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In recent years it has become clear that cytokines play an 

important role in controlling both the inductive and the effector arm 

of the immune response. Moreover, the host cytokines response is a 

key determinant of the outcome of infection-governing both host 

resistance and immunopathology. For this reason, prophylaxis or 

treatment with cytokines has emerged as an important strategy for 

immunologic intervention in many infectious diseases. 

In addition, parasite infections provide paradigms for 

addressing sorne fundamental questions concerning the innate host 

response to infection . What parasite molecules stimulate cytokine 

production? What causes in sorne cases, the abnormally high cytokine 

product ion that lead to severe pathology? Is this genetically 

regulated? The study of cytokine function in infectious disease has 

been revolutionized by the advent of engineered mouse strains with 

gene tic disruptions in cytokine and cytokine receptor genes. In 

addition to identifying cytokine requirements for host resistance and 

pathology, these animals have provided new insights into redundancies 

in the cytokine network itself. Such investigations have highlighted 

the important lessons learned from the infection disease models on 

the mechanism underlying the selective induction of different immune 

responses. 
There are two main types of helper T (Th) cells according to 

cytokine secretion. Th1 cells produce IL-2, INF-y, and TNF but not 

IL-4. By the contrary, Th2 cells preferentially secrete IL-4, but not 

no IFN-y . Their polarized expression in different disease states 

frequently determines host resistance or susceptibility and it is 

st rongly influenced by events triggered early in infection, involving 

innate recognition mechanisms . The early induction of IL-12 by APCs, 

which in turn trigger IFN-y, is a key determinant of Th1 response 

induction while the initiation of Th2 responses depends on IL-4. 

Thus, the balance of IL-12 and IL-4 triggered early after pathogen 

invasion forros the basis of the subsequent selection of T celJ. 

subsets and their protective versus disease promoting influence on 

infection. In many diseases, such as Leishmaniasis, Toxoplasmosis, 

Tuberculosis, Th1 responses are protective whereas Th2 are 

detrimental. Others, as Chagas or Malaria have a more complex 

pattern. 
Th cell polarization is a complicated process controlled by a 

number of factors including: the nature of the antigen and of the 

APCs, accessory molecules expressed on APCs that deliver different 

co-activation signals to T cells, cytokines produced early after 

exposure to a pathogenic agent or immunization with and antigen, etc. 

There is now growing evidence that cells other than APC, encountered 
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by pathogens early after host entry, such as neutrophils and 
epithelial cells are also capable of producing IL-12 . Besides, 
CD4+NK1.1+ cells, and in the case of the Leishmania model, a subset 
of CD4+ cells with a limited TCR repertoire, have been implicated as 
sources of the IL-4 in addi t i on t o T and mast cells. 

In addition to their role in initiating T cell subse t 
differentiation, cytokines are crucial for maintaining and r e gulat i ng 
adaptive immune responses . The lymphokines IL-2, IL - 4, IFN- y and the 
anti-inflammatory cytokines IL - 10 and TGB-~ are key players at thi s 
stage. An important effec tor mechanism invo lved in the con trol of 
ma ny d i ffere nt infectious a g e nts is the productio n of nit r i c oxide 
(NO) . The synthesis of thi s toxic metabolite is induce d by the ac t i on 
of the Th1 cytokines a nd regulated by both Th2 and anti-inflammato ry 
cytokines. 

Pathogens have also evo lved complex strategies to ensure 
survival in an immunologically hostile host environment . Thus, many 
parasites have coevolved molecules that can alter the production o f 
either immunoregulatory or effe ctor cytokines, important to c ontro l 
the infection, by macrophages. 

Although clearly important in both the establishment and 
maintenance of .resistance, the cytokine response to infectious agent s 
can also be host detrimental and has been described as a "double
edged sword". Most of the pro-inflammatory cytokines and lymphokines 
associated with the Th1 response (e.g . TNF - a, IL-12 and IFN-y) are 
toxic when induced in an excessive o r uncontrolled manne r . So rne of 
this toxicity results from the subse quent production of NO but also 
from more complex down-stream phenomena. Cytokine biology offers an 
important approach for understanding the pathogenesis of these 
disorders. Finally, as should be obvious, the exogenous manipulati o n 
of deleterious cytokine responses offers a potentially power fu l 
strategy for preventing or tre ating infectious disease pathology . 

Animal studies on a number o f important infectious diseases have 
provided testable strategies for the use of cytokines in disease 
treatment as well as prevention . The further elucidation o f the 
function role of cytokine regulat i on in human infection and the 
continued introduction into the clinic of novel cytokine based 
strategies for disease intervention remain important goals f o r thi s 
field. The Juan March Workshop has provided a forum to address sorne 
of those questions in detail and to exchange knowledge from different 
infectious diseases in this dynamic field. 
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Attempts to decipber in vivo the ellrl)' events directlng the development of 
functionally polarlzed CD4+ T cell responses in mice infected with Leishmartia majar 

Jacques Louis, Kristin Swihart and Pascal Launois 

WHO Immunology Research and Training Center, lnstitute of Biochemistry, University of 
Lausanne Swit?:erland 

The murine model of infection with Leishmania major provided the first clear 
corrclation between the development of protectlve lmmunity and the expansion of 
Thl ceHs and progressive disease and the expansion of Th2 CD4+ T cells. Furthermore, 
differentiated L. major, specific Thl and Th2 cells have been demonstrated to mediate, 
respectively, resistance and susceptibility to infection with this parasite. Thus, the 
murine model of infection with L. ma¡or has been used by severa) laboratories for 
dissecting the mechanisms controlling the differentiation of CD4+ T cell subsets iH 
vivo. 

lnasmuch ao cvídence, albeit indirect, demonstrates that IL-4 has an important role 
during the initial stage of infection in the subseguent development of specific CD4+ 
Th2 response in susceptible BAL13/c mice, we have comparcd the IL-4 gene expression 
during the early stages of infection in susceptible and resistant C5"7Bl/6 mi.ce. In 
contrast to reslstant mice, susceptible BALB/c mice exhibited a peak of IL-4 mRNA 
expression in draining lymph nodes as soon as 1.6 hrs after infection with L. major. 
Following this very rapid burst, a sharp decline of IL-4 mRNA expression occured 
24 hrs after· infection retutning to controf lcvels of uninfected mice by 48 hrs. At 4 to S 
days, however, increase of IT.-4 mRNA was again seen and remained stable for, at least:, 
up to 10 days . The early (16 hrs) peak of IL-4 mRNA cxpression was never seen in 
CS7Bl/6 mice. At day 4, a small increase in lL-4 ml{NA S fold lower than in BALB/c 
mice was observed in these mtce returning to base line levels by day 7. 

Results will be presented illustrating thc lmporlance of lhe early (16 hrs) IL-4 response 
to L. major to the subsequent development of polarized Th2 response in BALB/c micc. 
lnterestingly, this very rapid burst of IL-4 production in l3ALI3/c mice was abrogated by 
JL-12 and 1 or IPN-')' administered befo re parasite inocula tion. Reci procally, 
ncutralization of endogenous IL-12 and/or IFN-y allowed the expression of this early 
peak of lT..r4 mRNA in resistant mice. Thus, these results support the notion that the 
effect of JL- l 2 on Thl cells development could be, at least in part, the result o! the 
ability of this cytokine to downregulate the initial JL-4 production required for Th2 cell 
differentiatlon. Furthermore, results of recent experimcnts, wi.IJ be presented, showing 
that the IL-4 produced early in BALB/c mice in response to L. mnjor renders rapidly T 
cell precursors unresponsive to the Thl differentiating effect of IL-12. 

Interestlngly, the NKLl. 1- CD41' T cells, demonstrated to produce JL-4 rapidly following 
injcctlon of anti-CD3 mAb, did not contribute to thc rapid IL-4 response triggered by 
L. major in either BALB/c mice or resistant míce provided that these mice are treatcd 
with anti-IL-12 prior to infection. The rapide IL-4 response to L. tnajor is the results of 
the activity of CD4+ NKl.l· T cells tnat may express a limited TCR rcpertoire. 

Supported by the Swiss National Sclence Foundation, the Roche Research;Foundatlon and the WHO 
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Probing the Biology of Murine Leishmaniasis with T Cell Receptor Transgenic Mice 

Deborah J. Fowell and Richard M. l..ocksley 

University of Calüomia San Francisco, San Francisco, U.S.A. 

Infection of inbred strains of mice with Leishmania major has defined an 
exceptionally characterized model of CD4+ effector subset development (1). Most mice 
develop self-limited, localized lesions at the si te of inoculation that heal coincident with 
the development of Th1 effector cells capable of supplying IFN-y that is required for 
activation of macrophages, the only host cell productively infected by these organisms. 
In contrast, mice on a BALB background, including BALB/c, BALB.B and BALB.K 
mice, aberrantly develop parasite-specific Th2 effector cells that abrogate the capacity of 
Th1 cells to mediate cure. The use of neutralizing antibodies and knock-out animals has 
defined critical roles for IFN-y and IL-12 in effective Th 1 development and for ll...-4 in 
Th2 development. Despite these insights, the genetic basis for aberrant Th2 cell 

development in BALB. fni.ce remains undefined. 

We began studies of the CD4+ T cell response in recognition of the capacity of these 
cells alone to reconstitute the spectrum of infecúon in SCID mice (2) and with the 

observation that MHC class 11 null mice (3), but not MHC class 1 null mice (4), were 
unable to heal infection. Such studies identified early expansion of CD4+ T cells that 
utilized Vp4Na8 T cell receptors (TCR) (5). Sequencing of cloned T cells that used this 
receptor demonstrated conservation of CDR3 length and charge, consistent with a 

response to a single immunodominant epitope from a parasite antigen. Cloned T cells 

were used to idenúfy the antigen as LACK., a conserved Leishmania homolog of RACK 1, 
the receptor for activated C kinase (6). Clones were used to map the epitope of LACK to 
a single 18 amino acid sequence in the fourth W-D domain ofLACK. Immunization of 
BALB/c mice with full-length recombinant LACK consisten ti y generated CD4+ T cells 
in the draining lymph nodes that expressed Vp4No:8 TCR and reacted with the dominant 
18 amino acid peptide. Direct binding assays confirmed the high binding affinity of the 
peptide for 1-A d and confumed the crucial role of a charged histidine residue in T cell 

activation. 

Genomic sequences of rearranged V~4 and Vo:8 genes from a LACK-reactive clone 
were used to generate TCR transgenic mice. The mice were backcrossed to both the 
BALB/c and B 10.02 backgrounds and infected with Leishmania major. The B 10.02 
TCR mice healed infection and demonstrated earlier and more exuberant IFN-y 
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production in response to LACK. Thus T cell reactivity to this single dominant antigen 

was sufficient to mediate healing of this complex parasitic infection. In contrast, BALB/c 

TCR mice developed large lesions early, but, unlike TCR-negative littermates, ultimately 

began to contain the infection and dernonstrated strong Th 1 responses. Analysis of the 

TCR mice revealed that the transgenic T cells were largely CD4-CD8-, in contrast to the 

CD4 expression on the do,nor clones. Crossing the mice to the rag null background 

revealed a peripheral repertoire of 95% double negative cells and 5% CD4+ T cells. Both 

the double-negative and the CD4+ cells were class II-restricted and LACK-reactive. 

Surprisingly, however, the double-negative cells were neither able to generate ll..-4 in 

vitro nor be conditioned to becorne Th2 cells in vitro by repeated stimulation in the 

presence of IL-4. In contras!, the CD4+ T cells on the BALB/c background readily 

generated IL-4 in vitro that was much greater than the same TCR transgenic T cells on 

the B 10.02 background. These results suggest that the strength of signal generated 

during T cell-APC interaction may profoundly effect the capacity to generate effector 

Th2 cells. This was corroborated by infection of CD4 null mice, which can readily 

generate class II-restricted Thl cells that mediate cure against Leishmania major (3), with 

Nippostrongylus . These mice were unable to expulse worms and failed to generate IL-4-

producing cells or syste{Ilic lgE. 
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The Role of IL-12 in the Regulation of CD4+ T helper cell subsets in experimental 
leishmaniasis. Phillip Scott, Department of Pathobiology, School of Veterinary Medicine, 
University ofPennsylvania, 3800 Spruce Street, Philadelphia, PA 19104, USA 

L. major irifection in C3H.rnice is associated with healing, an early NK cell response, and 
the early development of a m4+ Thl cell response, while BALB/c mice fail to exhibit an NK. cell 
response, develop a Th2 response, and fail to control the parasite (1). Since IL-12 plays a central 
role in NK cell activation and the de'.{elopment of CD4+ Thl cells in vitro, we investigated what 
role II...-12 rnight play in: (1) the development of resistance to L. major in C3H mice; (2) the 
initiation of a protective Thl response in a leishmanial vaccine; and, (3) modifying an established 
Th2 response in L. major infected BALB/c mice. The association that II.r 12 has with the 
development of Th1 cells would suggest that in resistant mouse strains, infection with L. major 
should induce an IL-12 response. Indeed, IL-12levels and the number of cells producing II.r 12 
increased in the lymph nodes draining the infection site of C3H rnice at 1 to 2 days, corresponding 
to the peak NK cell response that we previously observed in these rnice (1,2). While this data 
might be expected, there has been sorne confusion regarding the role that IL-12 plays in leishmanial 
infection. This has stemmed partly from the observation that L. major promastigotes fail to 
stimulate IL-12 production by purified macrophages in vio-o (3). However, we found that 
following ino-aperitoneal inoculation, L. major indu~ IL-12 production by peritoneal cells ( 4 ). 
The differences in the in vitro and in vivo systems remain unexplained. Nevertheless, the in vivo 
data clearly demonstrates that IL-12 is induced following infection with L. major. To further 
demonstrate the importance ofiL-12, C3H mice were treated with monoclonal anti-IL-12 antibody. 
We found that antibody neutralization oflL-12 ablated the early NK and JFN-yresponse in these 
rnice, indicating that the II...-12 observed was required for this response (2). Anti-lL-12 treated 
C3H rnice also failed to develop a Thl response, and developed much larger lesions than control 
m ice. 

In order to take advantage of the ability of IL-12 to inítiate Th 1 cell development, we 
incorporated IL-12 asan adjuvant into a leishmanial vaccine. We found that BALB/c mice 
irnmunized with soluble leishmanial antigen (SLA) alone were not protected against a fatal L . major 
infection, while mice irnmunized subcutaneously with SLA and IL-12 were complete! y protected 
against disease (5). Similar to the natural infection in C3H mice,lL-12 functioned by ínitiating a 
leishmanial-specific Thl response, which was dependent upon early induction of NK cells and 
IFN7"( production. Taken togethet, our data suggest that ll...-12 ís a critica! cytokine for the in vivo 
development of CD4+ Thl cells, and that inclusion of IL-12 may simplify the development of 
vaccines against cliseases controlled by cell-mediated immunity. 

We next investigated whether II.r 12 could be used as pan of an immunotherapy or 
therapeutic vaccine. In ourinitial experiments we administered IL-12 systemically after L. major 
infected BALB/c mice had developed a Th2 type response. We found that o-eaunent of BALB/c 
mice 3 weeks after L. major infection with lL-12 alone, administered by a variety of routes, 
significantly delayed lesion development, but could not promote healing. Such treatment did not 
lead to any pennanent change in the dominance of the Th2 cell population in m ice. In order to 
determine ü the presence of large numbers of parasites in the 3 week infected mi ce inhibited the 
ability of JL-12 to expand a Th1 population in vivo, we administered the antiroony-based 
leishmanicidal drug Pentostam. In BALB/c mice treated with Pentostam there was delayed lesion 
development, although once treatment was suspended, the mice developed an uncontrolled 
infection. In contras!., when mice were treated with both II.r 12 and Pentostam they healed their 
lesions, and associated with thís therapeutic effect was a switch from a dominant Th2 to a Th1 type 
of immune response (6). Moreover, when JL.-12 and Pentostam treated mice had healed they were 
rechallenged with L. major, and were found to be resistant These data indicate that IL-12 can 
permanently alter the dominant Th cell phenotype from a Th2 toa Th1 type. 

The abili,ty of IL-12 to switch from a Th2 to a Th 1 phenotype in L. .maJor infected BALB/c 
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mice when the I!Ilimals were treated with Pentostam oould be due to a decrease in parasite load, or a 
transient increase in antigen load due to the leishmanicidal effects of the drug. In order to 
differentiate between these two possibilities, cells from 3 week: infected mice were transfeued to 
scid núce, which were then simultaneously infecred with L. mo.jor and treated with ~ 12. While 
scid mice receiving oells from infeoted mice rapidly developed lesions, mioe that received cells and 
ll..-12 controlled the infection (7). These data suggest that ll.r 12 can influence a Th2 oell 
population in a low antigen environment, suggesting that the efficacy of ~ 12 and Pentostam in 
BALB/c mice was related to decreased parasite load. 

Applying our new knowledge of the factors that control CD4+ Th cell differentiation to 
vaccine development will be critica! for the next generation of vaccines. It is no longer sufficient 
for a vaccine to induce an ímmune response. Rather, the vaccine must induce the appropriate 
immune response for the pathogen. IL-12 has been shown to be one of the rnajor initiarors of cell
mediated inununity through its ability to enhance Th 1 cell differentiation from naive cells (8). We 
now show that for the development of vaccines requiring cell-mediated immunity, ~ 12 or 
substances that induce IL-12, will provide the necessary signals to insure that the appropriate 
immune response is generated. In addition, ll..-12 may also be important for designing therapeutic 
vaccines to treat non-healing cases of human leishmailiasis, as well as other infectious diseases 
where a dominant Thl 'response is required for resistance. 
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THE EARLY IL-4 RESPONSE TO INFECTION WITH L. MAJOR 
CHARACTERISTIC OF SUSCEPTIBLE BALB/c 

MICE RAPIDLY INDUCES UNRESPONSIVENESS TO IL-12; 
IN VIVO AND IN VITRO EVIDENCES 

Launois Pascal WHO-IRTC, Tnstitute of Biochemistry, University of Lausannc, 
155 chemin des Bovercsses -1066 Epalingcs (Switzerland). 

There is strong but indirect evidencc that Interleukin-4 (IL·4) plays an importam 

role in directing the CD4 + Th2 type response in susceptible BALB/c mice following 

L. major infcctiun. Thus, we compared the eJ.:prcssion of IL-4 in draining lymph 

nades of susceptible and resistant mice during the first days after infection of L. 

ma;or. In susceptibl(! 'mice, an carly peak in IL·4 mRNA expressiun was observcd in 

the lymph nodes .ts soon as 16 lus following subcutaneous (s.c.) injection of para.sites. 

After this initial hurst, there was a sharp decline in IL-4 mRNA expression. At day 4, 
higher levds of IL-4 mRNA wc:re again detected in LN of susceptible mice possibly 

reflecting the differentiation of Th2 CD4+ T cells . The early peak in IL-4 mRNA 

was not ohservcd in resistant micc. 

lnjection of IL-12 at the time of parasite injection results in the inhibition of both 
peaks of IL-4. This efiect of IL-12 was IFN·r dependent as injection of anti-IFN--y into 

IL-12 treated mice inhibited thc suppressive effcct of IL-12. In rc:sistant mice, 
treatment with anti·IFN·')' or anti·IL-12 allowed expression of this c:atly peak of 
increastd IL·4 mRNA levels. Thus IL-12 a..nd IFN·y are important in regulating this 

initial burst of IL-4. 

Thcre is recc.nt experimental evidence that this rapid IL-4 exprcssion (16hrs) is 

important for the suhsequent development of a Th2 response by susceptible mice. 

Wc: !uve previously shuwn th.at the NKl . l + CD4 + cells, previously dernonstrated to 

. produce IL-4 following injc:ction of anti-CD3 mAb, do not rontribute to the early 
peak of IL-4 in response to [,. 1Tli1ÍOI which is produced by NK. 1.1· C04 + T cells. 

Work l~ in progress to further define the chaia.cterization of the cells contributing to 

this IL-4 burst. Prcliminary results strongly suggest that the TCR rcpenoire of NK 
1.1- CD4 + T. cells responsible for this early IL-4 response to L. ma;or is limited. 

Further e1..'J)eriments to detemúne thc activation stage, í.e. naive or memory, of these 

cells are undcrway. 
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ROLE OF CYTOTOXIC T LYMPHOCYTES AND IFN-g IN EXPERIMENTAL 

CANINE VISCERAL LEISHMANIASIS. 

Elena Pinelljl, Rosa M, Gonzalo 2, Claire Boog 1, Víctor Rutten 1, Gustavo del Real2 

and Joost Ruitenberg1,3 . 

1 Dept. of Immunology, Faculty of Veterinary Medicine, Yalelaan 1, 3584 Utrecht, 

The Netherlands. 
2 Instituto Llorente, Ctra. del Pardo Km 1, Madrid 28035, Spain. 

3 Central Laboratory of The Netherlans Red Cross Blood Transfusion Service, 

Amsterdam, The Netherlans. 

Present address: R.M. Gonzalo, Centro Nacional de Biotecnología, C.S.I.C., 

Campus Universidad Autónoma, Madrid 28049, Spain. 

Evidence of the role of cytotoxic T lymphocytes as one of the effector mechanisms 

in protection against protozoan parasites has recently been accumulated. Although, 

cytokines such as interferon-gamma (IFN-g}, produced by the Th1 subset has been 

shown to play a major role against Leishmania infection, evidence for other 

protozoan parasites such as T. gondi and Plasmodium spp., shows that the 

protective capability of T-cells may also be due to their cytolityc activity. 

We have generated Leishmania-specific T-cell lines from peripheral blood of 

experimentally infected asymptomatic dogs, that express cytolitic activity against 

Leishmania infantum infected target cells . 
Specific lysis by this T -cell lines could be induced after stimulation with irradiated 

autologous peripheral blood mononuclear cells as antigen presenting cells and 

parasite soluble antigen. The cytotoxic effector cells generated, lyse infected 

autologous, but not allogenic target cells, indicating that the cytotoxicity measured 

in this systen is MHC-restricted. We also observed that these T-cell lines produce 

IFN-g following antigen stimulation. These results suggests that, in addition to the 

protective role of cytokines such as IFN-g, cytotoxic T lymphocytes may also play 

an important role in protection against this parasitic infection. 
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JUAN ANGUITA 

IL-12 RECONSTITUTES MURINE LYMEDISEASECAUSED 
BY NON-PATHOGENIC BORRELIA BURGDORFERI 

Costimulation mediated by 87-1 and 87-2 and their counterparts on T cells (CD28 and 

CTLA4) has been implicated in the differential development of T cell helper (Th) responses (Th1 

vs Th2). We assessed the role of these costimulatory signals on the course of murine Lyme 

borreliosis because experimental Lyme arthritis is reportedly dependent upon the development 

of a predominan! Th1 response. Treatment with an anti-87-2 mAb produced a modest increase in 

arthritis severity in 6 week old C3H/HeN mice, whereas the administration of an anti-87-1 antibody 

had no significan! effect on arthritis. No differences in disease were found in anti-87-1 and/or 87-

2 mAb treated, 3 week old mice. CD4• T cells from treated and untreated infected 6 week old 

m ice had similar in vitro proliferative responses to Borrelia burgdorferi; and IFN-r levels were 

lowest and IL-41evels were elevated in the anti-87-1 mAb treated mice. INF-r levels were also 

reduced in the sera of the anti-87-1 andlor 87-2 treated mice. In addition, anti-87-1 mAb treated 

mice had elevated B. burgdorferi-lgG titers during B. burgdorferi infection. These results suggest 

a role for 87-1 and 87-2 mediated costimulation in modulating the immune response during B. 

burgdorferi infection, and show that signaling delivered by 87-2 may play a partial role in 

determining the severity of acute murine Lyme arthritis. 
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GM-CSF mediates protective immunity agai:nst HSV-1 encephalitis through 
CD3•T cells 

Tominori Kimura, Kunihiko Tsuboi, and Jun-ichi Fujisawa 
Department of Microbiology, Kansai Medical University, 

Moriguchi, Osaka 570, Japan 

Models of herpes simplex virus type 1 (HSV-1) infection was developed in 

F344 rats to study systemic immune responses established through various 

locations of viral inoculation. Following intravitreal (ivt) HSV-1 injection, 

animals developed a distinct colony-stimulating factor (CSF)-producing T cell 

population, characterized by serum CSF production and associated granulo

monocytosis, that was induced by following intraperitoneal viral challenge. 

However, neither intraperitoneal (ip) infectious nor intravitreal UV-inactivated 

HSV-1 priming established the T cell population in rats. When RT-PCR was 

conducted on cytoplasmic RNAs purified from splenic CD3• -T cells, only ivt

primed lyrnphocytes expressed ganulocyte-macrophage (GM)-CSF mRNA after 

coculture with HSV-1, but neither G-CSF, IL-3, nor IL-6 mRNAs were being 

expressed. T cells obtained from both ip-infectious virus- and ivt-UV-inactivated 

virus-primed rats failed to express GM-CSF mRNA. Serum CSF production 

associated with granulo-monocytosis was again observed in homologous nude 

rats after adoptive transfer of ivt-primed CD3• -T cells together with concomitant 

ip-challenge. To evaluate the effect of GM-CSF production on anti-viral 

immunity, HSV-1-primed, ip-challenged rats received lethal ocular challenge of 

the virus. Only GM-CSF- producing, ivt-primed rats were protected (p<0.0015). 

The unique anti-HSV-1 immunity mediated by GM-CSF was further supported 

by the experiments in which F344 rats pretreated with recombinant murine GM

CSF were protected against lethal encephalitis induced by the ocular challenge of 

the virus (p<0.01). The efficacy of GM-CSF production for anti-viral irnmunity 

will be discussed in relation to host defense mechanisms against HSV-1 infection 

in the central nervous system. 
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Cytokine deficient mouse mutants generated lt' gene targeting 

Werner Müller 
Institute for Genetics 
University of Colonge 
D-50931 Cologne 

Homologous recombination in murine embryonic stem cells allows 

introduction of defined mutations into the inouse germline. We have used 

this technology to generate mouse muta~ts ddicient for individual or 

multiple cytokines . For example, we obtained mousc mutants deficient for 

IL-4, IL- 2 and IL-4 or deficient for IL-2, -4,-7, -9, -15. ln these mutants the 

deficiency is presei\t in the animal throughout life and the immune system 

can compensate for the deficiency. In order to overcome this limitation of the 

system , we have recently utilised the cre/loxP ~;ystem to remove cytokine 

receptor::; in vivo either cell type specific and/ or at a given time point. Using 

this system we have generated mouse rn:utants deficient for either the 

common gamma chain, disrupting the actidn of IL-2, -4,- 7, -9, -15, or for 

gp130, inactivating IL-6, CNTF, CNTF2, CT-l,IL- 11, UF and OM. 



Instituto Juan March (Madrid)

28 

T helper subset developrnent and effector responses 

In rnice deficlent for either IL-5, IL-4, IFN-y Rl, 

or doubly deficient for IL-4/IFN-r Rl. 

Manfred Kopf. Marijke Barner. Wemer Solbach. Fra.nk Brombacher 

We have used mice dericient for cyt.okines (e.g. fFN-y, TT.-4) that are believed 

to be critica! for the differential regulation of post-thymic CD4+ T cell 

development into Thl and .Th2 subset and. ruoreover. for the regttlatíon of 

effectOr responses such as macrophage acti vation and eos inophili a. The 

mechanism of T helper sub~ _ el dcvclopment ano cffcclOr responses iu thc 

various deficient mice (listed in the titel ) with severa! models inclull ing 

repetitive in vlrro antJ-CD3 stimulation of purified resting CD4+ T cells of the 

variou6 deficicnt mice and infcctions that polarizc CD4+ responses into typc 1 

(e .g. Lürerla monocy rogen es ) into type 2 (e.g. Nipposrrongylus brasiliensi s ) 

and into type 1 or 2. dependen! o u thc gene tic background (e.g. Le i s }¡m a 11 i a 

major) . Thcsl!: stu(!ies showcd U1at the presence of IFN-r Rl is not required fo r 

Th 1 deve1opment but cruci al for macrophagc act.ivation . IFN-y Rl deficient 

mi ce succumb . to inf.ections with tow tite rs or L. majar and L. nwnor:y co g e ns 

because they fail to actívate macrophages. lnfection with /. , monocy co ¡.: r 11 eS 

in thcsc micc is charactcri1.cd by an extensive neutrophilia . that is 

responsible for a vari,ty of intlammatory cytokincs including IL-12. Normal 

levcls of IL-12 in IFN-y R 1 dcficicnt m ice appears to quarantee Th 1 

development. IL-4 seems to play little if any role for Th 1 responses after 

infcction with L. mo¡¡ocy ro¡;c ¡¡ cs or L. major on a resistan( hackground 

(129Sv). To the latter. mice (129Sv) doubly dcficient for IL-4/fFN-y Rl are 

similarly susceptible ·to L. mujr¡r as compared to mice (129Sv) dcficicnt for 

IFN -y Rl alonc. 

Th2 developmcnt in IL-4 llcficient mil:c. ~o far. has only been studied by 

.mcasurcmcnt oJ surrogatc 'Th2 cytokines (e .g. IL-5. IL-10) and typc 2 cffcctur 

:responses (e.g. cosinophilia). In !L-4 dcficicnt micc IL-S production and 

.cosionvphil" are · impaired but not absent sug¡;csúng thllt in vivo anothcr 

cytokine has a redundant activity for thc Clcvclopmcnt of Th2 cells. 

lntercstingly. we found that the residual IL-5 production and cosinophilia in 

IL-4 deficicnt mícc was dependen! on the genteúc background. in 11ddilion to 

JL-4. IL-5 production and cosinophilia was strong1y reduced In IL-4-deficicnt 

micc on thc 129Sv background but only vcry moderately rcduced on the 

.Balb/c · and . Bl/6 ·background . !!.leva te(! te veis of lFN-y (Thl default 

development) in IL-4-del1cient mice sccms to be partildly dependent for the 
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supprcssiun uf IL-5/~:osinophilia observed in 129Sv micc, becausc doubly 

deficlcnt mice (IL-4/IFN-y Rl) have a•l intermcdiate phenotypc 

(coslnophllia is still reduced compared to wild-typc but increasl:d compared 

to TL-4ko mlce). Thc number of eggs rccovered from the feccs uf dc:Iici~:nt 

mice lnfected with N. brasilicnsis showcd that an IL-4/lypc 2 response is 

beneficia!. whereas an IFN-y/type 1 response is unfavorable for thc parasite. 

Thc rcquircment or eosinphils for anti-parasitc responses and for the 

devclopmcnl or airway-hyperreactivity will be discusscd . 
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The Role of Cytokines and Ni trie Oxide in Infections 

FY Liew department oflmmunology, University ofGlasgow, Glasgow Gil 6NT 

There is considerable current interest in the role of cytokine inducible nitric oxide synthase 
(iNOS) in a variety of biological functions . Using a strain of iNOS-deficient mice, we have 
investigated the role of NO in leishmaniasis, malaria, Staphylococcus aureus and herpes 
simplex (HSV)-1 infections. iNOS-deficient mice are highly susceptible to these infections 
compared to wild type or heterozygous mice. Interestingly, in all cases, the mutant mice 
developed significantly higher Thl-type ofresponses compared to the resistant heterozygous 

mice, producing higher concentrations of IFN-y and lower concentrations of IL-4. This 
suggests that NO could ha ve a negative feedback effect on Th 1 cell development. 

Peritoneal macrophages from the infected iNOS-deficient mice produced significantly higher 
concentrations of IL-12 compared to those of the heterozygous mice. Furthermore, Human 
(THP 1) and murine (1774) macrophage celllines expressed markedly enhanced amounts ofiL-
12 message when incubated with an inhibitor of NOS (L-NMMA). This can be complete! y 
abolished by the presence of an NO donor (SNAP). These results therefore demonstrate that 
NO inhibits the transcription of ll..-12 which is required to drive the-development of Th 1 cells. 
This may be an important regulatory mechanism preventing the over-expansion of Th 1 cells 
which are implicated in a range ofimrnunopathologies 

Pathogens have evolved complex strategies to ensure survival in an immunologically hostile 
host environment. In the case of Leishmania, the parasite can modulate the synthesis of NO 
by infected macrophages using glycoinositol-phospholipids (GIPLs) and lipophosphoglycan 
(LPG), two of the major groups of surface glycolipids of the parasite. Furthermore, purified 
LPG can inhibit the expression of IL-12. These strategies contribute significantly to the 
survival of the parasites . 
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ROLE OF INTERFERON-INDJ!CED ENZYMES IN THE CONTROL OF VIRAL 
INFECIIONS. 

Mariano Esteban. Centro Nacional de Biotecnologia. CSIC. Campus Universidad 
Autónoma. Madrid. Spain 

lnterferons (IFN), exert a wide range of biological effects in cells leading to 
antiviral, antitumor and immunomodulatory actions (1 ). About 20 IFN-inducible 
genes are activated in response of 1he cells lo IFN, but the role of these gene 
products in the biological function of IFN is now beginning lo be elucidaled for 
sorne of them. Of the IFN-inducible genes, the two double-stranded RNA
dependent enzymes, protein kinase (PKR), 2-5A synthetase/RNase L system and 
nitric oxide synthase (iNOS), are thought to play an important biological role in 
thc antiviral and anticellular functions of IFN, but direct evidence is lacking. 
To show the antiviral function of these IFN-inducible genes, we have generaled 
vaccinia virus (VV) recombinants expressing individually each gene. Control 
of gene expression is regulated by either the E.coli lac I repressor/operator 
system or by the bacteriophage T7 RNA polymerase. Infection of cells with VV 
recombinants results in gene expression, if IPTG is added to cell cultures or if T7 
RNA polymerase is produced. When PKR is induced, there is a dramatic decrease 
in virus replication (2), as well as induction of apoptosis (3). We provide 
evidence that inhibition of virus replication is due to phosphorylation of the 
alpha subunit of the eukaryotic initiation factor eiF-2, while activation of 
apoptosis requires a different pathway. a cellular pro tease that cleaves the death 
protein polyA-ribose polymerase (PARP) . These effects are not observed with 
the catalytically inactive point mutant form of PKR (lys--arg 296) (4). When 2-
5A synthetase is induced , there is limited inhibition ·of virus replication. 
However, expression of RNase L alone leads to significant' inhibition of virus 
replication and this effect is enhanced by co-expression of ' 2-5A synthetase and 
RNase L. Inhibition of virus replication is duc to rRNA breakdown. When iNOS is 
induced, there is a marked inhibition of virus replication at the leve! of DNA 
synthcsis (5), as well as activation of apoptosis. 

Our findings show that PKR, 2-5 A synthctase/RNase L and iNOS part1c1pate in 
the antiviral and anticellular effects of IFN . The extent of the various 
biological effects appear to be regulated by specific inhibitors. By modulating 
these various effects we might be able to enhance the therapeutic efficacy of 
IFN in infectious diseases. 
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MIMICK!NG Ai'ID SYNERGISM OF CECROPIN A-MEUTTTN HYBRID PEPTJDES 

WITH MACROPHAGE ACTIVA TING CYTOKINES. NOPRODUCTION 1\ND 
LEISHMANICIDAL ACTIVITY 

Marta Vetasco•l, Pilar Díaz-Achirica"l, Maria J Díaz-Guerra•l, Manuel Fresno'', David Andrcud¡ 

Lisardo .Boscá •>y Lyjs Rivas•> 
•> __ Instituto de Bioquímica (CSJC-UCM) .Facultad de Farmacia. Universidad de Madrid. L> __ 

Centro de Investigaciones Biológicas. CSIC. Madrid , Spain, c>centro de Biología Molecular 

CSIC-UAM, Universidad Autónoma de Madrid, Madrid (Spain) . d) .- Departament de Química 

Orgimica.Facultat de Ciencies. Univcrsitat de Barcelona, Barcelona (Spain). 

The cecropin A-melittin hybrid peptide CA(l-S)M(l-18) shows a stroog lethal activity on 

Leishmania sp. proma:-.tigoles at micromolar concentrations by a membrane permeabilization 

mecbanism; by contrast, amastigotes in vitro are much less susceptible to direct pcrmeabilizing 

action ofthe peptide, but thcy were killed when infected macrophages are fed with liposome

encapsulated peptide. This suggest an indirect eft'ect, and in fact the peptide is able to induce 

transcription ofiNOS as well as production ofNO in treated Raw cells at peptide concentrations 

lower than 5 !llv1; higher concentrations induce macrophage necrosis as measun:d by LOH activity 

in culture supematant. Al concentrations around 1 ¡.¡M the peptide al so induces apoptosis in the 

macrophage. CA(1-8)M(l-18) interacts with LPS, and antagonizes its NO induction, even when 

LPS addition is previous the peplide, likely because the induction of other signalling pathways; 

although they are under progress, the peptide induces a sustained increases in intracellular Ca2
-, 

which could play a role in this phenomcnon. On the other hand , thc peptide sinergizes v.ith 

interferon-y and TNF-a in NO production. Induction ofNO lcvcls by other shorter hybrid 

peptide analogues ure lower and proportional to the their leishmanicidal activity. 

The role ofthe peptides as macrophage activating agents to bypass situations where the supply 

of activating cytokines is decreased is discussed. 
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Inhibition of IFN-a/~ activity by a soluble and membrane-bound 
IFN -a/~ receptor encoded by vaccinia virus 

Antonio Alcanú, JulianA. Symons and Geoffrey L. Smith 
Sir William Dunn School of Pathology, University of Oxford, Oxford OXl 
3RE, UK 

Poxviruses encode a broad range of proteins that inte1fere with host immune 
functions. Virulence factors that block complement activation, the antiviral 
effects of interferons (IFNs) or the activity of cytokines have been found , 
including soluble versions of receptors for tumour necrosis factor, interleukin-
1(3, IFN-y and IFN-a/(3. These virus-encoded cytokine receptors have a 
profound effect on virus pathogenesis and enable the study of the role of 
cytokines in virus infections. 

The vaccinia WR B 18R protein is secreted from infected cells and functions 
as a soluble receptor for IFN-a/f3. In contrast to the cellular counterparts, which 
have fribronectin type lll domains and are highly species specific, Bl8R has 
three immunoglobulin domains and binds IFN-a/f3 from severa! species. 

We have found that after secretion B 18R binds to both uninfected and 
infected cells. The B 18R protein present in the cell su~face maintains the 
binding properties ofthe soluble receptor, binding IFN-a(~ with high affinity. 
B 18R-coated cells are protected from the anti-viral state induced by IFN-a/(3, 
presumably because B18R competes with cellular receptors for binding IFN
a/(3. The replication of a B18R deletion mutant in tissue culture is restlicted in 
the presence of IFN-a whereas the wild type virus replicates normally. 

This represents a novel strategy of virus immune evasion in which secreted 
IFN-a/f3 receptors not only bind the soluble cytokine but also protect the 
uninfected cells from the anti-viral effects of locally produced IFN-a/(3, 
maintaining the cell susceptibility to virus infections. This will help vaccinia 
virus to replicate and spread in the host. 
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HOST-PARASITE INTERACTIONS IN TRYPANOSOMA CRUZI 

INFECTIONS_ ROLE OF CYTOKINES 

Manuel Fresno. · Centro de Biología Molecular "Severo Ochoa" . 

Universidad Autónoma Madrid 

Intracellular replication of the protozoan parasite Trypanosoma 

cruzi inside macrophages is essential for the production of the disease 

and the development of the parasite. The parasite is able to replica te in the 

cytoplasm of primary resident macrophages but it is killed by activated 

m acrophages. Thl or Th2 T cell lines, could be established from T.cruzi

infected Balb/c mice which specifically proliferated to parasite antigens. 

Culturing Balb/c macrophages with Thl clones or their cell-free 

supernatant but not with Th2 cell lines activated their trypanocidal 

activity. Furthermore, the trypanocidal inducing ability of Thl 

supernatants was completely abrogated by neutralizing anti-IFN-y and 

partially abrogated by neutralizing anti TNF-a antibodies. Furthermore, 

TNF -a had a synergistic effect with IFN-y on the activation of T. cruzi 

killing and on the production of nitric oxide (NO) by macrophages 

whereas TNF-a was less effective although it was also synergistic with 

IFN-y. More interestingly, both the NO production and the trypanocidal 

activity but not the superoxide generation induced in. :macrophages by 

TNF-a or IFN-y alone or in combination, were inhibited by N

monomethyl-L-arginine (N-MMLA), a competitive inhibitor of NO 

synthase activity. Furthermore, a good correlation between the levels of 

NO production but not with superoxide generation and trypanocidal 

activity induced by different lymphokine preparations was found. 1 

agr eement with this, infected Balb/c mice which were able to control 

T .cruzi infections with a poorly virulent strain, G, showed greatly 

enhanced parasitemia and mortality when treated with N-MMLA. 

In addition, differences in cytokine secretion by spleen 

macrophages were observed during "in vivo" infection of Balb/c mice with 

different strains. Spleen cells from the mice infected with the highly 

virulent strain MC were able to produce less TNF-a that those infected 

with the G strain. 

Uninfected macrophages were able to secrete large amounts of TNF 

and IL-1 upon stimulation with LPS. However, infected macrophages 

have an selectively impaired ability to secrete TNF but not IL-1. This effect 

takes place .at the leve! of translation since mRNA levels of TNF were 

greatly reduced whereas IL - 1~ mRNA levels remain basically unaffected. 
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Moreover, extracts of T. cruzi membranes were also able to mimic this 
effect when added to macrophages. Analysis pointed out that a recently 
described GPI-anchored "mucin-like", AgClO, as the protein responsible 
of this activity. This protein interacts with L-selectin on the membrane of 
macrophages and seems to be required for the entry of T. cruzi on those 
cells. This AgClO-L-selectin interaction alters signa! transduction events 
in macrophages that not only affects their ability to secrete lymphokines 
but also the ability to costimulate T cell cultures, since AgclO also induces 
a potent immunosuppression of anti-CD3 mediated T cell proliferation 
a nd IFN-y secretion. 

Altogether those data suggest that activation of macrophages by 
IFN-y and TNF-a produced by Thl cells is important to control T. cruzi 
infection. However, T. cruzi has evolved mechanisms to evade those 
respon~e by altering the activating and cytokine secretion ability and the 
costimulatory activity of macrophages 
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DETECTION OF CYTOKINE PRODUCING CELLS IN HEARTS 
FROM MICE INFECTED WITH TRYPANOSOMA CRUZ/. 

D.Sunnemark , A-K. Ulfgren, R.A. Harris and A.Óm. 
MTC, Box 280 Karolinska Institutet, S-171 77 Stockholm, Sweden. 

We demonstrate in this study the advantages of using an 
inn·acellular in situ technique for immunocytochemical staining of 
inflammatory infiltrates in hearts of Tlypanosoma cruzi infected 
CBA mice. This mouse strain develops a defined chronic heart 
disease upon infection with T. cruzi. 
We are using a methodology that measures cytokine production, 
enables analysis on single celllevel and distinction between 
producer and responder cells. We analysed the major pathological 
target organ of Chagas disease, the heart, and measured the 
synchronous productions of various cytokines at set time points 
dwing the course of infection. We also stained and characterized 
the CD markers of the inflammatory infiltrates, obtaining 
quantitative data by using computerized image analysis. Cellular 
inflltrates were recorded in heatts from both acute and chronic 
stages, but were not observed in control hearts. In the acute heart, 
CD8 cells predominated, with associated production of IL-4, IL-6 
and TNF-a. In the chronic heart cytokine production was 
chru·acterized by IL-4, IL-5, IL-6 and TNF-a and numbers of 
CD4 and CD8 cells were more equivalent. At this stage, calcified 
infarctions and associated fibrosis were apparent, mimicking 
chronic human Chagas heart pathology. We consider the CBA 
mouse an appropriate model of chronic T. cruzi infection, and 
suggest that local cytokine production measured by in situ 
immunocytochemistry methodology reflects establishment of heatt 
pathology. 
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Immune responses in an experimental malaria infection. 

Jean Langhome. 

Deparunent of Biology, Imperial College of Science, Technology and Medicine, London SW7 2BB, 

UK 

Mice lad:ing components oC lheir immune system or cytol:ines beca use of targeted gene disruption are 

powcrful IOOis wilh which to investigate immune responses in infectious disca~c modcls_ In ru1 

experimental malaria infection, Plasmodium chababudi chabaudi in mice deleted of diffcrcnt 

subpopulalions of T cells have provided convincing evidence that the critic-a! cells involved in 

protccuvc immunity to thc erythrocytic stages of infcction are aj3 CD4+ T cclls. 

Earlier studies suggested that CD4+ T cells were sufficient for the control of erythrocyte 

parasites wilhout a requ.irement loe B cells aod antibody. More recently sturues in defulitive models of 

B cell deficiency whcce B cells are lacking because of disruption of either lgM(~·"-ff or the junctional 

region of immunoglobulin heavy chain (JHD) clearly show that early control of the acule JY.!I"'.L~itcmia i~ 

possible without B cells. However. elimination. control of chronic infectioo and ~sistance to a 

secondary challenge infection are absolutely dependen! on B cells. Studies in ~t - MT mice have also 

demonsu-.ucd that B cclls may be important in regulation of T ccll responses. In thc chronic phase of 

irúection seen in these mice there is a subslantial increase in the nwnber and proportion of )'15 T cells in 

spleen and pcriphcral blood. Additionally therc is a sustaincd CD4+ Th 1 ~spon.~c characterised by 

incrca~~:d lcvt:ls of TFN-y. The increase in y& T cells appears to be thc n;~ult ,_,f chrvnic parasitcmia 

sincc rcduction of par.critemia by treatment with chloroquine rcstore ~ thc normal lc,·cl$ of thesc cclls. 

By contrast U1e TI1I response may be a direct rcsult of lhc b ck orB ccns. a~ reconstitutioo wiU1 B cells 

but not rcdoc,tion of parnsitemia with chloroquine. results in switch to Th2 re,1X-m:;es . 

Similar studies with cytokine-defective mice show Úl3l in the absence of IL-4 and IL-6. tr.e 

receptors for IFN-y and 1NF-a Utat rccovery from a primary infection is possible , suggesting either 

that immunity is indepcndcnt of thcse cytokines or that through redundancy in thc immune system , 

compensatory mechanisms have bceu upregulated. Regulatory cytokin~s such as IL-10 and IL-12 play 

key roles in the diífe.rentiatioo of the subsets of CD4+ T cells. Fe mal e ll.-1 O knock-out m ice infected 

with malaria are very susceptible to infection. with a significantly increased anemia and a 60 to 70°-i: 

monality rate . Death normally occurs within 20 da y of infeclion and rf."sembles lethal endotoxin shock . 

Analysis of cyLOkincs in thcsc micc showcd that IFN-y production wáS signific:u'ltly up-regulated 

compared with wild-type mice. suggesting that inflammatory pathways nonnally down rcgulatcd by 

IL-10 may be rcsponsiblc for thc lethal outcome uf a P. chabaudi infection. Thcsc studies maybe 

important in the immunop¡tthology associated with malaria infe~:tioos . 
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PROTECTIVE EFFECT OF IL-4 AGAINST GASTROINTESTINAL 
NEMATODES 
Fred D. Finkelman·, Suzanne Morris·, Jon Goldhillt, Kathleen Madden@, 

Caro! Sullivant, Terez Shea-Donohuet, and Joseph F. Urban, Jr.' 

·oepartment of Medicine, University of Cincinnati School of Medicine. 

Cincinnati, OH, USA; Departments of tMedicine and ® Pediatrics, Uniformed 

Services University of the Health Sciences, Bethesda, MD, USA; and #U.S. 

Department of Agrioulture, Beltsville, MD, USA. 
BALB/c mice infectad with the Gl nematode Heligmosomoides 

polygyrus develop a chronic 1 Q infection, but limit 2a infections with the S~rr'e 

parasite. Protection against a 2° infection is blocked by a neutralizing <FHI

IL-4 receptor mAb, while mice can be cured of a primary infection by 

treatment with IL-4. IL-4-mediated host protection acts on the adult parasite, 

is primarily antibody- and B cell-independent and is only partially dependent 

upon the presence of a specific immune system, since decreases in worm 

burden and egg production are seen in IL-4-treatad SCID mice. 
IL-4 is not required for BALB/c mice to expel N. brasiliensis, but can 

induce N. brasiliensis expulsion by SCID mice, or anti-CD4 mAb-treated 
BALB/c mice, which otherwise fail to expel this parasite. IL-4 must mediata 

expulsion by actions on lhe host. rather than directly on the worm, because 

tl'le effects of IL-4 on worm expulsion are blocked by a mAb to _the mouse IL-
4 receptor and because IL-4 does not induce worrn· expulsion from mice that 

lack a functional gene for Stat6, a molecule that is 1n;~portant in IL-4 signa! 

transduction. Observations that IL-4 is only partially effective at inducing 

anti-CD4 mAb-treated, mast cell-deflclent mice (w/wv mice or mice treated 
with anti-c-kit mAb), or 5-lipoxygenase-deficient (5LO KO) mice to expel N. 

brasilensis suggest mast cell and leukotriene involvement in IL-4-induced 

worm expulsion. lndeed, mast cell products, induced by IL-4, change gut 
physiology in a way that may inhibit worm survival. lncreased non

propulsive intestinal contractions ara sean in IL-4-treated BALB/c mice and 

mice glven a challenge infection with H. polygyrus , but not in IL-4-treated 

wlwv mice, 5LO KO mice orH. polygyrus-infected, anti-IL-4 receptor mAb· 

treated mice, and can be blocked in vitro by a specific inhibitor of the 

leukotriene 04 receptor. 
In addition to induction of increased smooth muscle contractility, IL-4 

treatment and H. polygyrus infection are associated with an increased 

intestinal chloride secretory response to the mast cell-produced 

secretagogue PGE2, which can be blocked in H. polygyrus-infected mice 

with anti-IL-4R mAb, with increased intestinal fluid content, with decreased 
resistance to intestinal ion flow, and with deoreased sodium absorption in 

response to glucosa. 
In sum, our observations indicate that IL-4 can protect hosts against 

gastrointestinal nematode infections and suggest that some of the protective 

effects of IL-4 are T and B cell-independent and are mediated by mast .cell 
products that result in changes in gut physlology (incraased intestinal 
contractions and net fluid content) that may interfere with parasite nutrition. 
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NEW ASPECTS OF Th CELL POLARIZATION. G. Thyphronitis E. Comoy, A. 
Capron and. M. Capron. U1671NSERM, lnstitut Pasteur de Lille, France. 

In the last few years, many studies have shown the importance of polarized 
immune responses (i.r.) on the outcome of several parasitic, infectious and allergic 
diseases. Based on today's knowledge, one may predict that Th cell polarization is 
a complicated process controlled by a number of factors including: the nature of 
the antigen and of the APCs, accessory molecules expressed on APCs that deliver 
different co-activation signals to T cells, cytokines produced -by lymphocytes or 
other cell types- early after exposure to a pathogenic agent or immunization with 
an antigen, etc. The sum of these different signals, will determine which cytokine 
genes will be activated and expressed by Th cells . Two lines of research are 
developed in our laboratory to better understand Th polarization. 

First, we examined whether eosinophils have immunoregulatory potential. lt 
is indeed well known that eosinophils are effector cells involved in parasitic 
infections, allergic manifestations and in most inflammatory processes. However 
the possibility that they exert immunoregulatory functions has not been thoroughly 
examined. By immunostaining, and mRNA analysis we demonstrate that the 
immunoregulatory cytokines, IFNy, IL-10, and IL-4 are produced by eosinophils. 
The intracellular content of cytokines was dramatically higher (up to 1 000-fold) in 
eosinophils, compared to PBMC, suggesting a storage process by eosinophils. 
Thus, our results indicate that through cytokine release eosinophils might exert 
wide range of functions, including T cell polarization. · 

In a different fine of research, we established a modei'system in which 
polarized immune responses were obtained against protein aritigens. Mice were 
immunized with the Schistosoma mansoni Glutathion-S-transferase (Sm28-GST, a 
vaccine candidate) using different immunization protocols. These experiments 
have shown that different sets of cytokines were expressed depending on the 
delivery system employed. Thus, immunization with Sm28-GST in alum induced a 
typical Th2 profile with high IL4 production and specific anti-Sm28-GST antibodies 
of the lgG1 isotype. In contrast, when genetically modified, Salmonella 
typhimurium expressing the Sm28-GST was used for immunization, a Th1 type of 
response was observed with high IFN-y and specific JgG2a responses. A mixed 
cytokine profile (IFN--y + IL4) was observed when Complete Freud's Adjuvant was 
used for immunizations. To determine whether the observed cytokine profiles were 
"dictated" by the delivery system, we examined the type of the response generated 
against Tetanus toxoid fragment C (TTC) after immunizations using the same 
adjuvants and vector system ( Salmonella also express TTC). lndeed, the cytokine 
and Jg isotype pattems expressed against TTC were very similar to the one's 
observed against Sm28-GST. These results strongly suggest that the type of 
immune response against sorne protein antigens is not dependent on innate 
antigenic properties but rather determinad by "environmental" factors. 

The experimental model described, is a useful one for studying mechanisms 
involved in the polarization of the immune response against protein antigens. We 
are presently examining two important questions: 1) whether the profile of 
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cytokines produced after primary immunization, will persist in subsequent 
exposures to the same antigen, and 2) by which mechanisms allergens polarize 
immune response to a Th2 profile. Preliminary data show that initial polarization 
persists even when rappel immunization is done using the opposite polarizing 
adjuvant. Regarding allergen induced polarization, our results suggest that 
allergens polarize immune responses mainly by inhibiting early Th1 (IFN¡) 
cytokine production. 
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SCHISTOSOMA MANSONI EGG-INDUCED EARLY IL-4 PRODUCTION BY 

PERITONEAL EXUDATE CELLS IS DEPENDENT ON IL-5 AND 

EOSINOPHILS. 

E. A. Sabin andE. J. Pearce. Department of Microbiology and Immunology. Comell University 
College of Veterinary Medicine, Ithaca, NY, 14853. 

The differentiation of antigen-specific Th2 cells is known to be largely dependent on the 

presence of IL-4 at the time of initial Th cell activation. The eggs of the trematode parasite 

Schistosoma 17UU1Soni provoke vigorous antigen-specific host Th2 responses. lt is hypothesized 

then, that the initial host response to schistosome eggs would include the early production of IL-4. 

We ha ve previously shown that peritoneal exudate cells (PEC) collected from naive mice 12 hours 

following intraperitoneal (i.p.) injection with schistosome eggs both transcribe the IL-4 gene and 

secrete IL-4 at higher levels than do PEC from PBS injected m ice. Moreover, the secreted IL-4 is 

rapidly bound by either membrane or soluble IL-4 receptor (IL-4R), as evidenced by the inability 

to measure PEC production of IL-4 in the absence of anti-IL-4R mAb; :s. manso ni egg injection 

also results in the rapid influx of eosinophils into the peritoneal cavity. The timing of the peritoneal 

eosinophilia corresponds with the peak of early IL-4 production by PEC. The egg-induced 

elevation in IL-4 and ·peritoneal eosinophilia was evident in nude, CD4+ cell-depleted and ~

microglobulin knockoutanimals, but not in mast-cell deficient (W/WV) or IL-5 knockout mice. To 

address whether or not IL-4 was necessary for the early eosinophil infiltrate at the si te of antigen 

deposition, differential counts on PEC from egg-injected wild-type and IL-4 knockout mi ce were 

performed and no difference in peritoneal eosinophil numbers was observed. Furthermore, 

peritoneal and serum levels of IL-5 in both wild-type and IL-4 knockout animals were significan ti y 

increased over that of PBS injected animals. Taken together, these data strongly suggest that egg

induced IL-5 but not IL-4 plays an essential role in recruiting eosinophils to the site of antigen 

deposition. In addition, eosinophils either make or indirectly promote egg-induced early IL-4 

production by PEC. Work is currently underway to investigate the relative importance of this IL-

5-dependent IL-4 for the developing egg antigen-specific immune response. 
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INfERLEUKIN-12: A PROINFLAMMATORY CYTOKINE WITH IMMUNORBGULA TORY 

ACTIVmES by Giorgio Trinchieri, The Wistar Institutel Phi1adelphia, PA 1?104 
Interleuk:in-12 (IL-12) is 'an peterodimeric cytoldne produced by phagocytic cells and 

other antigen-presenting cells in response to infections and other antigenic stimulations. The 

major target cells ofiL-12 are natural killer cells and T lymphocytes, on which ll.-12 induces 

production of cytokines, particularly interferon--y (IFN--y), proliferation, and enhancement of 

cytotoxic activity . IL-12 is rapidly produced when phagocytic cells or antigen-presentin2 cells 

are activated by infection, bacteria! products or exposure to antigen-activated T cells and induces 

production of IFN--y, which act.~ as a potent activator of the phagocytic cells. This early 

proinflammatory effect of IL-12/IFN--y sets the stage early in an immune response for the 

ensuing antigen-specific T cell response. Thus, IL-12 serves as a bridge between the innate 

resistance and adaptive immunity. Overall, IL-12 and IFN-'Y are required for efficient 

generation of Thl cells, which produce IFN--y and IL-2 and favor cell-mediated immunity and 

phagocytic cell .• ..:tivation, in contrast with IL-4, which is the cytok.me requircd for generation 

of Th2 cells, wh1ch produce IL-4 and IL-10 and favor humoral immunity. However, IL-12 has 
a priming effect on T ce lis for high production not onl y of the Th 1-type cytokine JFN_.,, but al so 

of the Th2-type cytokine IL-10. The presence of IL-12 during the first several days of in vitro 

clona! expansion in limiting dilution cultures of polyclonally stimulated human peripheral blood 

"naive" CD45RO· T cells also induces stable priming for high IL-10 production in CD4 + and 

CDS+ clones . Priming for TL-4 production , which requires JL-4, was inaximum in cultures 

conta.ining both IL-12 and IL-4. IL-4 modestly inhibited the IL--12-induced priming for IFN--y, 

but almost complete! y suppressed the priming for IL-1 O production. A proportion of the clones 
generated from "memory" CD45RO+ cells produced sorne combi.nation of IFN--y, IL-10, and 

IL-4 even in the absence of IL-12 and IL-4, suggesting in \'ivo cytokine priming; virtually all 

CD4 .. clones generated from either CD4:5RO(-) or (+) cells, however, produced high levels of 

both IFN--y and IL·l O when IL-12 was present during expansion. The ability of IL-12 to prime 

CD4 • and CD8 • clones for IFN--y and IL-1 O production was al so observed in PBL from 1 O 
HIV+ patients at various stages of the disease. These data suggest that intermediate types of Th 

cells, probably with regulatory functions in immune response and autoimmunity, may be 

generated in the presence of JL-12. 
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Induction of IL-12 by Toxoplasma gondii requires two biochemically distinct 
parasite signals. 

A. Sher, *Y. Morita, S. Hieny, H. Charcst, E. Grunvald, T. Kcrsten, D. Jankovic , +R.T. 
Gazzinelli and * P.T. Englund. 

Immunobiology Section, Laboratory of Parasitic Diseases, NIAID, Bethesda, MD 20892, 
*Department of Biological Chemistry, Johns Hopkins University. Baltimore, MD 21215 USA 
and +Department of Biochemistry and Immunology. UFMG, Belo Horizonte, Brazil. 

Toxoplasma gondii is a protozoan parasite which early in infection induces a strong IFN-')' 
dependent cell-mediated response that limits the intracellular replication of tachyzoites thereby 
insuring host survival. Interleukin-12 plays a key role in this innate resistance mechan ism by 
stimulating NK and CD4+ T cells to produce IFN-y. Macrophages are thought to be the major 
source of ll..-12 in the response and produce the monokine when infected_ with live tachy7.0ites 
or exposed to a soluble parasite extract (STAg). We have been characterizing the tachyzoite 
molecules responsible for ll..-12 induction and comparing them with those triggering the · 
produclion of TNF-a, another rnonokine involved in host resistánce . These activities are present 
in STAg as well as tachyzoite mernbrane fractions and are both heat stable (5, too•q but highly 
sensitive to periodate oxidation. In contras!, the IL-12 and TNF, O: inducing factors differ 
markedly in their susceptibility to protease dígestion, the fonncr being enzyme sensitive and the 
latter resistant. While nonnally insoluble in organic solvent, the TNF and residual IL-12 
inducing activities are readily extracted into butano! after proteolysis and have been partially 
purified by octyl-sepharose and thin !ayer chromatography. Thc resulting fractions possess high 
levels ofTNF-a but only mínima! ll..-12 inducing capacity Nevcrtheless, upon addit ion of IFN--y 
to the rnacrophages, these same glycolipid fractions induce high levels of IL-12. The above 
observations suggest that the protease sensitive element required for IL-12 stirnulation functions 
by inducing IFN-y or providing an equivalen! macrophage priming signa!. Since macrophages 
frorn class Il MHC knock-out mice are also deticient in thcir IL- 12 but not TNF-a response to 
T. gondii, the'relevant protein would appear to require interaction with this ce)) surface molecule. 
We currently believe that a superantigen activity previously identified by us in tachyzoites is 
likely to be the class 11 d~ndent protease sensitive element necessary for IL-12 induction. Thi,; 
factor appears to be biochemically dÍsÍinct from the parasít t~ glycolipíd molecules which serve 
as the trigger for monokine induction. 
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IL-12 production as a first line mechanism of defense 
in infectlous diseases 

Charles M. Dozoisl, Jean-Fran~ois Petit2, Genevieve Lemaire2, Alan Sher3, 
Stephanie L. James3 and Isabelle P. OswaJdl 

1 l..aboratoire associé INRA-ENVT de Physiopathologie et Toxicologie Expérimentales, 23 chemin des Capelles, 31076 
Toulouse cedex, France; 2 URA CNRS 1116, Université Paris-Sud 91405 Orsay cedex, France; 3 Laboratory ofParasitic 

Diseases, NIH, N1AID, Bethesda MD 20814, USA 

Interleuk.in-12 (IL-12) is a heterodimeric cytokine of 70 kDa (p70) composed of two unrelated 
chains, p40 and p35, encoded by separates genes. The production ofJL-12 during the early inflammatory 

response to pathogens participates in setting the stage and profoundly influences the characteristics of the 
ensuing adaptive immune response against pathogens. The activity of IL-12 induces generation ofTh1 
cells, which produce IFN-r and IL-2 and favor cell mediating immunity, macrophage activation and 

production of 1he opsonizing IgG2 isotype, and inhibits the generation of Th2 cells, which produce IL-4, 
IL-5 and IL-10 and favor humoral immunity and production of IgG1, lgE, and lgA isotypes. The 
presence of exogenous or endogenous IL-12 has been shown to elicit protective immunity in severa! 
vaccination pro1ocols. Here, we ana1yzed 10 wha1 ex1ent endogenous IL-12 production could be 
modulated by the genetic background, by the adjuvant used, and by the cell type targeted. 

In mice, genetic differences in IL-12 production can influence lh~ development of resistance in 
response to vaccination. Indeed, mice from 1he P s1rain fail 10 develop significan! resis1ance 10 
Schiscosoma mansoni infection after vaccination, and this fai1ure correlates with defects in macrophage 
larvicida1 activity. Splenocytes from either naive or vaccinaled P mice secrete less IL-12 !han splenocytes 
from vaccine-responsive s1rains such as C57BL/6. The impaired production of IL-12 by P mice 
splenocytes correlates with an increased synthesis of IL-4 and IL-10, two cytokines which down regu1ate 
macrophage ac1ivation. Nevertheless, splenocytes from both mouse strains were equally responsive 10 
IL-12, as measured by IFN-r synthesis. 

IL-12 synthesis was also found to mediate the adjuvant effect of trehalose dimycolate (ID M), a 
cell wall g1ycolipid of Mycobacteria . Although present in minor quantities, TDM is a potent 
immunomodulator which limits tumor growth and elicits protection against severa! microorganisms. We 
demonstrated that TDM injected intraperitoneally induces a rapid synthesis of IL-12p40 and IFN-r 

mRNA by peritoneal cells. Moreover, inhibition of IL-12 or IFN-r activity by neutralizing mAbs blocked 
antipro1iferative activity and the nitric oxide release by TDM-elicited macrophages. Thus IL-12 and IFN-r 

production represen! an obligatory step in TDM-induced activation of mouse peritoneal rnacrophages. 
Finally we demonstrated that not only macrophages but a1so epithelia1 cells , especially 

enterocytes, were able to produce IL-12. Indeed, the murine enterocytic cellline MODE-K produces IL-
12 upon cytokine (IFN-y), parasite (Toxoplasma gondii) and bacteria! (Salmonella typhimurium) 
stimulation. These results suggest that IL-12 production by epitheliál cells could influence the onset of the 
Th l/Th2 balance during microbial infection. 
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Neutrophii·Produclng IL·12 as lnltlator of Th1 Ceii·Medlated lmmunlty 
In Murtne Candldlaals 

Antonella Mencaccl, Ello Cenci, Giuseppe Del Sero, Francesco Bistoni and 
Luigina Romani. 
Microbiology Section, Department Experimental Medicine and Biochemical 
Sciences, University of Perugia, 06122 Perugia, ltaly. 

Recent studies in mica have shown that the outcome of mucosa! and systemic 
Gandida albicans infection is largely dependen! upon which CD4+ T helper (Th) 
cell subset predominates (1-3). Protective Th1 responses to virulent C. 
albicans cells are observad in genetically resistan! mica after vaccination with a 
live vaccine strain of the yeast, which will instead induce a Th2 response in 
genetically or otherwise susceptible mica. Th1 differentiation in vivo requires 
the concerted actlons óf al leas! four different cytokines, IFN-y, TGF-13, IL-6, 
and IL-12 (4-6). Although neutralizing antibodies to these cytokines may block 
Th1 development, neither IFN-y, TGF-13 or IL-6 are individually predictive of, or 
selectively associated with, Th1 development, as is the case for IL-12. 
IL-12p40 speclfic transcripts were found to be persistently expressed only in 
healer mica, being negatively regulated by the Th2 cytokines. These findings 
may predict a decisiva role of IL-12 in initiation of Th1 development in 
candidiasis. Analogous te the effect of IL-12 neutralization, depletion of 
neutrophils in resistan! mica leads to the onset of Th2 rather than Th1 
responses, suggesting that the latter cells participate in Candida-driven Th1 
development (7). As it is becoming clear that neutrophils may be considerad 
not only as . terminally differentiated effectors, but also as capable of 
synthesizing different cytokines (6), in the present study we investigated the 
immunomodulatory role of neutrophils in the generation of Th-dependent 
immunity in mice with candidiasis. Because the induction of protective Th1 cell 
responses in healer mica requires the activity of IL-12 in the relativa absenca 
of the counter-regulatory cytokines IL-4 or IL-10, the neutrophil's ability to 
ralease these cytokines was evaluated both in vitre and in vivo in mica with 
disseminated candldlasls. lt was found that neutrophils were endowed with the 
ability te secrete both IL-10 and IL-12, as as&essed by cytokine gene 
expression, protein production in vitro and intracellular cytokine localization. 
The neutrophil's secretion of these cytokines was differentially regulated in 
mica with healing or nonhealing infection, being IL-12 predominantly producad 
in healer mica and IL-10 in nonhealer mica. Secretion of IL-10 was also 
increased as a result of exogenous ll-12 administration in vivo. Neutrophil 
depletion prevented the development of protective Th1 responses in healer 
mice, but this intervention could increase resistanca of otherwise susceptible 
mica. Protectlve Th1 immunity could be efficiently restored in neutrophil· 
depleted mice by IL-12 administration, which resultad in cura of mice with 
dissemlnated candidiasis. These findings demonstrate that neutrophils, 
through release of cytokines, may play an active role In determining Th 
selection in mice with candidiasis, thus providing evidence for the 
interdependenca between the innata and the adaptive specific immunity in C. 
albicans infection. ln addition, their Th1 promoting role in vivo could be 
efficiently substituted by replacement therapy with IL-12. 
Supported by VIII Progetto AIDS, contrae! 9305-02, ltaly. 
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BrucelJa spp. rdease a specific, protease-sensitive, lnhibitor of TNF-a. 

expression active on human rnacrophage-like cells. Emmanuelle Caron, Antoine Gross, 

Jean-Pierre Liautard, and Jacques Dornand. INSERM U~Jl, Université de Montpellier ll, F-

34095 Montpellier 

Bruce/Ja spp. can establish themselves and cause disease in humans, but the mechanisms by 

which brucellae evade the antibacterial defenses of their host rcmain largely unknown·. Wc previously 

reportcd that, unlike Eschertchla cc/J Kl2, intracellular pathogens from the gcnus Brucella survive and 

multiply within U937-dtrived phagoeytes. To determine whether Brucella infection modulated the 

production ofTNFa., a central cytokine in the first-linc of defenses of host against foreign organism, we 

measured tbc biological acti.vity of this cytoldne in the supernatant af U937 cell-derived macrophages 

infected with different ~ruce/kz strains. Unlike E.coli, none ofthe Brucella strains testcd induced any 

measurable TNF-« r~ upoo infection, \\natever the bacteria have been preopsonized with anti

brucella JgG or not. RT -P.CR analysis and cytokine measurements demonstrated that Brucella-infccttxi 

U937 c:clls were acti.vated to cxpress IL-lJ3, Il..-6, IL-8, TGFJ3l both at the mRNA and protein levels 

whilc tbey did not accumulatc TNF-« mRNA. On the contrary, gentamycin (or chloramphenicol)-killed 

brucellae promoted a significant ex:cretioo of TNFa. and all the other cytokines from U937-dcrived 

macrophagcs. In addition, we showed that c:xogeneously added TNF-<t did rcstrict intracellular growth 

of virulent Bruce/la. When physically separated from macrophages, live brucellae irnpaired TNF-a. 

production in E. coli-infectcd cells. Moreover, in agonist-activated macrophages, supematants from 

Brucella cultures promoted an inhibition of the induction of both TNF-a expn:ssion and relcase, 

witbout affecting IL-1J3, ll..,-6 or IL-8 induction. These phenomena, observed whatever the Brucel/a 

stnliDs assayed, show that brucellae release sorne high m.w. factor(s) that specifically inhibits TNF-a 

c:xpreasion in activated human macrophages. The proteic nature ofthe factor{s) was demonstrat.ed by its 

beat- and protcase-sensitivcness and HPLC chromatography, and could explain why U937-dcrived 

macrophagcs did relea.se TNF-« whcn activated with gentamycin or chlommphcnicol-treated brucellae. 

Wc also fouDd that the Brucella factor(s) specifically acts on human macrophagic cells but not on 

murinc macropbage-like cells. Our findings provide direct evidcnce that a secretcd Brucella virulence 

faetor(s) inhibitiila TNF-« exprcssion might contribute to the evasion of Brucella organisms from 

human antimicrobial defenses. 
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l.t~ l:.l PHYSIOPA THOLOGICAL ROLE OF CYTOKINES 

E. Maggi & S. Romagnani 

Clinical Immunology and Allergology Dept., Istituto di Medicina Interna e 
Immunoallergologia, University of Florence, Italy. 

We provided definlte evidence that T cells similar to the murine Thl 
and Th2 cells can be demonstrated in humans, as well. Thl, but not Th2, T 
cell clones (TCC) produce IL-2, IFN-y and TNF-~, whereas Th2 cells 
synthesize IL-4 and IL-5. The most important concept is that different 
cytokine patterns lead to very distinct inflammatory responses. Thl cells 
promote both macrophage activation that results in delayed-type 
hypersensitivity (DTH) and production of opsonizing antibodies, 
particularly required for clearance of infection caused by intracellular 
organisms (phagocyte-dependent response). Th2 cells provide optimal help 
for production o{ antibodies (IgE included) that adhere to mast cells and 
promote both mast cell and eosinophil activation (phagocyte-independent 
response). The signals modulating the in vitro development of TCC specific 
for bacteria! and viral antigens are also examined. Preculturing T cells with 
bacterial antigen (inducing a Thl response) plus IL-4, a clear cut Th0/Th2 
shift of cytokine production by antigen-spedfic T cell lines and clones can 
be found. Similarily, the development of allergen-specific T cells into Th2-
like TCC is markedly inhibited by IFN-y plus anti-IL-4 antibody, IFN-a, 
TGF-P or IL-12. Polyinosinic/polycytidilic acid (Poly 1: C), a double stranded 
RNA which can mimic several viral intermediates, exerts a powerful effect 
on the development of allergen-specific T cells into TCC with Thl-like 
cytokine profile directly inducing the production of IL-12 and IFN-a by 
monocytes. Since recombinant IL-lRA exerts the same effect of Poly I:C, we 
can hypotheze that IL-1 can synergize with IL-4 in the development of Th2 
cells, whereas IFN-a and IL-12 can polarize the Th response towards Th1 
cells. Also hormones present in the microenviroment can influence the 
development of Th1 or Th2 cells: progesterone in bulk culture in the 
presence of specific antigen endowes PPD-specific T cells to develop T cell 
lines and TCC able to produce IIA and IL-5, in addition to IFN-y. On the 
other hand, relaxin modulates Th2 cells towards the production of Thl-type 
cytokines. An imbalance among different hormones can be crucial to 
maintain the local Th response (Th2-oriented) during pregnancy able to 
block foetal allograft rejection 

Very recently we focuse our study on membrane and soluble markers 
of Thl and Th2 responses. The lymphocyte activation gene (LAG)-3, a 
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member of the immunoglobulin superfamily, preferentially associates with 
TCC with Thl-type cytokine secretion, whereas the great majority of Th2 
clones shows neither surface LAG-3 nor LAG-3 mRNA expression. 
Following activation, the majority of CD4+ TCC also releases soluble LAG-
3-related peptides and such a release correlates positively with the 
production of IFN-y and mversely with the production of IL-4. LAG3+ IFN
g-producing CD4 cells were found in the lesional mucosa of patients with 
Crohn's disease, a condition characterized by a Thl-type response. 

On the other hand CD30, a member of the tumor necrosis factor
receptor (TNF-R)/nerve growth factor (NGF) receptor superfamily, 
preferentially associates with CD4 (and CD8) TCC producing Th2·type 
cytokines. ThO and Th2 clones show both CD30 mRNA and surface CD30 
expression and release soluble CD30. We have also shown that CD30-CD30L 
interaction can exert an important role in the differentiation of Th2 cells. In 
the presence of anti-CD30L ab we can derive allergen-specific TCC with Thl
like profile, whereas the anti.CD30 Ab with agonistic activity shows an 
opposite effect on the development (towards Th2-type response) of PPD
specific TCC. FIJ\ally, CD30+ T cells may play a very important pathogenic 
role during the' course of HIV infection. Indirect support for a bias towards 
Th2-type responses, recently proposed for HIV infection, was provided by 
the increased serum levels of sCD30 in early phases of infection, strictly 
related to a faster progression to full-blown disease. The elevated levels of 
sCD30 may be due to the presence of large numbers of CD8+CD30+ Th2-like 
TCC in the late phases of infection, or, more likely, to the continuous 
activation and/or death of CD4+CD30+ T cells. Support for this was 
provided by the demonstration that a proportion of in vitro HIV-infected 
CD4+ TCC (but not their noninfected counterparts) express CD30 antigen 
and, concomitantly with that, initiate to dye. We have also shown that 
CD30 triggering favors both the replication of HIV and the death of 
CD4+CD30+ cells. On CD4+ T-cell lines and clones generated from HIV
infected individuals the anti-CD30 . agonistic mAb exhibited a strong 
synergistic effect on HIV replication induced by the anti.CD3 mAb. 
Furthermore, paraformaldehyde-fixed CD8+ TCC consistently expressing 
CD30L, were able to increase HIV replication into CD4+ T-celllines derived 
from HIV-infected individuals, and more importantly, this activity was 
abrogated by the addition of anti.CD30L mAb. These data strongly suggest 
that HIV infection promotes CD30 expression in CD4+ T cells and that 
triggering of CD30 by CDB+ T cells expressing CD30L, may influence both 
the HIV replication in infected CD4+cells and their death. 
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1YPE 1/1YPE 2 CYfOKINES IN lllV INFECTION: INFLUENCE ON 
APOPTOSIS AND DISEASE PROGRESSION. 
Mario Clerici and Gene M. Shearer. Cattedra Immunologia 
Univers1ta Milano, Milano, Italy and Em, NCI, Nlli, Bethesda, MD 
28992 USA. 

We have pursued the analysis of cytokine production profiles in IflV 
infected patients in the framework of the Type 1 to Type 2 shift recently 
hypotesized to be an important pathogenetic factor in the progression of 
HIV infection. We briefly summarize here our latest results 
1) The TH1/TH2 hypotesis of HIV infection. New insights. 
We suggested that the immune dysregulation observed in human 
immunodeficiency virus (HIV)-infected individuals during progression to 
AIDS could be accounted for by a shift from a type 1 to a type 2 cytokine 
profile (rev in 1, 2) . Thus, we proposed that a dominant type 1 cytokine 
profile would be more protective against disease progression than a 
dominant type 2 cytokine profile. In additional studies regarding this 
hypothesis we have shown that ll.-12 (a type 1 cytokine which is defective in 
HIV+ individuals) _ enhances in vitro antigen-stimulated proliferation, IL-2 
and IFNg productlon of HIV+ patients (3). Additionally, in collaboration 
with the Clínica Endocrinologica, H.L. Sacco, Milano, we have proposed that 
the early endocrine. alterations characteristic of HIV infection could be 
responsible for the type 1/type 2 shift. Thus, an increase in cortisol 
concentration would selectively suppress CMI and type 1 cytokines, whereas 
the concurrent decrease in the concentration of dehydroepiandrosteron 
would have the opposing effect of favoring the production of type-2 
cytokines (4). 
2) Programmed cell death and cytokines 
To investigate how type 2 cytokines could account for a more rapid 
evolution of the disease we analyzed the influence of cytokines on 
programmed cell death (PCD). We verified the previous observation that 
HIV+ lymphocytes are particularly susceptible to TCR-induced PCD, and we 
observed that the extent of this PCD can be differentially modulated in vitro 
by type 1 and type 2 cytokines (5). Therefore, type 1 cytokines block T 
lymphocyte PCD whereas type 2 cytokines have either no effect or enhance 
in vitro T cell PCD (5). Additionally, PCD can be inhibited by antibodies 
against IL-4 and IL-10, and enhanced by anti-IL-12. Interestingly, TH1 but not 
TH2 lymphocytes are likely to be selective targets of PCD as only TH1 express 
the ligand for Fas (the interaction between Fas and its ligand induces PCD of 
mature lymphocytes). Thus, the increased susceptibility to PCD and the 
decline in CD4 counts characteristic of lllV infection could be related to a 
shift from the production of cytokines with a protective effect against PCD to 
the production of cytokines enhancing PCD. This would, iri"l. a self 
amplifying loop, worsen the imbalance of type 1 and type 2 cytokines by 
selectively killing type 1 cytokines-producing lymphocytes. Finally, we have 
shown that PCD in lllV+ individuals is induced by the interaction between 
CD4 and gp120 (and is prevented by pretreatment of PBMC with sCD4); is 
prefe~entially · observed in CD4+ T lymphocytes; and is mediated by 
lymphotoxin (6}. 
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3) Immunologic analyses in HIV + individuals with different pattems of 
disease progressjon 
We analyzed in vitro PHA-stimulated cytokine production by PBMC of 
adult HIV+ individuals with different patterns of disease progression 
(collaboration with the Clínica della Malattie Infettive H.L. Sacco, Milano). 
Thus, we analyzed cytokine production, prevalence of viral isolation, and 
surface markers expression of PBMC of 26 HIV + long term non progressors 
(LTNP); 28 HIV+ patients with progressive HIV infection (PI); and 24 HIV
controls (HC). We observed that 1) IL-2 and IFNg production is i:educed in 
PI patients compared to HC and LTNP; 2) IL-4 and IL-10 production is 
increased in PI patients compared to HC and LTNP; 3) prevalence of HIV 
isolation is lower in LTNP compared to PI, and the primary viral isolates in 
LTNP show a slow/low (S/L) phenotype; and 4) the elevated production of 
type 2 cytokines is paralleled by an increase in CD57+ CD4+ CD7-
lymphocytes. Thus, whereas a high IL-2, high IFNg/low IL-4, low IL-10 
cytokine production pattern is present in HC and in LTNP HIV+, the 
progression of HIV disease is associated with low IL-2 low IFNg/high IL-4, 
high IL-10 cytokine profile; increased prevalence of HIV isolation; and 
augmented percerttage of CD57+ CD4+ CD7- lymphocytes (7). 
4) Immuno-yirologic correlates of HIV infectjon. 
Finally, HIV isolability, rate of viral replication, HIV phenotype, type 1 and 
type 2 cytokine production, and CD4 counts were cross-sectionally analyzed 
in 63 HIV-seropositive individuals to establish correlations between 
virologic and immunologic markers of protection and progression. We 
observed that these markers are tightly correlated. Thus,· lack or low 
prevalence of HIV isolability and the presence of non-syncitium inducing 
strains are associated with the strongest type 1 cytokine production, the 
weakest type 2 cytokine production, and highest CD4 counts. Conversely, the 
isolation of highly replicating, syncitium-inducing HIV strains is associated 
with the weakest type 1 cytokine production, the strongest type 2 cytokine 
production, and lowest CD4 counts. Additionally, it was determined that the 
IL-2/IL-10 ratio best discriminates amongst different virologic scenarios. 
Therefore, the virologic and immunologic correlates of disease protection 
and progression are closely associated variables that clearly define two 
different subsets of HIV+ individuals (8) . 
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CLINICAL, TMMUNOLOGICAL AND VIROLOGICAL PARAMETERS IN 
CHILDREN WITH VERTICALLY ACQUIRED HUMAN IMMUNOimFICJENCY 
VIRUS {IllV-1) JNFI<}CTION SURVIVING LONGER THAN 8 YEARS. 
M.!i AngeleR Muñm;-Fcrnández. Rebeca Alonso Arias, Cristina Borner, Joaquín 
Navarro, Eva Obregón, "'Dolores Gurbindo and Eduardo Fernández Cruz. Servicio 
de lmnunologia and *Pediatría Hospital Gregario Marañón, Madrid, Spain. 

Childr<~n infectad with HIV-1 do not neccssarily develop AIDS and can he 
divided inl:o long-tcrm and short-term survivors. We examined long-term survival 
in dlildren perinatally infccted with HIV-1. We have studied 15 children wbo 
survivod longer than 8 years [defined as long-tcrm survivors (LTS)] and compared 
them with 6 dúldren who died ofHIV-1 related disease before 3 years [ahort-term 
>;urvivors (STS)J. Group A: 9 L'fS remained asymptomatic (Centet for Disease 
Control 1 CDCJ category N) with normal and stable CD4+ T cell counts despite 8 to 
12 years of HIV infeciion (35.44±3.09 % CD4). Group B: 6 I.TS (CDC category A) 
with lower CD4+ T cell counts (5.67±1.87 %CD4) who remain free of opportunistic 
complication¡¡ within 3 years of the CD4+ T cell count drop. This occurs even in 
ah!;encl:l of t.reaiment. 6 STS had AIDS and low CD4+ percent.ages (11±3 %CD4+ T 
cell~;). IIlV RNA in plasma wa~; detectable in all of the 21 HIV infectcd children. 
1'hc mean amowlt of HIV-1 in the plasma of the 9 LTS group A was lower than 6 
LTS group B aJJ. lower than those found in the 6 STS children (p<O.OOl). Infectíous 
IUV-1 could not- be isolated fi•om five children (from group A) despite multiple 
ail.empts using optimal protocols. Neverthelesf\, HIV-1 could be recovered from 
PBMC of the remained four children. The kinetics of replication in these four 
isolates was slow!low and none were considered to have a syncytium~inducing 
phenotype. By contrast, HIV-1 was isolated from PBMC all of 6 tbe children from 
group B. Two of t;hose HIV isolate¡; were slowllow and NSI. By contrast, four 
isolatcs wcre designated as rapid/high and were uniformly able to infected and 
indu<:e syncyt.ium formation (Sl). All 6 STS children carried viruses with 
cytopathie biologi<~al phenotype (rapid/high rcplication rate and SI viral 
phenotype). Plasma Ramples from our LTS had broad viral neutraliring activity in 
gen<".ral, especially when compared with the lack of neutralizing activi.ty of plasma 
samples from STS childrcn. Cytokine production of unstimulated and mitogen
iitimulatcd PDMC were evaluated in the 15 LTS children. No differences in the 
product.ion of IFN-y and IL-2 (type-1 cytokines) and TNF-a were detected hctween 
group A and B. In contrast, IL-10 (type 2 cytokine) production was augmented in 
group n. In summary, in the group A LTS children, HIV-1 rcplication appeared 
Lo be well contr.ollHd, with low viral load in plasma. Repeated attempts to isolate 
infectious HIV-l from five of the nine chil.dren were unsuccesful; in other four 
viral atLenuation was evideni. Thc levels of virus and the dogrece of immunity 
obscrved in these children could serve as important guideposts for the therapeutic 
and innUloprophyla<:tic efforts against AIDS. Four of six isolates frum group B 
LTS childrcn carried more cytopaihic hiological phenotypc and were more líkely to 
havc low CD4+ and mildly symptomatic infection. Moreover, thia study documents 
that snbstantial numhers of HIV-1-infected children remaincd free of AIDS 
illnesses (cwen untrtlated) for long periods (LTS) . Whereas, nt thc initíation of the 
study, STS ehildren with AIDS carried viruses with more cytopathlc biological 
chara<.:teristics, had significantly higher viral load anrl lower COl!+ ccll counts. 
Thc assoeiations observed here reinforce the important role played by host and 
viral factors in thc pathogenesis of IIIV-1 infcction. 
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MECHANISMS IMPLIC~TED IN THE CELL.GRoWrH TRIGGERED BY . 
. IL-2 OR.Ú.-4 ANO INTERLEUKI~ DEPRIVATION 

A. Re bolló; j. G6tnez .and C. Ma~tíriez~A. · · 

Dept. Imni.~nolo$fand Oncology~ CeittroNaciónai de Biotecnología, CSIC, 
. uni~er~Úlad Autónoma; DmpUs de Cantoblanco, 28049 Madrid ·. . 

1 ,. . . . •• • . • . . . . •• • . 

. . . 

Clonal exp~nsionoflymphocytes is initlated by the interaction of _ 
a,ntigen with the specific donally-dístribu~ed receptor, which triggers' cytÓkine 

-productjón az:¡d appropliate cytokine ~eceptor exp~essi~n . Subsequently~ 
cytokine:cytokine re,ceptor . iriteractions allow lyxriph()cytes .. ~o . unde~~o 
proiifer¡i.tion. 

. · _TSl is _a mutiile T c~ll line which was órlginally isolat~~ as ~n IL~9-
deperident clone and la ter fpund also . to · respona to IL-4 ~ Transfectión of 
human IL~2 recept,or a·; ~ . or. d~ chai~s allowed the generation of IL-2~ 
responsive cloneswhich stably express lqw, intermediate or high affinity fonris 
oí the llr.2 reCeptor: ':¡:he availab~ity .ofthi!rcellline,.which can be maintained 
in the prese11ce of either IL ~ 2or IL-4, might be u5eful {or scrutinizing the 

·. similariÚ~ ~nd differeri~ in .IL-i and IL-4~licited signaiing pathways .and · 
· ceUular tespo~se~. These hvo lfmphokirioes are relateci .to T helper subset 
.differentiation ·patterns, na'meiy the .Th2 population in the case of IL-4/IL-10 
.and the Tht sup5ei for IL-2/IFN-y. Thus, through its resemblance t0 an in vitro 

Thti"rh2 differentiation s~stem, our ceÚul~r model oper:ts the way to the 
analy~is o.( the mechanisms and change$ which Control the physiological · 
determination ofimimme resi>onses. . . . . 

. ()!lr ~esults ~ - ~ow the implication of the .prÓtein kina5e e (PKC) ~ and E 

isoforms in IL-2-induc_ed sign~ling path~ay~ . Int~restingly, IL-~ promotes 
TSlo.~ cell proliferation in the . presence .of PKC Oinhibitors or antis~~se 
oligo~ticleotiCÍes specific . for s~veral . P.KC isoforni.s. · s'ubsequent res\lits 
suggestcd that, during IL-2 stimul~tió~\ , ~PKC was redistributed from a 
subcelllJ,l~r cytosolic iocaHon to ~ cytos~eletal compartinent corresponding to 

• · actin sthic~res. This PKC isoform apf,earoo · to be ~ cheCkpoint ir\ the actin 
. .. cytoskeleton arrangement promotedby IL-2, but. riot py IL-4. In unravellihg 

~ the s'ignaling mech~nisttts connectíng ~PKC ac;tivity ,to actin cytoskeleton 
organization in ÍL-2~ b1,1t not IL-4-stlmulated 1súx~ ~ •. ~é identified tli.at the · 

. RhO fanÚly o f. GTP-biriding proteins, ph()sphatidylino~itol3 (~13) k;,r\ase, an~ 
· · ~PKC are critica! coirtp<)nentS in ~be tL-2-indu(:ed proliferative path~ay, · · 

. .. . :Finauy, ~e ha~e cha~act(l~ized Éas invoiv~merit in _the T5tal3 cenui~ 
·. ; Nspo~ to.lymphokine stii?uia . tio~ and deprivation:_ FiJ:St; the coi:nbine4~ 
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of adoJninant negative Ras mutant and.a tetracycline-controll~ expres~io~ 

s}'stem has ~nabled us i:o . define a critic~l role for 'R<i.s ,in th~ induction · of 
prolife,nition and prevent\on of apoptosis by IL-2, b.ut not.IL-4, . SE!cond; we 

. hllve found that Ras is activated upon lymphÓkine withdra~al, ~dthatthlsis 
· r~uired for induction of apop~osis 1n lyJ?phokine-deprived.Cells . . t~u death in 

.. the absence of lymphókines can be prevented by bcl~2 expression, whkh is a,lso 
switched on by· IL-2 . . Thus, Ras ~divation leads to eeil de~th u~less bcl-i ~ is . - . . · . _ .:_. . .. 
expressed .. • ·In · concordance with results from others, we propose that IL-2 
triggers three distinctsignaling pathways, represented by Ras activation, bcl-2 . . . . •. . . . . . 
expression ar\d c-mvc ~pr~ssion; respectively. 

Converse! y, IL-4 stimillates proliferation in the absence.ofRas' activation · 

¡md bcl~2 expression, or in the pre5ence ofdr1.lgs that inhibit Rho or ,PKC. 

Signals tran.sduced through the IL-4 receptor, which are· s~ill poor.ly 
. characteriz,ed, are, possibly mediated by tyrosine phósphorylation of the insillin 

receptor substraJ~-related molecule 4PS, whi.eh serves as .a docking protein 
for adapter molecules. · Interestingly, 4PS phosphorylation appears t0 be related 
to 'the absence of Ras activation ·in IL-4-stimulated cells. · Although 4PS 
phosphorylatioR is certéil.nly a proximal event to activation through the IL-4 
receptor, . the pdmary tt.ansdu~rs, which would in fai:t be re!Íp<msible for 
~etermini~g IL-2- or IL4-relatect responses, are still unkt>own. 

Th~ results of these studies have allowed us to derive a model which 

accoÚnts for the mechanis~s implicated in proliferatíon or; induction of 
prog~am~ed cell death, as well ~S the different sets of tfansducer molecul~ 
activated by IL-i or.IL-4. lt is hoped tha't the comparativa study of IL-2- or IL-

, 4~triggei:ed signals in á single cellill~r system will contrib~te to highlighting the 
key · bio!:hemical events which goyern lymphocytic pmliferative responses 

within a 'fh1 or Th2 framework. 
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Pathogenic: role of TNI"RZ, but not of TNFRt, in experimental cerebral malaria 

Rudolf LUCAS', Jin-Ning LOU', Pi erre JUILLARO'., Horst BLUETHMANN2 and Georges E. 

GRAU' 
1 
Laboratory of lmmunopathology, Dept. of anaesthesiology, Pharmacology and Surgical 

lntensive Care, Universlty of Geneva, C.M. U., Rue Micflei-Servet ·t, CH-1211 Gene va 4, 

Swítzerland, and 2F. Hotrmann-La Roche, division PRGT, CH-4002, Base!, Swifzerlsnd. 

The rapidly lelhal syndrome of cerebral malaria (CM) develops in sorne strains of 

mice upon infection wlth Plasmodium berghei ANKA (PbA). A crucial mediator of the 

neurovascular lesions appears to be tumor necrosis factor (TNF), found in high amounts in 

both experimental (Grau et al. 1987) and human CM (Grau et al, 1~9) . The brain pathology 

of human CM is comparable to that observed in CM-susceptible m ice, but the nature of the 

cells sequestering in the brain is different. Both human and murine syndromes are 

characterized by an upregulation of ICAM-1 on the vascular endothelium. This upregulation 

correlatas wlth an lncntased trapping of parasitized erythrocytes in brain microvesseis in 

huma·n CM (Porta ·et al, 1993; Tumer el al, 1 994) and of leukocytes in experimental CM. 

Our previous results have indicated that during CM, TNF is involved in the lnduction 

of ICAM-1 on brain MVEC, thereby leading lo increased interactions between platelets, 

expressing the llgand of ICAM-1, namely LFA-1 (Grau et al, 1993). SubsequenUy, piatelets 

will fuse lo the endothelial cells, giving rise to a fragilization of the endothelium and to the 

expression of platelet markers as well as of LFA-1 on the fused cells, tha1 can subsequently 

interact with ICAM-1 exp~ on sequestering leukocytes (Lou et al, submitted). 

Although TNF has been impiicated In the pathogenesis of experimental cerebrll 

malaria (CM), the respective role of liS two types of receptors has not been established. A 

signlficant increase In the expression of TNF-receptor 2 (TNFR2, p75), but not of TNFR1 

(p55), was found on brain microvessels at the time of CM in susceptible, but not resistan! 

animals. Moreover. mlce genetically deficient for TNFR2 (TnltZ') (Erickson et al, 1994) were 

signlficantly protected from experimental CM, in contraS! to TNFR 1-deficient (Tfnr1") mice 

(Rothe et al, 1 993), that were as susceptible as B6x129 control mice. 

In order to identify the fadors involved in !he protectioo from CM conferred by the 

lack of TNFR2, we assessed in both knock-out and control m ice 1) the serum ooncentrations 

of media1ors that are Clitical for the development of CM, 2) the relative sensitivity of brain 

MVEC towards direct TNF cytotoxicity, and 3) the upregulation of ICAM-1 in the brain 

microvessels. 

In mice from all three fines there was no significan! difference in serum levels of TNF 

and IFN~¡ . As expected, soluble TNFR1 (sTNFR1) and sTNFR2 were completely absent in 

the serum of the respective knock-out mice, whereas the serum leve! of the remaining 

sTNFR was normel. 

Although the sensltivity towards the direct cytotoxic adivity of TNF was significantly 

reduced in brain MVEC lsolated from Tnfr2• mice, as compared to MVEC isolated from w.t. 
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mice, this was also the case for the Tnfr1" brain MVEC. lnterestingly, the pronounced ICAM-

1 upregulation and leukocyte sequestration, that typically occurs in the brain microvessels of 

CM-susceptible animals, was detected in brain microvessels of infected control and Tnfr1' 

mice -both of which developed CM- whereas no such ICAM-1 upregulation nor leukocyte 

sequestration were observad in Tnfr2' mice, which were protected from CM. 

In contras!, the lungs of the 86x129, Tnfr1' and Tnfr2" mice isolated al !he time of 

the CM syndrome, all showed increased ICAM-1 upregulation. 

We thus conclude that TNFR2 signalled upregulation of ICAM-1 in the brain is of 

critica! importance for the development of the neuro-immunological complications of 

experimental malaria (lucas et al. submitted) and that. in contraS! to most TNF-induced 

palhological reactions described so far. signalling by TNFR2 rather than by TNFR1 is critica! 

for this syndrome . 

References 

Grau, G. E. L. F. Fajardo, P. F. Piguet. B. Allet. P H. Lambert. and P. Vassalll. (1987) 

Tumor necrosis factor (cachectin) as an essentíal mediator in murine cerebral malaria. Se/enea 237, 

1210-1212. 

Greu, G. E., T. E. Taylor, M. E. Molyneux, J. J. Wirima, P. Vassalli , M. Hommel, and P. H. 

Lambert. (1989) Tumor Necrosis Factor and Disease Severlty in Children with Falciparum Malaria. N. 

Eng/. J. Mod. 320,1586-1591. 

Porta, J., A. Carota, G. P. Pizzolato, E. Wildi, M. C. Widmer, C. Margairaz, and G. E. Grau. 

(1993) lmmunopathological chang~ in human cerebral malaria. Clín. NIH.Iropathol. 12. 142-146. 

Tumer. G. D. H .. H. Morrison. M. Jones. T. M. E. Davis, S. LooareesLrWan. l. D. Buley, K C. 

Gatter, C. l. Newbold, S. Pukritayakamee. B. Nagachinta. N. J. White. andA R. Berendt. (1994) An 

immunohistochemical &tudy of the pathology of fatal malaria -Evidence for widespread endotl\ellal 

activation and a potential role for intercellular adhesion molecule-1 in cerebral sequestratlon. Am. J. 

Patho/. 145,1057-1069. 

Greu, G. E., F. Taechini-Cottier, C. Vesin. G. Milon. J. Lou. P. F. Piguet. and P. Juillard. 

(1993) TNF-induced microvescular pathology: active role for platelets and importance of the LFA-

1/ICAM-1 interaction. Eur. CytokineNetw. 4, 41~19 . 

Rothe, J., W. Lesslauer. H. Loetscher. Y. Lang, P. Koebel, F. Kontgen, A. Althage, R. 

Zinkemagel, M. Steinmetz, and H. Bluethmann. (1993) Mice Lacking the Tumour Necrosis Factor 

Receptor-\ Are Resistan! to TNF-Mediated Toxicity But Highly Susceptible to lnfection by Listerla 

monocytogonn. Nature 364, 798-802. 

Erickson, S. L .• F. J . Oesauvage, K Kikly, K. Carvermoore, S. Pittsmeek, N. Gillett. K. C. F. 

Sheehan, R. D. Schreiber. D. V. Goeddel, and M. W. Moore. (1994) Decreased sensitivity to tumour

necrosis factor but normal T -cell development in TNF receptor-2-deficient mica. Natura 372, 560-563. 



Instituto Juan March (Madrid)

66 

TNF in malaria: an evolutionary balance 

Dominic Kwiatkowski , Institute ofMolecular Medicine, Oxford 

Earl y in the course of malaria! infection, the host produces tumour necrosis factor and other 
cytokines. TNF is released by monocytes and macrophages in response to toxins that are 
released into the bloodstream when parasites rupture to release their progeny. The clinical 
result is a febrile illness which generally resol ves within a few weeks, but excessive TNF 
production may lead to fatal complications such as cerebral malaria. This provides a 
paradigm for addressing sorne fundamental questions concerning the innate host response to 
infection. What parasite molecules stimulate TNF production? What causes the abnorrnally 
high levels of TNF production that lead to severe pathology? Is this genetically regulated? 

A key question is whether individuals differ in their propensity to produce TNF in response to 
malaria! infection. A rough measure of individual variation is provided by the amount of TNF 
produced by whole blood stimulated with whole parasite lysates. In a group of over 300 
healthy European adults who were sampled on multiple occasions, we found stable 
differences of over ten-fold in TNF output. Preliminary results from a study of Gambian 
twins show that TNF responsivess is more concordant among monozygous than among 
dizygous twin pairs. These findings indicate that the TNF response to malaria has a genetic 
basis. 

Approaching the same problem from a different direction, we have been investigating the 
relationship between polymorphism ofthe TNF promoter region and susceptibility to severe 
malaria in African children. In a large Gambian case-control, we found that homozygotes for 
the -308g->a variant ofthe TNF promoter region hada substantially increased risk of 
developing cerebral malaria. More recently we have found another variant, -2388 .... ,, to be 
associated with susceptibility to severe malaria! anaemia in two populations of different 
genetic background. It is importan! to note that these associations are independent of 
variation in surrounding HLA class 1 and class II regions. We postulate that the two variant 
alleles act in different ways to modify the TNF response to malaria, and thus have different 
effects on cerebral malaria (an acute complication) and on severe malaria! anaemia (which is 
more likely to be due to chronic or repeated infection). Cellular studies to test this hypothesis 
require the relevant stimulus, ie the major TNF-inducing toxin of Plasmodiumfalciparum. 
This we have purified by quantitative biochemical fractionation: it is a proteolipid structure, 
bioactive in the order of lOOpM, which rapidly induces NF-KB binding to the TNF promoter 
region. The purified toxin is currently being utilised to analyse the effects ofthe -238 and-
308 polymorphisms on reporter gene expression and DNA-protein interactions within the 
TNF promoter region. 

Independent studies are yielding associations between TNF promoter polymorphisms and 
susceptibility to other infections, including leprosy and tuberculosis. For any given infection, 
there is likely to exista leve! ofTNF response that provides maximurn protection with 
mini mal risk of pathology. However the optimal host response will not be the same for al! 
infections since, even within P. falciparum, parasite strains vary widely in their ability to 
induce TNF. High TNF producers may do well in one type of infection and poorly in another. 
If these considerations are correct, then it is likely that future studies will reveal a high degree 
of functional polymorphism in genes that regulate the innate host response to infection. 
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rHuGM-CSF EMPLOVMENT FOR 0Pl'OR'l'UNIS1'1C DRl"G-RESlSTANT INFECTIONS IN 
AIDS 

C.apettl A., Bonjantt P., Gtanl G., Rtzzardtni G., ° Crcmonl M. J •. c.'ld Milauo F 
1" Department of/njectlous Dtseascs, "Lutgl Sacco" Hospital, Mlan and 0Dcpartment oflnftcttous 
Dlseases "S.Gerardo" Hospital, Monza 

Objectlve: To detennine the efficacy and safety of rHuGM-CSF !n HIV positive paticnts with opportunistic 
drug-rcslstant infcctions . 
Methods: Sincc May 1995 n11 patients with ornl or/Dlld oesop~eo.l cail.didiasis rcsl.stant to treatrnent with 
systemic imidazoles and patiQills affcctod by cryptosporidiosis unrcsponsivc to paromomyoin 4,3s/day 
obsorvod in our Dopartments have bccn enrolled in an open, obsezvational pilot atudy. Main inelusion critcria 
were seropositivity for;HIV, leueoponia, antirctroviral trcatmcnt. Main cxclusion critcria worc creatinine > 2 
mgldL, prcgnaney, prcsencc of Candtda kruzel strains, pr=cc of causes of diarrhoea othcr than 
cryptosporidiosis, myoloproliferativc di soases, treatmcnt with drugs that eould incrcase the growth of candida ( 
i.o. eortieostcroids) or eould docroasc thc efficacy of a1.olc thcl'ep}· (i.o. rifampin, rifabutin, H2 anta&onists) . 
Drug resistance was assessed on a clinical basis: the patie11ts ha.: assunted ali thc oommercial azoles at thc 
highest dose for at least two weeks each without clinical benefit (eandidiasis) or had bcen treated with 
parontomycin 4,3 g/day for at lcast 1 O days without minimal m:itJction of tho diarrhooa (cryptosporidiosis). 
AU the paticnts oontlnuod thc antimleotic or antiparasitic drug tb:y \'I'Cf'C assumi"8 at the time of cnrollmcnt. 
Comploto medica! history, physical oxam, oral/ pharingeal culture exam (candidiasis), diroct roscarcb of 
pl!l'asytos on stool (cryptosporidiosis) and blood work (includins HIV antiscncmia) woro perfonnod at time O, 
7, 14, 21 , 2K and 42 ofthe study. Biliary fluid for cryptosporidium was eollcctod at time O and 28. 
Results: Cgndldtasts: Eight patients havc bccn onrollod until o.."'W; 6 paticnts rccciving zidowdinc and 2 
zalcitab!ne, presenting less than 50 CD4+ cclls/nunc, trcated for 1 to 3 years with every kind of antifunsal 
trcatment actually in use except i.v. amphoterycin 8 (ketoeona.role, itraconazole, oral or i.v. flueonaz.olo), 
although difl'ering for the duration of thc single thcrapics and the ordcr of the BC>QUCilCC. All the patients werc 
assuming the last drug (in threc cases itraconazole and in thc cthers fluconaz.olc) from at loast 14 days 
without improvement. GM-CSF was administered 150 118 per day (weight < 60 Kg) or 300 118 per day 
(weight > 60 Kg) for 1 O days. Six paticuts showcd complete clini:al and culture rcsolution in 10 days, paticnt 
7 had only partial olinical rcgression whilc pationt 8 had no clinical improvement over the treatment time. 

Crmtoswrldlosls: Two patients have bcen cnrollcd uro1 now, both rocciving zidowdino (17 and 21 
montlts) and both \\~th loss than 50 CD4+ /mmc. Ono had bcal trcatod with parontotnycin 4,3g/day for ten 
days, whilc thc othor had also trlcd a four wcoks' parcnthesis with lcv31nisol+spymmycin. Both nt enrollomcnt 
wcro on paromomycln, and both showod prompt clinical rcsJ'(lm: to rHuOM-CSF(c:cssation of tho diarrhooa 
in 2 days), but relapsed at thcrapy discontinuation and rcquircd 'arious cycles (4 and 6). At present paticnt 1 
is in very good eonditioJIS 8 months after tho diagnosis and stoprod assuntins paromomycin and OM-CSF 3 
months ago, cryptosporidiosis havins boon oradicatod. Patient 2 had biliary tract involvomcnt, oontinuod to 
excrete oocysts and although cxpcriencit'8 reduction of tlie diarlhJca at evcry OM-CSF cycle had progressive 
worsenins genern! eonditions and died after 9 months. Tite general tolerability ofthe drug was fairly sootf. 
Concluslons: Although the small number of cases cnrolled to dáe does not allow us to draw any definitivo 
eonclusions, the·results eonfimt that GM-CSF plays 811 importmt role in the immunc responso, not mcroly 
incroaslng tho numbcr of noutrophils nnd macrophagcs, but also mhanciog tlteir activity against lntraccllular 
infcctious agcnts. Wc mean to continuc tho study and are plaming to cxtcnd it to tho trcatmcnt of drug
rosistant MAC infections. 
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Alterations in cytokine production and cell proliferation of 

human mononuclear cells induced by a mucin-like (AgClO) 

from T. cruzi 

Juana L. de Diego and Manuel Fresno 

Centro de Biología Molecular-CSIC. Universidad Autónoma de Madrid. 
Madrid, Spain. 

ABSTRAer. Inununosupression has been reported in the acute phase of TrypG1Wsoma 

cruzi infection but subside during the chronic phase. In vitro, living T. cruzi induces 

important a!tc;rations in mitogen-activated human T and B 1ymphocytes and inhibits their 

capacity to proliferate. Recently, we have characterizated a novel antigen of T. cruzi as a 

mucin-like m>r~glycoprotein containing about 65% carbohydrate (w/w) including sialic 

acid, termed AgC10. 1n this work we checked whether AgC10 would induce alterations 

in the immune response and if it would be associated to cytokine production changes 

during human mononuclear cells in vitro proliferation. A significant inhibition in the 

leve! of eH] thymidine inco~ration by PBMC stimulated with the mitogens anti-CD3 

or PDB ensued when AgCIO was added to the cultures. This alteration that AgC10 

causes in the proliferation of human PBMC was associated to marked disminution in 

the leve! of IFN-y production, a cytokine involved in the recovery from T. cntzi 

infection. Thus, human T lymphocytes stimulated with T -cell-specific mitogen anti

CD3 manifested a suppressed capacity to proliferate when the AgC10 was added. The 

potential capacity of AgClO to inhibit human T lymphocyte proliferation and to reduce 

IFN -y production verifies the reported differential regulation of IFN -y production 

during the course of both natural murine and human infections by T. cruzi. However no 

inhibition of eHJ thymidine incorporation by human macrophages stimulated with the 

mitogen LPS or without stimulation was observed. Otherwise we detected a higher 

levels of cytokine IL-113 production in the culture of human macrophages with AgC10 

from T.cruzi. This increment in the leve! of IL-113 production by the macrophages was 

accompanied by AgC 10 induced-cellular aggregation. Also the AgC 10 induced

aggregation was blocked by monoclonal antibodies against AgC 10 and by pre-treating 

macrophages with azide. The increment in the leve! of IL-113 production by the 

macrophages in presence of AgClO also confmns the evidence that monocytes infected 

by T. cruzi induce higher IL-113 levels. 
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Effect of cytokines on the infection of CBA mice with L. amazonesis. 

Peter Klma, L. Soong, N.H. Ruddle, and D. McMahon-Pratt. 
Vale Unlversity School of Medicine, Department of Epidimiology and Public Health. 
New Haven CT 06520-8034. 

Leishman/a Jnfect macrophages of thier veterbrate host, reside in a parsitophorous 
vacuotu wlthtn these cells, and then cause a spectrum of dlseases dependent In large 
part on the parasite specles. There is ample evidence that immunlty to leishmaniasis 
la dependont on approprlate activation of thc cellular immune response. lt should 
however, be expected that different effector responses may be required to limit 
infectlon wlth aach of these species. To ascertain the role of cytokines. including IFN
gamma, TNF and ll4, In protection of CBA/J mice against L. amazonensis, adoptiva 
transfer experiments were performed using cloned antigen soecific C04 + T celllines . 
CD4 + T celllines reactive to the protective leishmanial antigens GP46 (Sita 5) and P8 
(P8/5) were derived. The Sita 5 T celllines secrete INF·g, ll4 and TNF, while the PS/5 
T cell line secretés IFN·g, TNF and no IL4, in response to antigen stimulation. We 
show that the presence of ll4 has little influence on the course of the lnfection. The 
role of the other cytokines are discussed . 
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Induction of the Tumor Necrosis Factor a production by human 
hepatocytes in Hepatitis B Virus infection 

Enrique Lara Pezzi, Manuel López Cabrera 

Unidad de Biología Molecular, Hospital de la Princesa, Universidad 
Autónoma de Madrid, Diego de León, 62, 28006 Madrid 

Tumor Necrosis Factor a (TNFa) is a multifunctional cytokine that 
has an important role in the pathogenesis of inflammation, cachexia and 
septic shock. Although TNFa is mainly produced by macrophages, there is 
evidence regarding TNFa production by cells that are not derived from bone 
marrow. TNFa production by Hepatitis B Virus (HBV) infected human 
liver has been described by us previously at both mRNA and protein levels. 
In addition, transfections of HepG2 hepatoblastoma cells with either HBV 
genome or ~x gene resulted in induction of TNFa expression. Our results 
demonstrated that HBV infection induces, both in vivo and in vitro, TNFa 
production in hepatocytes in the absence of other inflammatory stimuli, and 
indicate that the HBx protein may regulate the expression of this cytokine. 
Transient cotransfection experiments using HBx-expression vectors and 
TNFa promoter-derived reporter plasmids indicated a trans-activation of 
this promoter by the viral protein. 

Interferon a (IFNa) is commonly employed in the treatment of 
patients cronically infected by HBV. This cytokine is known to inhibit HBV 
replication by interfering the viral transcriptional regulatory elements. We 
investigated whether the clearance of viral transcripts by treatment with 
IFNa of the cellline HepG2-2.2.15 (stably transfected with HBV) affected the 
levels of TNFa expression. We have found a clear correlation between the 
expresion of viral transcripts and TNFa m~A. 
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Cytokine expression in Caprine Arthritis Encephalitis virus 
(CAEV) infection 

Franziska Lechner#, Hans-Rudoff Vogt#, uta von Bodungen#, Heng F. Seow"", Andreas 
Zurbriggen '1~ Giuseppe Bertonfl and Emst Peterhans# 

lnstltute of Veterinary Vírology# and Animal Neurologylf~ Unlversity of Berne, 

Switzerland, CSIRQ«l, Dept. of Animal Healt!J, Australia 

CAE virus is a lentivirus related to Maedi Visna virus, FIV, SIV and HIV. 
lnfection of goats with CAEV does not cause immunodeficiency but leads 
to chronic inflammation of joints, lung and mammary gland. The 
progressive chronic ínflamrnation is characterized by infiltrates of 
macrophages, T and B lymphocytes as well as increasing numbers of 
plasma cells. Because of its histopathological similarity, CAEV-induced 
arthritis serves as a model for human rheumatoíd arthritis. 
Severa! lines of evídence suggest that CAEV induces a Th2 type 
immune re'sponse but cytokine expression in infected goats has not 
been studied to date. 
Since monocytes/macrophages are the main target of CAEV in vivo 
we are interested in the role of these cells in the pathogenesis of 
arthritis. We tested the hypothesis that CAEV can alter the pattern of 
cytokine expression in macrophages. lndeed the expression of 
severa! cytokínes is dysregulated in infected macrophages in vitro. 
For example IL-12 p40 RNA is similarly downregulated by CAEV as in 
HIV-infected macrophages. 
Additionally we performed time course experíments in vivo to follow tlle 
spectrum and kinetics of cytokine expression in joínts after intracarpal and 
intravenous ínfection of goats. In sítu hybridisation (ISH) experiments 
showed early and co-localised expression of viral RNA and IFNy RNA in 
synovial membranas both of which at later time points became 
undetectable by ISH. Other cytokines such as TNFa., IL-6 and MCP-1 are 
expressed throughout the time course. In goats with severe clinical 
arthritis viral RNA became detectable again in synovial tíssue but IFNy 
transcripts remained very difficult to detect. Together with the high 
numbers (>50%) of plasma cells found in arthritic goats these findings 
suggest a switch to a strong and non-protective humoral immune 
response but more studies are needed to proof this hypothesis. 
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CYTOKINES IN THE IMMUNOPATHOLOGY OF LEPROSY NEUROPATHY 
TNF : THE PROGNOSTIC MARKER OF LEPRA ~EACTION 
S.K. Parida 
lnstitute for Medica/ Microbiólogy & /nfectionsimmuno/ogy, Justus-Uebig Universify, Giessen, Germany 

Reactions in leprosy consist of severe inflammalory episodes aauss lhe spectrum of lhe disease leading 
lo massive tissue deStruction of which nerve damage ls lhe prime componen!. Neuropalhy, lhe major 
morbidily factor in leprosy, is lhe resull of host's immune response lo lhe causative organism 
Mycobacterium /eprae, which has a predilection for skin and nerves, especially Schwann cells. 
Palhogenic hypolheses lo lhe host's immune response involves various sets of lmmunocompelenl cells 
and lheir secrelory products, among which lhe cytokines. The hypolhesis we addressed is lo which extenl 
a given sel of cytokines produced in excessive amounts is involved in lhe lriggering of lissue lesion(s). 

Significantly elevaled levels of TNFcx, IL-1P. IL-6 and IL-8 in serum of palients wilh lepra reaction have 
been reported by our group in cross-sectional studies of patients from Delhi and Dakar. The levels were 
found high during lhe episodes of reaction and the LL category. The le veis correlated with the severity of 
nerve damage. The prognostic significance of serum TNFa. and IL-1 p levels in predicting lepra reaction 
was reported from lhis study. 

A recent longitudinal study of patients was conducted in a double-blind manner In 160 patients. These 
patients were followed up .clinically over two years period and their circulating TNF levels were measured 

by ELISA (Medgenix, Fleurus, Belgium) at periodic intervals. Al the end of the study the codes were 
broken and the levels were correlated with their neurological, clinical and trealment status. Patients with 

TNF level >60 pg/ml developed subsequent reaction and leprosy neuropathy. The Predictive value of the 
serum TNF level over 60 pg/ml was 97.2%. Patients with very high levels of serum TNF atlhe first bleed 
point manifest with perrnanent neurological deficit in course of their therapy irrespective of the time gap. 
Neurological deficit was found up lo 9 months after initial diagnosis confinming its use as a prognostic 

marker for deterrnining the palien! al risk. The coiTelation of circulating TNF level with the conventional 
therapy of steroid and thalidomide has also been demonstrated. 

We have investigated the mechanism of neuropathy by studying various cytokines and adhesion 
molecules at lesiona! level in the nerve biopsies of leprosy patients using immunohistochemistry. 
Elevated expression of TNFa. in the granuloma areas was observed implying its direct role in the 
immunopathology of nerve damage. There was strong immunostaning for ICAM and LFA-1 . The lesions 
were infiltrated with activated T cells and macrophages as evidenced by CD3, CDB and CD68 staining . 
Lesiona! cells expressed HLA-DR suggesting activation by IFN--y. Thus, the pathology seen in the forrn 
of axonal degeneration and segmenta! demyelination in nerves of patients are medialed by TNFa. and 

other adhesion molecules like LFA-1 and ICAM-1. 
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M.DORAPASCUALSALCEDO 
Inmunología. Hospital La Paz 

Paseo de la Castellana 261 
28046 MADRID (Spain) 

lW.e. : SOLUBLE IL-6 RECEPTOR AND IL-6 LEVELS IN SERUM ANO 
SYNOVIAL FLUIS OF PATIENTS WITH DIFFERENT ARTHROPATHIES. 

Objectjye. We studied IL-6 and soluble IL-6 receptor (siL-6R) in 
serum and synovial fluid (SF) to investigate its role in different 
arthropathies. 

Methods. IL-6 was measured by ELISA and bioassay and siL-6R by 
ELISA, in 11 O sera and 73 SF samples from 49 patients with 
rheumatoid arthritis (RA), 20 with crystal deposition disease 
(CDD), 17 with osteoarthritis (OA), 24 with other arthritis (OlA) 
and 1 00 contr.ols. In all patients, disease activity was assessed by 
laboratory parameters (ESR and CRP) and in patients with RA and 
OlA pain, tender and swollen joints, Ritchie index and morning 
stiffness was also evaluated. In SF total leucocyte count (TLC) was 
determined. 

Results. There was a good correlation between IL-6 ELISA and 
bioassay levels both in serum (r=0.62, p=0.0001) and in SF (r=0.72, 
p=0.0001 ). Serum IL-6 was detected only in patients with 
inflammatory arthritis and SF IL-6 was detected in all patient 
groups. Serum IL-6 levels correlated with swollen joints (r=0.35, 
p=O.OS), ESR (r=0.46, p=0.001) and CRP (r=0.46, p=0.001) in RA, and 
with CRP (r=0.89, p=0.0001) in CDD. SF IL-6 correlated with ESR 
(r=0.54, p=0.007) and CRP ( 0.42, p=0.04) in RA, with SF TLC 
(r=0.61, p=0.004) in CDD and with SF TLC (r=0.61, p=0.09) in OA. No 
correlations were found in the OlA group. siL-6R was found in 
significant amounts in sera of controls and was also detectable in 
all patient groups whilst only in the RA group siL-6R levels were 
significantly increased (p=O.OS). SF siL-6R levels were lower than 
in serum in all patient groups. No correlations were found between 
sll-6R and IL-6 or between siL-6R and disease activity parameters 
in any group. 

Conclusion. Our results suggest that unlike IL-6, siL-6R is not 
produced at the site of inflammation and is not related to clinical 
or biological parameters of disease activity. Only in RA both IL-6 
and siL-6R levels are increased suggesting that siL-6R may aid 
systemic effects of IL-6. 
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TNF-ACTIV ATED ENDOTIIELIAL CELLS EXERT A CYTOTOXIC EFFECT ON 

TIJMOR CELLS'BY PRODUCTION OF NITRIC OXIDE 

M. Rocha,V. Schimnacher, V. Umansky 

Division of Cellular Immunology, German Cancer Research Center, Heidelberg, 

Germany 

We have previously shown that the arrest or regression of mouse liver metastases formed 
by lacZ -transduced ESbL T lymphoma cells (ESbL-lacZ ) is associated with the 
stimulation of ~itric oxide (NO) production by liver endothelial cells in situ. NO is 
generated in cytokine-activated macrophages and vascular endothelial cells from the 
oxidation of L-arginine by inducible NO synthase (iN OS) and is considered as an effector 
molecule of anti-tumor cytotoxicity. Here we studied in vitro the production of NO and 
the cytotoxicity against ESbL-lacZ lymphoma target cells exerted by activated bovine 
endothelial cells (BEC). It was found that the overnight co-culture of BEC with human 
TNF-a (fmal concentration - 1 nM) caused a stimulation of iN OS activity and an increase 
of NO synthesis by endothelial cells. Incubation of activated BEC with lymphoma cells 
(ratio 50:1, 25:1 or 10: 1) led to the death of the latter cells as evidenced by staining with 
propidium iodide and FACS analysis. This anti-tumor cytotoxicity was time-dependent 
and appeared as early as 1h after co-culture, reaching a maximallevel after 4h followed 
by a reduction of the cytotoxicity after 24 h of incubation. Non-activated BEC, which are 
not able to produce NO through iNOS dependent mechanism, showed a substantially 
lower level of cytotoxicity against lymphoma target cells. We next directly tested whether 
ESbL-lacZ cells are sensitive to the toxic effect of NO. Treatment of the cells with 
glycerol trinitrate (GTN) which is known to produce NO in the incubation medium, 
resulted in a profound cytotoxic effect against lymphoma cells. The level of cytotoxicity 
correlated with the concentration of NO in the medium. The possible role of NO in 
endothelial cells mediated anti-tumor reactivity in vitro and in vivo will be discussed. 
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REGULA TION OF THE EARLY CYTOKINE RESPONSE TO MALARIAL 
INFECTtON 
l. Udalova. l. Scragg, P. Beattie, O. Kwiatkowski 
Department of Paediatrics, John Radcllffe Hospital, Unlversity of Oxford, Oxford, UK 

Malaria fever is caused by the release of TNF and other cytokines, produced 
by monocytes and macrophages in response to toxins released by rupturing 
schlzonts. Excessive TNF production predisposes to fatal complications including 
cerebral malaria. 

This study ihlms to define critica! events in the regulation of the early 
response to malarial'toxins in the human monocyte cellline MonoMac6. We found 
that TNF mRNA was expressed within 30 min of stimulation by malaria! toxin. The 
response was completely blocked by actinomydn D but not by cyclohexamide, 
índicating that it was dueto transcriptional activation by regulatory factors airead y 
prcscnt in the cell. Expression of mRNA for IL-12p40, TL-6 and ICAM-1 wa:; 
observcd within 2 hr::; but this could be inhibited by cyclohexamide, indicating 
dependence on protein synthesis. Repeated stimulation of MonoMac6 cells with 
malaria toxin led to thc induction of tolerance. 

Work is in progress to define the regulatory pathways involved in 
transcriptional activation of the lNF gene with malarial toxin. 
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*24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. · 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 

a prívate foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
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