedo, C. P. 
Hollenberg, S. Holmberg, W. Hórz, M. 
Johnston, J. Mellor, F. Messenguy, F. Mo
reno, B. Piña, A. Sentenac, K. Struhl, G. 
Thireos and R. S. Zitomer. 

1 O Workshop on Engineering Plants 
Against Pests and Pathogens. 
Organized by G. Bruening , F. Garcia-01-
medo and F. Ponz. Lectures by R. N. Bea
chy, J. F. Bol , T. Boller, G. Bruening , P. 
Carbonero , J. Dangl , R. de Feyter, F. Gar
cia-Oimedo, L. Herrera-Estrella, V. A. Hil
der, J. M. Jaynes, F. Meins, F. Ponz, J. 
Ryals, J. Schell, J. van Rie, P. Zabel and 
M. Zaitlin. 

11 Lecture Course on Conservation and 
Use of Genetic Resources. 
Organized by N. Jouve and M. Pérez de la 
Vega. Lectures by R. P. Adams, R. W. Allard , 
T. Benitez, J. l. Cubero, J. T. Esquinas
Alcázar, G. Fedak, B. V. Ford-Lioyd , C. Gó
mez-Campo, V. H. Heywood , T. Hodgkin, 
L. Navarro, F. Orozco, M. Pérez de la Vega, 
C. O. Qualset, J. W. Snape and D. Zohary. 

12 Workshop on Reverse Genetics of Ne
gative Stranded ANA Viruses. 
Organized by G. W. Wertz and J. A. Melero. 
Lectures by G. M. Air, L. A. Ball , G. G. 
Brownlee, R. Cattaneo, P. Collins, R. W. 
Compans, R. M. Elliott, H.-D. Klenk, D. Ko
lakofsky, J. A. Melero, J. Ortin, P. Palese, 
R. F. Pettersson, A. Portela, C. R. Pringle, 
J. K. Rose and G. W. Wertz. 

13 Workshop on Approaches to Plant Hor
mone Action. 
Organized by J. Carbonell and R. L. Jones. 
Lectures by J. P. Beltrán, A. B. Bleecker, 

J. Carbonell, R. Fischer, D. Grierson, T. 
Guilfoyle, A. Jones, R. L. Jones, M. Koorn
neef, J. Mundy, M. Pagés, R. S. Quatrano , 
J. l. Schroeder, A. Spena, D. Van Der 
Straeten and M. A. Venís. 

14 Workshop on Frontiers of Alzheimer Di
sease. 
Organized by B. Frangione and J. Avila. 
Lectures by J. Avila, K. Beyreuther, D. D. 
Cunningham, A. Delacourte, B. Frangione, 
C. Gajdusek, M. Goedert, Y. lhara , K. lqbal , 
K. S. Kosik, C. Milstein, D. L. Price, A. 
Probst, N. K. Robakis, A. D. Roses, S. S. 
Sisodia, C. J. Smith , W. G. Turnell and H. 
M. Wisniewski. 

15 Workshop on Signal Transduction by 
Growth Factor Receptors with Tyrosine 
Kinase Activity. 
Organized by J. M. Mato and A. Ullrich. 
Lectures by M. Barbacid , A. Bernstein , J. B. 
Bolen, J. Cooper, J. E. Dixon, H. U. Hiiring , 
C.- H. Heldin , H. R. Horvitz, T. Hunter, J. 
Martin-Pérez, D. Martín-Zanca, J. M. Mato, 
T. Pawson, A. Rodriguez-Tébar, J. Schles
singer, S. l. Taylor, A. Ullrich , M. D. Water
field and M. F. White. 

16 Workshop on lntra- and Extra-Cellular 
Signalling in Hematopoiesis. 
Organized by E. Donnall Thomas and A. 
Grañena. Lectures by M. A. Brach, D. Can
trell, L. Coulombel, E. Donnall Thomas, M. 
Hernández-Bronchud, T. Hirano, L. H. 
Hoefsloot, N. N. lscove, P. M. Lansdorp , 
J. J. Nemunaitis, N. A. Nicola , R. J. O'Rei
lly, D. Orlic, L. S. Park, R. M. Perlmutter, P. 
J. Quesenberry , R. D. Schreiber, J. W. Sin
ger and B. Torok-Storb. 

17 Workshop on Cell Recognition During 
Neuronal Development. 
Organized by C. S. Goodman and F. Jimé
nez. Lectures by J. Bolz , P. Bovolenta, H. 
Fujisawa, C. S. Goodman, M. E. Hatten, E. 
Hedgecock, F. Jiménez, H. Keshishian , J. 
Y. Kuwada, L. Landmesser, D. D. M. O'Lea
ry, D. Pulido, J. Raper, L. F. Reichardt , M. 
Schachner, M. E. Schwab, C. J. Shatz, M. 
Tessier-Lavigne, F. S. Walsh and J. Walter. 
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The Centre for International Meetings on Biology 
has been created within the 

Instituto Juan March de Estudios e Investigaciones , 
a private foundation which complements the work 

of the Fundación Juan March ( established in 1955) 
as an entity specialized in scientific activities 

in general. 

The Centre's initiatives stem from the Plan 
for International Meetings on Biology, 

supported by the Fundación Juan March . 
A total of 30 meetings and 3 Juan March Lecture 
Cycles , all dealing with a wide range of subjects 

of biological interest , were organized between 
1989 and 1991 within the scope of ,this Plan . 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Lecture 

and Experimental Courses , Workshops , Semin ars , 
Symposia and the Juan March Lectures on Biology. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 21st through the 23rd of ]une, 1993, 
at the Instituto Juan March. 

All published articles are exact 
reproductions of author's text. 

There is a limited edition of 450 copies 
of this volume, available free of charge. 


