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Down-modulation of mycobacterial-induced IL-13 production in human
mononuclear cells by IL-4
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SUMMARY

Tuberculosis is characterized by a cellular immune response mediated by various cytokines, including
IL-1 5 released by stimulated mononuclear cells. It is now well established that glays an important

role in local and systemic inflammatory response in tuberculosis. Here we have demonstrated, for the
first time, that addition of IL-4 to human mononuclear cells obtained from 11 healthy bacille Calmette—
Guain (BCG)-vaccinated donors reduced BCG-induced production ofdlbyt 91:46 + 2:2%. This
inhibitory effect was found highly significanP( 0-001) and was dose-dependent. The effect of IL-4 on

the secretion of IL-B was specific, since a complete reversion was obtained with a neutralizing MoAb
to human IL-4. In addition, this inhibitory effect was not attributed to a cytotoxic effect, since trypan
blue exclusion studies indicated no loss of cell viability in response to IL-4. Interestingly, the induction
of IL-13 was regulated by IL-4, at least in part, by a direct mechanism mediated through the 130
extracellular domain of the IL-4 receptor, as demonstrated by incubation of the mononuclear cells with
the neutralizing anti-IL-4 receptor MoAb. Finally, a significant down-regulation of fLsécretion was
observed in hsp70-stimulated mononuclear cells cultured with IL-4. Further experimental work is
needed to establish the relevance of IL-4 in human mycobacterial infettiaivo. However, an
understanding of the mechanisms that control . skcretion in human mycobacterial infections is
essential to understand the pathogenesis of tuberculosis.
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INTRODUCTION predominated in tissue lesions of patients with immunological
resistance to mycobacterial antigens, whereas mRNA for

Tuberculosis remains a major health problem worldwide, with . . - . . . .
. S - - . Th2 lymphokines was prominent in patients with extensive disease
current estimates indicating eight million new active cases a year

accounting for three million deaths a year [Mycobacterium [11,12]. On the basis of these findings, it has been proposed that a

tuberculosisnfection requires greater knowledge of the pathogen-ShIft toward a Th2 type of immune response induced by myco-

esis of the disease to understand the mechanisms involved in thbealCterIaI antigens may explain the chronicity of mycobacterial

infection and the specific immunosuppressor activity of IL-4 and/

effect of mycobacterial constituents on the human immune IL-10 on proinflammatory cytokine production. We have tested
response. Previous work has demonstrated that this mycobacterﬁj P yey P )

infection is characterized by symptoms such as fever an irectly the importance of IL-4 for the regulation of mycobacterial-

chest pain that are considered to be mediated by proinflammato&gtiggfn!‘r;gg% ?]uf;:;ns'hnor\)vin:ﬁ;‘tT_?Z%r;ic;ia{n%?gia?u;f;tﬂgi
cytokines such as tumour necrosis factor-alpha (tyend IL-13 . oy .

- IL-15 production by human mononuclear cells activated with
[2-4]. However, TNFe: may contribute to the granulomatous bacille Calmette—Gu& (BCG) or the 70-kD mycobacterial heat
reaction that may limit further mycobacterial growth [5-8], and sholck rotein a:ld that this inhibitory effect |ys at Ieaslt in part
IL-13 plays an important role in the inflammatory responsemediatgd b a’Ldirect mechanism thro):J h the 1:;;0 kD chain gf thle
which effectively eliminates the bacilli [9,10]. Therefore it is y 9 )

highly important to understand the immunoregulatory mechan-lL'4 receptor. A better understanding of the mechanisms that

isms involved in the control of proinflammatory cytokine pro- ggvn:ggﬁ%ligaiﬁ;ﬁfmpﬁguscnsczgrf-Ofcgaifbgfjg;xfe%?mu_
duction. Recently, it has been demonstrated that at the site y yco. )

of mycobacterial infection mRNA for Thl Iymphokines

MATERIALS AND METHODS
Correspondence: Dr P. Mdez-Samperio, Departamento de Inmuno-
logia, Escuela Nacional de Ciencias Bigicas, |.P.N. Carpio y Plan de Donors
Ayala, Me&ico, D.F. 11340 Meico. Eleven BCG-vaccinated healthy donors were tested in this study.
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All donors were free of inflammatory diseases, and none had
received any anti-inflammatory drugs during the previous 3 L

- - A . (a)
weeks. None had clinically evident mycobacterial infections. L

Cytokines and reagents 16—
Purified human recombinant IL-4 was purchased from Amersham ~
(Aylesbury, UK). MoAb to human IL-4 was purchased from

Boehringer (Mannheim, Germany). The neutralizing anti-1L-4
receptor MoAb specific for the extracellular domain of 130-kD

IL-4 receptor was kindly provided by Dr O. Djossou (Schering- Tl
Plough Research Institute, Dardilly, France). . +
0-8—
Mycobacterial antigens i
BCG was provided by Dr J. Ruiz-Puente (Instituto Nacional de :
Higiene, Mexico). The purified recombinant 70-kD heat shock 0.4
protein (hsp70) ofMyco. tuberculosisvas kindly provided by L
Dr M. Singh (G.B.F., Braunschweig, Germany). -
C 1 |
1 5 10 30

1.2~

IL-1B production (pg/ml x10

e

Stimulation of mononuclear cells with mycobacterial antigens 0
Peripheral blood mononuclear cells (PBMC) were isolated from Medium

healthy donors by centrifugation on Histopaque (Sigma Chemical BCG concentration (ug/ml)
Co., St Louis, MO) density gradient. For generation of super-

natants from PBMC stimulated with mycobacterial antigens, cells

(1 x 10°/ml) were cultured with increasing concentrations of BCG 2400 [ hd
or hsp70 in complete medium consisting of RPMI 1640 supple- | (b °
mented withc-glutamine (2 mw), penicillin (100 U/ml), strepto- r °
mycin (100ug/ml), and 5% heat-inactivated human serum during i B :
24 h. Supernatants were collected, centrifuged, and stored a£—20 - .
until use. s r .

E 1600 N
Measurement of IL2 production 2 - °
The amount of IL-B present in culture supernatants was quantified g 1200 B :
by commercially available ELISA kits (Amersham, Aylesbury, & L
UK). Supernatants were tested after appropriate dilution. Results 3 -
are expressed as pg/ml. The detection limit for |Estas 03 pg/ g 800 B
ml. @ L

:" -
Statistical analysis 400 N .
All data are meatt: s.e.m. of the indicated number of experiments. L o
Comparison between groups was determined by Studetd'st; r _.%
P <001 was considered significant. o

Medium BCG (5 ug/ml)
L J
RESULTS (P<0:005)

IL-4 effects on BCG-stimulated production of Ij3-1 Fig. 1. Induction of IL-13 by bacille Calmette—Guin (BCG) in human

In the first set of experiments, we examined the production of IL-mononuclear cells. (a) Human mononuclear cell/g) were cultured

13 by human mononuclear cells after stimulation with increasingwith increasing concentrations of BCG or medium alone for 24 h. Cell-free
concentrations of BCG. Figure la shows a dose-dependersupernatants were assessed for .y ELISA. Results are the mean-
increase of BCG-induced ILALproduction by mononuclear cells +s.e.m. for three experiments. (b) Peripheral blood mononuclear cells
of three individuals immunized by BCG vaccination, and that (PBMC) from 11 BCG-vaccinated healthy donors were incubated with the
maximal production was reached withu§/ml of BCG. The indic_ated concentration of BCG or medium alon_e fg_r 24 h. fgroduc- _
addition of polymixin B (1Qug/ml) to cell cultures treated with ggzt;gliﬁﬁ}ﬁﬁeg On(;g)n onuclear cells was significantly larger than in
BCG indicated that BCG was devoid of contaminating lipopoly- '

saccharide (LPS) (data not shown). Therefore, the BCG-induced

IL-15 production was not due to possible endotoxin contamina-PBMC, control cultures (medium alone) showed low IB-decre-
tion. In the second set of experiments, when used at an optimdlon (range 30-410pg/ml). This difference was found highly
concentration of BCG (bg/ml) to stimulate PBMC from 11 BCG- significant P<0-005). In the present study, all healthy donors
vaccinated healthy donoris vitro, all supernatants were found to were vaccinated with BCG in childhood, therefore these results
contain significant IL-B secretion (range 1160-2400 pg/ml) indicate the establishment of a highly responsive and long-lived
(Fig. 1b). In contrast to IL-8 production by BCG-stimulated mycobacterium-specific memory mononuclear cell repertoire.
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- +
- i [BCG + IL-4]
%, 1600 Fig. 3. Blocking of IL-4 by the specific anti-IL-4 antibodies. Mononuclear
o i cells (16/ml) were cultured with bacille Calmette-Gire(BCG; 5..g/ml)
5 L and IL-4 (50 pg/ml) in the presence of increasing concentrations of a
B 1200 neutralizing MoAb against IL-4. Results are the mefrs.e.m. of three
3 i separate experiments. Values in parentheses indicate the percentage of cell
2 | viability in the absence or presence of IL-4.
Q
a 800 -
i L
- i secretion by IL-4, and this inhibitory effect was dose-dependent
400 | (Fig. 2a). Maximal inhibition was reached with 50 pg/ml| &% of
i inhibition) and 49%% of inhibition was obtained with 1 pg/ml.
L When used at an optimal concentration of IL-4 (50 pg/ml) as
0L determined in experiments described above, addition of IL-4 to

human mononuclear cells obtained from 11 healthy BCG-vacci-
] ) ] ] nated donors reduced BCG-induced production of H_-tiy
Fig. 2. Effect of IL-4 on IL-13 production by bacille Calmette—Grie 91:46+2:2% (range 76&-990%, n=11) (Fig. 2b). Compared
(BCG)-stimulated human mononuclear cells. (a) Human mononuclear cellgv. - s

. ; . ith BCG-stimulated cultures, this inhibitory effect was found
(106/m|) were stimulated for 24 h with BCG @/ml) in the absence or highly significant P<0-001).

presence of increasing concentrations of IL-4. Shown are the mesaam. ; ) . .
of three independent experiments. Results in parentheses indicate the 10 investigate further the specificity of the inhibitory effect of
percentage of inhibition in the presence of each concentration of IL-4|L-4, antibodies directed against IL-4 were tested at increasing
compared with control cultures (BCG) which did not receive IL-4. (b) concentrations for their ability to antagonize the inhibitory effect
Addition of IL-4 (50 pg/ml) to human mononuclear cells obtained from 11 of IL-4 on BCG-induced IL-B production by human mononuclear
healthy BCG-vaccinated donors reduced BCG-induced production gfIL-1 cells cultured with BCG (g/ml) and IL-4 (50 pg/ml). As illu-
by 91:46 4 2:2% @) compared with BCG-stimulated culturel)( This  strated in Fig. 3, blocking IL-4 with the neutralizing mouse MoAb
inhibitory effect was found highly significanP(< 0-001). to human IL-4 (anti-hiL-4) resulted in an increase in the I8-1
produced by human mononuclear cells in a dose-dependent
manner, and a complete reversion was obtained withu@/ml
Since IL-4 has been described to inhibit the synthesis ofof antibody. To evaluate whether the inhibitory effect of IL-4 may
proinflammatory cytokines by human cells stimulated with mito- be, at least in part, a direct mechanism mediated by the IL-4
gen [13,14], we tested the effect of IL-4 on BCG-induced |E-1 receptor, we stimulated mononuclear cells with BC@E@mI in
production by human mononuclear cells. Of importance, BCG-the presence of IL-4 (50 pg/ml) after a 2-h preincubation with
induced IL-13 secretion by human mononuclear cells from threeincreasing concentrations -(l—10ug/ml) of a neutralizing anti-
healthy donors was blocked with a pronounced inhibition ofIL-4 receptor MoAb. In this study, the inhibition of IL-4 action

Healthy donors (n=11)
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1600 — Modulation of hsp70-induced ILALsecretion by IL-4

(a) Since mononuclear cells from healthy individuals were activated
by whole mycobacteria, thus presumably able to recognize several
different mycobacterial antigens, we next addressed the question,

1200 whether IL-15 production by human mononuclear cells stimulated
i with a mycobacterial heat shock protein Bfyco. tuberculosis
(70kD) could be blocked by IL-4. Results illustrated in Fig. 4a
i show that IL-13 secretion was significantly generated by hsp70in a
i dose-dependent manner, and that maximal production was reached
800 — with 5 ug/ml hsp70. On the other hand, down-regulation of J§-1
i secretion at 24 h was observed in hsp70-stimulated mononuclear
r cells cultured with IL-4 (30 pg/ml) compared with cell cultures in
r the absence of IL-4 (885+ 4-3% of inhibition (meant s.e.m.);
400 — range 8@-975%; n=11) (Fig. 4b). This inhibition was found
L | highly significant P <0-005).
0 i DISCUSSION
1 5 10

IL-18 production (pg/mi)

H

Because IL-B has been implicated as a potential mediator of the
local and systemic inflammatory process seen in tuberculosis, it is
Hsp70 concentration (ug/ml) important to determine the means to control its production. Our
results indicate that IL-4 inhibits secretion of Il3linduced by
BCG or the 70-kD hsp dflyco. tuberculosisSuch an inhibition is
1800 — . . .
L (b) in agreement with the concept that IL-4 deactivates macrophages
[15-19].
The precise mechanim(s) of IL-4-induced inhibition are not
well understood. To determine how IL-4 inhibited I3 $ecretion,
we investigated whether this inhibitory effect could be modulated

1200 by using a MoAb directed against the IL-4 receptor. Our data
provide evidence that IL-4 could act on Il3Jroduction, at least
in part, in a direct fashion through the 130-kD chain of the IL-4
900 |— receptor. However, it is possible that the anti-IB-fnediated
down-regulation of IL-4 may be the indirect result of an inhibitory
effect on TNFea production, which it has been reported induces IL-

Medium

1500 —

T

T

T

T

600 |- 13 production. On the other hand, Donne#ly al. have demon-
strated that LPS-induced IL-1 could be inhibited by IL-4, at least in
part, by repressing IL-1 gene transcription [20]. Therefore, it is
possible that mycobacterial-induced 113-Inight be regulated at
the transcriptional level. To further investigate the intracellular
second messenger pathways involved in the mechanism of IL-1
gene regulation, studies on signal transduction using a strategy of

Healthy donors (n=11) various specific protein kinase inhibitors are in progress.

) - ) o On the other hand, it is noteworthy that this inhibitory effect

Fig. 4. Inhibition of 70-kD-induced IL-B production in hléma” mono-  \as highly efficient with a very low concentration of IL-4. Based

.nUCIear cells by IL-4. (a). Human mononUdear. cells *(1l) were on this observation we expected that factors other than IL-4 may be

incubated for 24 h at 3T with different concentrations of hsp 70. Cell- . . . :

involved in down-regulation of cellular response to mycobacterial

free supernatants were then tested for -ty ELISA. Results are . ) . .
expressed as meah s.e.m. of three separate experiments. (b) Addition antigens. In fact, IL-10 is a cytokine that is known to down-

of IL-4 to human mononuclear cells obtained from 11 healthy bacille fegulate human cellular responses in mice as in humans [21-27].
Calmette—Glgn (BCG)-vaccinated donors reduced hsp 70-induced pro-Recently, the production of IL-10 in pleural fluid has been
duction of IL-13. This inhibition was found highly significanP(< 0-005). demonstrated in response to high concentrations of mycobacterial
%, |L-4; &, hsp 70. antigens such as lipoarabinomannan [28]. Therefore, it is possible
that production of IL-10 by human mononuclear cells in response
using a blocking antibody specific for the 130-kD chain of the IL-4 to mycobacterial antigens may down-regulate |8 -decretion in
receptor was dose-dependent (data not shown). Furthermoreylture. Unfortunatelly, this anti-inflammatory cytokine was not
trypan blue exclusion studies indicated no loss of cell viability in available when we started these experiments.
response to IL-4. These results indicate that the inhibitory effect In this study we put forward the hypothesis that IL-4, an anti-
of IL-4 on BCG-induced IL-B production was not due to a inflammatory cytokine, contributes to the immunopathology of
cytotoxic effect (Fig. 3). Simultaneously, we examined the pro-mycobacterial infection through down-regulation of the production
duction of IL-4 by human mononuclear cells after stimulation with of IL-13. In support of this hypothesis, we were unable to detect
BCG. We were unable to detect significant IL-4 production (datasignificant IL-4 production among mononuclear cells obtained
not shown). from healthy donors upon stimulation with mycobacterial antigens.

IL-1B production (pg/ml)

T

300

T
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These results are in agreement with published data on cytokine to victory, or a tactical weakness in immunity against tuberculosis?

production in the human immune response, which indicate that Clin Exp Immunol 199080:301-3. _

the amounts of IL-4 produced in supernatants from polyclonallyl0 Boom WH, Wallis RS, Chervenak K. Humadycobacterium tubercu-

activated PBMC derived from healthy donors were below the losisreactive CD4 T cell clones: heterogeneity in antigen recognition,

detection limit [29]. Furthermore, it has been shown that T cell cytokine production, and cytotoxicity for mononuclear phagocytes.
) . i . o Infect Immun 199159:2737—43.

clones from healthy dono_rs specific for p_urlfled protein denvatlve11 Yamamura M, Uyemura K, Deans Ri al Defining protective

(PPD) or the mycobacterial 65-kD protein produce Thl lympho-

] 3 responses to pathogens: cytokine profiles in leprosy lesions. Science
kines [30,31]. It has been demonstrated that transforming 1991:254277-9.

growth factor-beta (TGF) differentially regulates the synthesis 12 Tsicopoulos A, Hamid Q, Varney &t al. Preferential messenger RNA
of Thl or Th2 cell lymphokines by human T lymphocytes, and  expresssion of Thi-type cells (IFN-gamma, IL-2) in classical delayed-
it has been proposed that TGFinhibits the production of IL-4 type (tuberculin) hypersensitivity reactions in human skin. J Immunol
by blocking the response of T cells to IL-2 [29,32]. More 1992;1482058-61.

importantly, it is now becoming clear that Thl and Th2 cells 13 Hart P, Vitti G, Burgess DRt al. Potential antiinflammatory effects of
down-regulate each other by cytokines such as IL-4 and IL-12 interleukin 4: suppression of human monocyte tumor necrosis factor

[33,34]. IL-12 has been identified as an inducer of Thil cell igaggggg%r(lgilgn 1, and prostaglandin 2. Proc Natl Acad Sci USA
responses, whereas IL-4 has been identified as an inducer of Tfﬁ Donnelly R, Fenton MJ, Finbloom & al. Differential regulation of IL-

lcell! responses [35,36]. Thus, IL-12 may be critical a§ 'a nf’;ltural 1 production in human monocytes by IFN-gamma and IL-4. J Immunol
initiator of the development of Th1 responses. Most striking is the  1990:145569-75.
requirement for IL-4 that mediates the subsequent development afs Abramson S, Gallin J. IL-4 inhibits superoxide production by human
Th2 cells. mononuclear phagocytes. J Immunol 19984625-30.

In conclusion, data presented in this study demonstrate that IL46 Ho L, He S, Rios M, Wick E. Interleukin-4 inhibits human macrophage
4 may be responsible, at least in part, for the down-regulation of ~activation by tumor necrosis factor, granulocyte-monocyte colony-
mycobacterial protein-induced IL8lin human mononuclear cells. stirnulgting factor an(_i interleukin—3 for antileishmanial activity and
Further studies are needed to establish the relevance of IL-4 in the_ ©Xidative burst capacity. J Infect Dis 19965344-51. o
pathogenesis of disease duévtgco. tuberculosisespecially when 17 Lehn M, Wels_ner W, Engglh.om S, .G'”'S S, RemOId H. IL-4 inhibits

- - . . . H,O, production and antileishmanial capacity of human cultured

mycobacteria induces a predomlpar)tly Th2 cytokine profile which monocytes mediated by IFN-gamma. J Immunol 1986830204
could aggravate the mycobacterial infection. However, these datgg ogywald I, Gazzinelli R, Sher A, James S. IL-10 synergizes with 1L-4

may represent an important mechanism for the down-regulation of ~ gnqg transforming growth factor-beta to inhibit macrophage cytotoxic

mycobacterial-induced IL{1 production. activity. J Immunol 19921483578-82.
19 Martinez OM, Gibbons RS, Garovoy R, Aronson F. IL-4 inhibits IL-2
ACKNOWLEDGMENTS receptor expression and IL-2-dependent proliferation of human T cells.

J Immunol 1990144:2211-5.
This work was supported by Grant 3367 M from the Consejo Nacional de20 Donnelly R, Fenton M, Kaufman J, Gerrard T. IL-1 expression in
Ciencia y Tecnologia (CONACYT) and by Grant 953229 from the Direc- human monocytes is transcriptionally and posttranscriptionally regu-

cion de Estudios de Posgrado e Investigad{PEPI). We would like to lated by IL-4. J Immunol 19911463431—6.

thank Dr M. Singh for the generous gift of the mycobacterial hsp70, Dr O.21 Fiorentino D, Bond M, Mosmann T. Two types of mouse T helper cell.
Djossou for kindly providing the anti-130-kD IL-4R monoclonal antibody, IV. Th2 clones secrete a factor that inhibits cytokine production by Thl
and Dr J. Ruiz-Puente for providing BCG. clones. J Exp Med 1989;70.2081-95.

22 Fiorentino D, Zlotnik A, Vieira Ret al. IL-10 acts on the macrophage
to inhibit cytokine production by Th1l cells. J Immunol 1991,
REFERENCES 14634449
1 Murray CJ, Styblo K, Rouillon A. In: Jamison DT, Mosley W, eds. 23 Bogdan C, Vodovotz Y, Nathan C. Macrophage deactivation by
Disease control priorities in developing countries. Oxford: Oxford  interleukin-10. J Exp Med 1991,741549-55.
University Press for the World Bank, New York, 1992: 50-233. 24 de Waal Malefyt R, Haanen J, Spitsed al. IL-10 and viral IL-10
2 Dinarello CA, Canon JG, Wolff M. New concepts on the pathogenesis ~ strongly reduce antigen specific human T cell proliferation by
of fever. Rev Infect Dis 198810:168—-89. diminishing the antigen presenting capacity of monocytes via down-
3 Eliner J, Wallis R. Immunologic aspects of mycobacterial infections.  regulation of class Il MHC expression. J Exp Med 19914915-24.
Rev Infect Dis 198911 (Suppl. 2):S455-9. 25 Barnes P, Mehra V, Hirschfield Bt al. Characterization of T-cell
4 Wallis RS, Amir-Tahmasseb M, Eliner JJ. Induction of interleukin 1 antigens associated with the cell wall protein peptidoglycan complex of
and tumor necrosis factor by mycobacterial proteins: the monocyte Mycobacterium tuberculosig Immunol 19891432656-62.
Western blot. Proc Natl Acad Sci USA 19987:3348-52. 26 de Wall Malefyt R, Abrams J, Bennett B, Figdor C, de Vries J. IL-10
5 Bermudez LE, Young LS. Tumor necrosis factor alone or in combina-  inhibits cytokine synthesis by human monocytes: an autocrine role of
tion with IL-2, but not IFN-gamma, is associated with macrophage  IL-10 produced by monocytes. J Exp Med 192501302-5.
killing of Mycobacterium aviunsomplex. J Immunol 1988403006— 27 Fiorentino D, Zlotnik K, Mosmann T, Howard M, O’'Garra A. IL-10
13. inhibits cytokine production by activated macrophages. J Immunol
6 Kindler V, Sappino A, Grau @t al. The inducing role of tumor necrosis 1991;147.3815-22.
factor in the development of bactericidal granulomas during BCG28 Barnes P, Chatterjee D, Abramatal. Cytokine production induced by
infection. Cell 198956:731-43. Mycobacterium tuberculosiépoarabinomannan. Relationship to che-
7 Barnes P, Fong S, Brennan P, Twomey P, Mazumder A, Modlin R.  mical structure. J Immunol 199249541-7.
Local production of tumor necrosis factor and interferon-gamma in29 Fargeas C, Wu CY, Nakajimaéi al. Differential effect of transform-

tuberculous pleuritis. J Immunol 199045149-54. ing growth factor beta on the synthesis of Thl- and Th2-like lympho-
8 Dannenberg AM. Immune mechanisms in the pathogenesis of pulmon-  kines by human T lymphocytes. Eur J Immunol 1992,2173-6.
ary tuberculosis. Rev Infect Dis 19891:369-78. 30 Del Prete G, De Carli M, Mastromauro & al. Purified protein

9 Lowrie DB. Is macrophage death on the field of battle essential derivate ofMycobacterium tuberculosiand excretory-secretory anti-

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$04374-379



Modulation of IL-1 production by IL-4 379

gen(s) ofToxocara canisexpandin vitro human T cells with stable human T helper cells and transient IFN gamma production in estab-
and opposite (type 1 T helper or Type 2 T helper) profile of cytokine  lished Th2 cell clones. J Exp Med 1994791273-83.
production. J Clin Invest 199188:346-50. 34 Maggi E, Parronchi P, Manetti & al. Reciprocal regulatory effects of
31 Haanen J, de Waal Malefyt R, RestRil. Selection of a human T helper gamma interferon (IFNY and interleukin-4 (IL-4) on then vitro
type 1-like T cell subset by mycobacteria. J Exp Med 19914:583— development of human T helper (Thl) and Th2 clones. J Immunol
92. 1992;1482142—7.
32 Chantry D, Turner M, Abney E, Feldman M. Modulation of cytokine 35 Scott P. IL-12: initiation cytokine for cell-mediated immunity. Science
production by TGF-beta. J Immunol 198P424295-300. 1993;260496-7.
33 Manetti R, Gerosa F, Giudizi @t al Interleukin 12 induces stable 36 Afonso L, Scharton T, Vieira ket al. The adjuvant effect of interleukin-
priming for interferon gamma production during differentiation of 12 in a vaccine againsteishmania majarScience 1994263235-7.

© 1996 Blackwell Science LtdClinical and Experimental Immunolog$04374-379



