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The genetic background of T lymphocytes influences development of the T helper (T,) 
phenotype, resulting in either resistance or susceptibility of certain mouse strains to 
pathogens such as Leishmania major. With an in vitro model system, a difference in 
maintenance of responsiveness of T cells to interleukin-12 (IL-12) was detected between 
BALB/c and €31 0.D2 mice. Although na'ive T cells from both strains initially responded to 
IL-12, BALB/c T cells lost IL-12 responsiveness after stimulation with antigen in vitro, even 
when cocultured with B10.D2 Tcells. Thus, susceptibility of BALB/c mice to infection with 
L. major may derive from the loss of the ability to generate IL-12-induced TH1 responses 
rather than from an IL-4-induced TH2 response. 

T h e  type of TH cell response can determine 
host susceptibility or resistance to pathogens 
( I  ). Experimental murine leishmaniasis pro- 
vides an  example of the relation between 
resistance and genetic factors that control 
TH cell development (2-4). Mice of the 
BALB/c strain produce T H 2  responses to L. 
major that fail to promote resistance, whereas 
other strains, i l~cludil~g B10.D2, produce 
TH1 responses and are resistant (5). Early 
i~lduct io~l  of BALB/c responses toward a THl 
type promotes cure (4 ,  6). Such manipula- 
tions are most effective during the first week 
after infection (4,  7), which suggests that a 
critical period exists for establishing curative 
TH1 responses. Thus, it is ilnportant to iden- 
tify the  mechanism that underlies develop- 
ment of differential TH responses in these 
two strains. 

W e  purified na'ive T cells from B10.D2 
and BALB/c DO1l .10  T cell receptor 
(TCRI-transgenic mice and stimulated 
them with chicken ovalbumin peptide res- 
idues 323 to 339 ( c O V A )  and with irra- 
diated splenocytes as antigen-presenting 
cells (APCs)  (2 ) .  W h e n  allowed to devel- 
op ~ I I  vitro under neutral conditions 
(without experimental manipulation of 
cptokines), r~ai've CD4' T cells from 
BALB/c and B10.D2 backgrounds devel- 
oped distinct phenotypes, with BALB/c T 
cells produci~lg larger amounts of IL-4 and 
smaller amounts of interferon y ( IFN-y)  
in response to  secondary stirnulation com- 
pared with BlO.D2 T cells (Fig. 1 A ) .  Both 
BALB/c and B10.D2 T cells can develop 
polarized T H 1  or TH2 phenotypes w7he11 
exposed to  IL-12 or IL-4 during primary 
activation, excluding a global defect in 
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either strain for T H 1  or  T H 2  developme~l t  
(Fig. 1B). 

Because IL-12 production is delayed for 
several days after L. major infection and the  
IL-12 signaling pathway can be blocked 
during TH2 cell development (8, 9) ,  we 
investigated whether regulation of the  IL- 
12 s ig~lal i~lg  pathway differed between 
BALB/c and B10.D2 cells during TH phe- 
notype development under neutral condi- 
tions. Cells were stimulated ~ m d e r  neutral 
conditions, and IL-12 responsiver~ess was 
assessed during secondary stimulation with 
TA3 cells as APCs (these cells do  not pro- 
duce IL-12 or IFN-y, which can influence 
IFN-y production) (Fig. 2, A and B). 
BALB/c T cells s l ~ o ~ v e d  no  response to IL- 
12 in  terms of increased IFN-y productioll 
during secondary stimulation, whereas 
B10.D2 T cells showed a 10-fold increase in 
IFN-y p r o d u c t i o ~ ~  in response to IL-12. As  

controls, the  responses of T cells i~lduced by 
IL-12 or IL-4 toward THl or TH2 pheno- 
types were similar between the  two strains 
(Fig. 2A) ,  excluding a general defect in 
IL-12 signaling. Thus, B10.D2 T cells retain 
IL-12 respor~siveness under neutral condi- 
tions of development, whereas BALB/c T 
cells become nonresponsive to IL-12. 

W e  next investigated whether this dif- 
ference in IL-12 responsiveness was impor- 
tant for subsequent developmental respons- 
es. BALB/c and B10.D2 T cells were acti- 
vated under neutral conditions for 7 days 
and then restimulated in the  presence or 
absence of IL-12 for a n  additional 7 days, 
after which IFN-y and IL-4 production was 
measured in response to tertiary stilnulatio~l 
in order to assess phenotype developlnent 
(Fig. 3) .  T h e  phenotype of BALB/c T cells 
was not affected by treatment with IL-12 in  
secondary culture. In contrast, B10.D2 T 
cells responded to IL-12 in  secondary cul- 
ture by showing increased IFN-y produc- 
tion compared with untreated controls. 
Thus, BlO.D2 T cells that develop under 
~leutra l  col~di t io l~s  remain responsive to IL- 
12 in terms of both immediate and future 
cytokine production. 

This difference between BALB/c and 
B10.D2 develop~nent  could emerge be- 
cause either ( i )  BALB/c and BlO.D2 T 
cells produce different secreted factors 
that  exert autocrine effects o n  IL-12 sig- 
naling or  (i i)  t he  intrinsic rnechanisins 
tha t  co l~ t ro l  IL-12 sig~lalillg differ between 
T cells from the  two strains. T o  distin- 
g ~ i s h  between these possibilities, we de- 
veloped a coculture technique to  allow 
lnixing of transgenic BALB/c and BlO.D2 
T cells during primary development and 
subsequent separation of these cells for 
independent phenotype analysis (Fig. 4 ) .  

Fig. 1. Influence of genetic background on T, cell phenotype 
development in vitro under neutral conditions. Me-14" CD4- T 
cells were isolated by cell soriing from unimmunlzed BALB/c 
(open symbols) or B10.D2 (closed symbols) DO1l.10 TCR- 
transgenic mice and stimulated for 7 days at 2.5 X l o 5  cells per 
w e  in I - m  cultures with 5 X 1 Oqrradiated (20 gray) BALB/c 
splenocytes and 0.3 WM cOVA. either in the absence of added 
cytokines (circles) (A) or in the presence of IL-4 (100 U/ml) 
(squares) or L-12 (5 U/m) (trangles) (B). Cells were then washed 
and restimulated for 48 hours with peptide and splenocytes in 
the absence of added cytoklnes (-). The medium was then 
assayed for IL-4 and FN-y by enzyme-linked mmunosorbent 
assay as described (2). Splenic T cells were purified by comple- 
ment lysis of cells stained with antbodies to major histocompat- 
ibility complex class I antigen (CA4) and to CD8 (3.155) as 
described (2). T cells were isolated on a density gradient (His- 
topaque-1119. Sigma). stained with fluoresce~n sothiocyanate 
(FITC)-conjugated monoclonal antibodies to CD4 and phyco- 
erythrn (PE)-conjugated Me-14 monoclonal antibodies (Pharm- 
ngen. San Dego. Californa). and sorted (FAGS Vantage; Bec- 
ton Dicknson, San Jose, Cafornia) to obtain a popuaton com- 
prlsing >98% Mel-14)'' CD4.- T cells. Data are representative of 
four separate experiments. 
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If differences in exogenous factors produce 
the difference in IL-12 responsiveness, 
then cocultured B10.D2 and BALB/c T 
cells should regulate IL-12 respor~siveness 
in parallel, whereas an intrinsic difference 
would result in cocultured BALB/c and 
BlO.D2 T cells retaining distinct IL-12 
response profiles. Na'ive BALB/c (Ly9.1') 
and BlO.D2 (Lp9.2+) DO1l.10 T cells 
were sorted for CD4+ Mel-14"' expressio~~ 
and mixed in specific ratios before activa- 
tion; control cultures of pure BALB/c or 
pure BlO.D2 T cells were perforlned in 
parallel. After 7 days of developlnent in 
vitro, BALB/c and BlO.D2 T cells in the 
mixtures were separated by cell sorting on 
the I-asis of Ly9.1 expression and their TH 
phenotypes were characterized separately 
(Fig. 4A).  BALB/c and BlO.D2 cells 
inixcd in a 5 :  1 ratio during primary acti- 
vation (BALB/c predominance) each ac- 
quired a TH2-like profile on secondary 
stimulation, si~nilar to the profile of the 
pure BALB/c control (Fig. 4A).  In con- 
trast, BALB/c and Bl0.DZ cells mixed in a 
1 :5 ratio (BlO.D2 predominance) ac- 
quired a TH1-like profile similar to that of 
the pure BlO.D2 control. When  BALB/c 
and BlO.D2 cells a.ere mixed in a ratio of 
1 : 1, an intermediate profile was apparent 
for cells of both strains. Thus, esogenous 
factors produced during primary activation 
differ between BALB/c and B10.D2 cells 
and can i n f l u e ~ ~ c e  default TH ileveloplnent 
of nalve T cells. 

I-Io\vever, for the maintena~~ce of IL-12 

responsiveness, both endogenous and exog- 
enous factors play a role. Unlike pure 
BALB/c cultures, BALB/c T cells cocultured 
with an excess of BlO.D2 T cells acquired 
IL-12 responsiveness, consistent with our 
finding that differences in exogenous factors 
influence differential TH development in the 
two strains (Fig. 4 B )  In contrast, BlO.D2 T 
cells maintained IL-12 responsiveness after 
development in BALB/c predolninant cocul- 
tures, whereas BALB/c cells derived from the 
same coculture lost IL-12 responsiveness 
(Fig. 4B). Thus, despite identical primary 
conditions, BlO.D2 T cells retained IL-12 
responsiveness although BALB/c cells did 
not, which indicates that endogenous differ- 
ences allow, BlO.D2 T cells to differentially 
maintain IL-12 responsiveness. 

T o  confirm these results independently, 
we measured IL-12 induction of CD25, the 
IL-2 receptor a subunit (IL-2Ra). IL-12 
augments IL-2 induction of IL-2Ra in TH1 
clones ( 1  0). IL-12 treatlnellt increased IL- 
2Rct expression in B10.D2 T cells that had 
developed under neutral conditions, where- 
as BALB/c T cells that had developed under 
neutral conditions showed no change in 
IL-2Ra expression in response to IL-12 
(Fig. 2C). Thus, the differential m?' 111te- 
nance of IL-12 responsiveness shown by 
BAL.B/c and B10.D2 T cells is ~nanifest in 
the control of both IL-2Ra expression and 
IFN-y production. 

To investigate a.11ether BlO.D2 T cells 
lnaintain IL-12 responsiveness for IL-2Ra in- 
duction hy an intrinsic mechanism, we cocul- 

Fig. 2. Differentla mainte- A 6 0 ,  I I -2500 
nance of L-12 responsive- 
ness by B10.D2 and 

DO1 1 10 TCR-transgenc T 
cells from BALB/c (open % 2  
bars) or B10 D2 (closed 
bars) mce were isolated and 
st~mulated n triplicate with 
cOVA and APCs in the ab- Stim. 2 -  - IL-12 

sence (-) or presence of 
L-4 (100 U/ml) or L-12 (5 
U/ml) as described n the 
legend of Fig 1 .  After 7 
days, cells were ihatvested, 
washed, and stmuated for 
48 hours with 0.3 p.M cOVA 
and 5 X 1 0Trradiated (1 00 
gray) TA3 cells (an - A d  B cell 
lymphoma line) in 1 -m cul- 
tures in the absence or ~ r e s -  

Stim. ,, - 

1" 
Conditions 

Fluorescence intensity 
ence of L-12 (5 ~ /ml) :  The 
medium was then assayed for IFN-y. (B) T cells from each mouse strain were prepared and stimulated as 
in (A) and then restimuated with peptide and irradiated spleen cells in the presence or absence of 
neutralizing antibodies to IL-12 (anti-L-12) (TOSH). Data in (A) and (B) are means I SD of triplicate 
independent determinations. (C) Expression of L-2Ra. Na'ive DO1 1 . I0  transgenic BALB/c and B10.D2 
T cells were purified by cell sorting and stimulated with cOVA and irradiated spleen cells in the absence 
(-) (upper panels) or presence of IL-12 (5 U/ml) (lower panels). After 5 days, cells were washed. 
restimulated with IL-2 (40 U/ml) alone (dotted lines) or with L-2 plus IL-12 (5 U/ml) (solid lines) for 2 days, 
and stained with FTC-conjugated antibodies to CD25 (Pharmingen). L-2Ra expression was assayed by 
flow cytometp,~. 

tured BALB/c and B10.D2 T cells at various 
ratios and measured IL-12 regulation of IL- 
2Rct. After 5 days, cell mixtures were treated 
with either IL-2 alone or with both IL-2 and 
IL-12 for 2 days, and then analyzed by flo~xr 
cytoinetry to quantitate IL-12 induction of 
IL-2Rct in Lp9.1+ (BALB/c) and Ly9.2+ 
(B10.D2) cells (Fig. 4C). When developing in 
a BlO.D2-predomina11t mixture, BALB/c 
cells lnanifested IL-12 i ~ ~ d u c t i o ~ ~  of IL-2Ra 
(Fig. 4C), confirming our observation that 
exogenous factors can influence differential 
lnainte~~ance of IL-12 responsiveness. In con- 
trast, in a BALB/c-predominant mixture, 
BALB/c cells no longer sho\ved IL-12 induc- 
tion of IL-2Rct; BlO.D2 cells continued to 
show IL-12 induction of IL-2Ra, ruling out 
the possibility of ~ncreased IL-4 production by 
BALB/c T cells as a cause of the observed 
strain differences. h.loreover, we can rule out 
differences in sensitivity to IL-4 as a cause, 
because BALB/c and BlO.D2 cells showed 
si~nilar dose-response relatio~~s for IL-4-in- 
duced TH2 phenotype development (Fig. 4D). 
This observation confirmed that a cell-intrin- 
sic mecha~~isln co~ltrols IL-12 respo~lsiveness 
in B10.1>2 T cells. 
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IL-4 IL-12- 

A 

0  
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Fig. 3. Developmental responsveness to IL-12 of 
B10.D2 and BALB/c T cells actvated n vitro un- 
der neutral conditions. Na'ive DO1 1 . 1  0 transgenic 
T cells from BALB/c (open symbols) and B10.D2 
(closed symbols) mlce were prepared as de- 
scribed (Fig. 1, legend) and activated in the ab- 
sence of added cytokines (A) or, as controls, in the 
presence of added IL-4 or L-12 (B), and then 
allowed to develop for 7 days. Cells were harvest- 
ed, washed, and restimuated for another 7 days 
either in the absence or presence of added IL-12 
(5 U/ml). Cells were then washed and stimulated 
for 48 hours with cOVA and irradiated spleen cells. 
after which IL-4 and F N - y  in the medium were 
assayed. Data are representative of four separate 
experiments. 
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Lz.stt.rza monocytoge7lt.s ~nduces  macro- 
phages to produce IL-12, providing nai've T 
cells with a n  early slgnal for THl develop- 
ment allii consec~uently promoting the cell- 
mediated immune response (1 1 ) .  In  con- 
trast, L. major promastigotes infect macro- 
phages without triggering sign~ficant IL-12 
production (9) .  IL-12 product~on is lo\v or 
uniietectahle for several clays after infection 
and increases a t  the  arnastigote stage. 
Therefore, the nlaintenance or loss of IL-12 
responsiveness by T cells during this early 
period can critically deterlni~ne the  effec- 
tiveness of the  imm~une response that devel- 

ops later during L. major mfection. 
Our  coculture data lniiicate that the prl- 

marv mechan~sm resuonsible for ciifferential 
lnainte~nance of IL- 12 responsiveness in 
B10.D2 and BALB/c lnlce is i~ntri~nsic to T 
cells and not attributable to differences in 
the production of an extracell~~lar fiactor such 
as IL-4. W e  have used thls system to analyze 
experimental crosses between BlC.D2 and 
BALB/c Inice and have localizeii a region of 
chro~nosome 1 1 tightlv linked ~v i th  the L ,  

lnaintel~ance of IL-12 responsiveness and 
TH1 cell developlne~nt (1 Z), consistent with 
the linkage of L. major susceptibility to 
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Fig. 4. Influence of exogenous and endogenous factors on maintenance of L -12  responsiveness during 
BALB/c and B10.D2 T cell coculture. (A) DO1l.10 transgenic BALB/c (open symbols) and B10.D2 
(closed symbols) Tce ls  were p~~r l f led by cell sorting as described (Flg. 1, legend), and either activated as 
pure T cell populations (circles) or In BALB/c:BI O.D2 ratios of 5 : 1 (triangles), 1 : 1 (squares), or 1 : 5 
(inverse trangles). Cells were stimulated wlth cOVA and irradiated spleen cells and allowed to develop as 
pure or mixed cultures for 7 days. T cells from each culture were then washed. stained with FITC- 
conjugated antibodies to CD4 and PE-conjugated antibodies to Ly9.1, and sorted into CD4' Ly9.1+ 
(BALB/c) and CD4' Ly9.I - (B10.DZ) populations of >98% purity. These purified T cell populations were 
then activated as in Fig. 1,  and cytokine production during a 48-hour incubaton was measured. (6) 
BALB/c and B10.D2 T cells were prepared, mixed in specific ratios, actvated for 7 days, and separated 
as described in (A). Purified BALB/c (open bars) and B10.D2 (closed bars) T cells were then stirnulated 
with cOVA and 5 x 10"rradlated (1 00 gray) TA3 cells in the absence or presence of IL-12 (5 U/ml), and 
the amount of FN-y  in the medium was determined after 48 hours. (C) Na'ke DO1 1.10 transgenic 
BALB/c (open symbols) and B10.D2 (closed symbols) T cells were purified by cell sorting and activated 
with cOVA and spenocytes without manipulation of cytokines either as pure BALB/c and pure B10.D2 T 
cell populations or as mixtures of various raiios to obtain the indicated number of B10.D2 cells as a 
percentage of total T cells (2.5 X 10"). After 5 days, cells were washed and restimulated with IL-2 (40 
U/ml) alone or both L - 2  and IL-12 (5 U/ml) for 2 days. The cells were then stained with PE-conjugated 
antibodies to Ly9.1 and FITC-conjugated antibodies to CD25, and L-2Ra expression was assayed by 
flow cytometry. For mixed cultures, the T cells were gated on the basis of Ly9.1 expression. IL-12- 
induced expression of L-2Ra was calculated for Ly9.1 ' (open circles) and L y 9 . 1  (closed circles) cells 
and the percentage induction plotted against the percentage of B10.D2 cells in the mlxed primary culture 
(percent induction of L-2Ra = [(geometric mean fluorescence with IL-lZ/geometric mean fluorescence 
wthout IL-12) - 11 X 100). (D) BALB/c (open symbols) or B10.D2 (closed symbols) T cells were prepared 
and cultured with cOVA and irradated spleen cells In the presence of exogenous L - 4  (0 to 1000 U/ml). 
T cells were then restimulated for 48 hours with peptide and irradiated spleen cells alone. and IL-4 in the 
medium was assayed. IL-4 production is plotted as a percentage of the maximum IL-4 value observed for 
each strain, which was 85 and 50 U/m for BALB/c and B10.D2, respectively. Data in (A) to (D) are 
representative of at least three similar experiments. 

mouse chro~nuso~ne 11 (13). This region of 
chromosome 11 contams several candidate 
genes that could influence TH cell iievelop- 
ment, ~ncluding those e~ncodlng IL-4 and 
IRF-1 (interfercm regulating factor-1 ) .  Alle- 
Ilc iiifferences in the IL-4 gene \vould oper- 
ate in a cell-extrinsic manner, a mechanism 
excluded by our results. IRF-1 mediates s o ~ n e  
responses to IFN-y, ~ \ ~ h i c h  is recluireii for 
IL-12 effects on nai've T cells. Allelic differ- 
ences in the IRF-1 gene would oDerate in a 
cell-intrinsic manner, which suggests that it 
may be a potential candidate gene responsi- 
ble for deterlnining susceptibility to infec- 
tion with L. major. 

In  summary, \ve propose a lnodel of L .  
major resista~lce based o n  mai~l te~na~nce of 
the IL-12 signaling pathway, and  not on 
differe~ntial regulation of IL-4 proiiuction. 
Resistant mouse strains such as BlC.D2 that 
maintain IL-12 responsive~ness in vitro un- 
der neutral conditions can generate T H 1  
responses in vlvo when exposed to the  IL- 
12. p rod~~ce i i  during later stages of infection. 
In  contrast, susceptible BALB/c T cells, 
\vhich rapidly lose IL-12 responsiveness in 
vitro, lose the ability to gelnerate protective 
T H 1  responses ciuring i~nfcction in vivo. 
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Susceptibility to Leishmania major Infection in 
In terleu kin-4-Def icien t Mice 

Nancy Noben-Trauth,* Pascale Kropf,* Ingrid Muller? 

Interleukin-4 (IL-4), a pleiotropic cytokine, is a major regulator of the immune system and 
is considered crucial for the development of T helper cell type 2 (TH2) responses. The 
susceptibility of BALB/c mice to infection with Leishmania major has been associated with 
a polarized TH2 response and an inability to down-modulate IL-4 production. The role of 
IL-4 in vivo was examined directly by disrupting the IL-4 gene in BALB/c embryonic stem 
cells. Despite the absence of IL-4, the genetically pure BALB/c mutant mice remained 
susceptible to L. major infection, showed no signs of lesion healing or parasite clearance, 
and did not switch to a TH1 phenotype. 

Infection of mice with Leishmania maior is 
widely used as a model to study the differ- 
ential development of CD4+ T helper cell 
subsets (TH1 and TH2) in vivo. Polarized 
TH1 or TH2 responses mediate healing or 
progressive disease in genetically resistant 
or susceptible strains of mice ( I  ). Suscepti- 
bilitv to infection is correlated with the 
expansion of IL-4-producing TH2 cells, 
whereas the expansion of interferon y 
(IFN-y)-producing TH1 cells in resistant 
strains of mice results in control of the 
infection (2 ,  3). Cytokines released by one 
T helper cell subset cross-regulate the de- 
veloument of the other subset: T-2 cells r, 

suppress TH1 cells by secreting IL-4, where- 
as IFN-y inhibits TH2 cell expansion (4). 
BALB/c mice are highly susceptible to L. 
major infection: They develop progressive 
cutaneous leishmaniasis and fail to control 
the replication of the intracellular parasites. 
O n  the basis of ample published evidence 
(3,  5 ) ,  IL-4 is considered to be a crucial 
cytokine for the development of TH2 re- 
sponses and the susceptibility of BALB/c 
mice to infection with L. major; thus, it is 
thought that the inability of BALB/c mice 
to control L. major infection is due to their 
failure to down-regulate IL-4 production 
during infection (3). IL-4-deficient 
BALBIc mice were therefore used to studv 
the function of IL-4 during the course of L. 
major infection. 

The IL-4 mutant mice used in the 
present study were generated from a recent- 

N. Noben-Trauth, Jackson Laboratory, Bar Harbor, ME 
04609, USA. 

ly derived BALB/c embryonic stem (ES) 
cell line (6). Other IL-4-deficient strains 
(7, 8) contain genetic contributions from 
the 129 inbred strain, which is resistant to 
L. major infection (9). The  use of IL-4- 
deficient mice of mixed susceptible and re- 
sistant genetic backgrounds has led to con- 
flicting interpretations of the role of IL-4 in 
murine acquired immunodeficiency syn- 
drome (AIDS) infection (10). The  use of 
the BALB/c ES cell line to generate genet- 
ically pure BALB/c mice was required be- 
cause the loci for susceptibility to leishman- 
iasis (Scll ), for IL-12p40 (111 2b), and for 
inducible nitric oxide synthase (Nos2) are 
linked to the IL-4 structural gene (114) on 
chromosome 11 ( 1 1 ). 

BALB/c mice defective in IL-4 expres- 
sion were generated as described (6). IL-4 
homozygous mutant (-/-), heterozygous 

Fig. 1. Phenotypic anal- A . . 
vsis of nabe IL-4-defi- 
cient BALB/c mice. (A) 
PCR screening of IL-4- 
targeted mice. Offspring 
from IL-4 heterozygous 
matings were screened 
for the presence of the 
targeted allele by PCR 
amplification of tail genomic DNA (26). Num- 
bers at left indicate base pairs. (B) Lympho- 
cyte composition in wild-type (+/+) and IL-4- 
targeted BALB/c mice (-/-) and cytokine se- 
cretion of na'ive cells after polyclonal stimula- 
tion. Na'ive spleen cells from both groups of 
mice were analyzed for CD3, CD4, and CD8 
expression by flow cytometry (FACScan, Bec- 
ton Dickinson) and stimulated with anti-CD3 

(+/-), and wild-type (+/+) mice were 
detected by polymerase chain reaction 
(PCR) amplification of tail DNA (Fig. 1A).  
The  nai've IL-4 mutant BALBIc mice did 
not display an overtly abnormal phenotype, 
and lymphocyte composition and function 
were comparable with wild-type littermates. 
Spleens from na'ive IL-4+/+ and IL-4-I- 
mice contained comparable numbers of 
CD3+,  CD4+,  and CD8+ cells, and lym- 
phocytes from IL-4-I- mice secreted similar 
amounts of the TH2 cytokine IL-5, but re- 
duced amounts of IL-10 and no IL-4 after 
stimulation with monoclonal antibody 
(mAb) to CD3 (anti-CD3) in vitro (Fig. 
1B). In contrast, a defective TH2 cytokine 
response in other IL-4-targeted mice has 
been reported (8). These discrepancies may 
be due to differences in stimulation proto- 
cols or the mouse strains used. 

The susceptibility of BALB/c mice to L. 
major infection has been correlated with a 
strong IL-4-dominated TH2 response that 
concomitantly down-regulates the poten- 
tially protective IFN-y-dependent TH1 re- 
sponse, resulting in a poor cell-mediated 
immune resuonse and an inabilitv to acti- 
vate macrophages to  kill the intracellular 
parasites. Therefore, we expected the IL-4- 
deficient BALB/c mutant mice to control 
infection; however, infection with L. major 
resulted in the develoument of uronounced 
cutaneous lesions in all groups ( -/-, +/-, 
and +I+) (Fig. 2A). Lesions began to open 
and ulcerate in the fifth week after infec- 
tion in all groups. A t  the same time, the 
lesions of control-infected, genetically re- 
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