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Although previous studies demonstrated a requirement for CD40-CD40 ligand (CD40L) interaction in the
development of resistance to Leishmania infection, we recently showed that mice lacking the gene for CD40L
(CD40L�/� mice) can control Leishmania major infection when they are infected with reduced numbers of
parasites. In this study, we examine the cytokine pattern in healing versus nonhealing CD40L�/� mice and
investigated whether CD40 activation is required for resistance to reinfection. We observed that CD4� cells in
healed CD40L�/� mice produce high levels of gamma interferon compared to cells from nonhealing, high-
dose-inoculated mice. In addition, we observed a higher frequency of interleukin-12 (IL-12)- producing cells
and a reduced number of IL-4-producing cells in mice infected with reduced numbers of parasites. Importantly,
we found that healed CD40L�/� mice are highly resistant to reinfection with a large parasite inoculum. In
addition, by comparing the cytokine patterns at an early and late stage of infection in nonhealing CD40L�/�

mice, we demonstrated that nonhealing CD40L�/� mice produce a weak Th1-type response during the early
stage of infection, but this response wanes as a Th2-type response emerges during late stages of infection.
Anti-IL-4 antibody treatment, starting either at the beginning of infection or at week 4 postinfection enabled
CD40L�/� mice to control a high-dose infection. Together, these results show that CD40-CD40L interaction,
although important for IL-12 production in high-dose infections, is not required for either the development or
maintenance of resistance in mice infected with reduced numbers of parasites.

Cutaneous infection with Leishmania major is a self-limiting
disease in many inbred mice, including the C57BL/6, CBA, C3H,
and 129/J strains. In contrast, BALB/c mice are highly suscep-
tible to L. major and develop progressive, nonhealing cutane-
ous lesions (9, 16). Resistance or susceptibility to L. major is
dependent upon the type of the immune response the mice
develop during infection. Resistant mice develop an interleu-
kin-12 (IL-12)-dependent Th1-type response in which parasite-
specific CD4� cells produce gamma interferon (IFN-�) that
induces the production of nitric oxide and parasite elimination
by macrophages. IL-12 is essential for both the induction of
protective immunity against L. major and maintenance of re-
sistance (13, 26, 27, 32). In contrast, susceptible mice develop
a dominant Th2-type response characterized by the production
of high levels of IL-4 and other Th2 cytokines, but little IFN-�.
It is believed that early IL-4 production in BALB/c mice down-
regulates IL-12 receptor beta 2 (IL-12R�2) chain expression,
resulting in progressive unresponsiveness to IL-12 (14, 15, 18).
Susceptible BALB/c mice treated with anti-IL-4 antibody or
mice deficient in the gene for IL-4 or IL-4R are resistant to
infection, consistent with a role for IL-4 in favoring Th2 re-
sponse (21, 24, 29). In addition to IL-12 and IL-4, several other
cytokines have marked effects on infection with L. major in
mice. For instance, tumor necrosis factor alpha and IFN-�/�
induce the activation of macrophages to produce nitric oxide to
kill L. major and promote the development of a protective

Th1/IFN-� response to infection (3, 34). In contrast, trans-
forming growth factor �, IL-10, and IL-13 favor a Th2-type re-
sponse (2, 20, 22). The immune response to L. major is also
influenced by the size of the parasite dose used to initiate in-
fection, as evidenced by the observation that BALB/c mice de-
velop a stable Th1 response and control infection if inoculated
with �1,000 stationary-phase promastigotes and are resistant
to a pathological challenge infection with L. major (4). Re-
cently, Compton and Farrell (8) demonstrated that BALB/c
mice deficient in CD28 molecule can resolve an infection fol-
lowing inoculation of low numbers of promastigotes which
produce progressive disease in wild-type BALB/c mice.

In the past few years, a number of studies have examined the
role of costimulatory molecules in the development of immune
response to a variety of infections. It has been shown that
CD40-CD40 ligand (CD40L) interactions are important for
induction of protective cell-mediated immunity to both L. ma-
jor and the related protozoan parasite Leishmania amazonen-
sis (5, 19, 31). CD40�/� or CD40L�/� mice on a resistant
C57BL/6 � 129/J background are susceptible to L. major or L.
amazonensis and are markedly impaired in their ability to pro-
duce IL-12 and IFN-� during infection. Susceptibility to Leish-
mania infection can be overcome by treatment of CD40L�/�

mice with exogenous IL-12, suggesting that the CD40-CD40L
costimulatory pathway is critical to IL-12 production. How-
ever, we recently showed that CD40L�/� mice control L. major
infection following inoculation with low numbers of parasites
(25), which suggests that although CD40-CD40L interactions
are important, they are not absolutely required for the devel-
opment of a protective response.
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In this study, we analyzed in detail the cytokine patterns in
nonhealing CD40L�/� mice at early and late stages of L. major
infection and compared them to those in resistant C57BL/6
mice. We also examined the cytokine patterns in healing,
low-dose-infected versus nonhealing, high-dose-infected
CD40L�/� mice. Together, our results show that cells from
CD40L�/� mice produce sufficient IL-12 to promote a domi-
nant Th1-type response following infection with low numbers
of parasites and that resistance to a high-dose challenge infec-
tion in healed mice is independent of CD40 activation. In
addition, we show that production of IL-4 is associated with the
inability of CD40L�/� mice to resolve infection following in-
oculation of a high dose of parasites and that susceptibility can
be reversed following in vivo neutralization of IL-4.

MATERIALS AND METHODS

Parasites and animals. Female C57BL/6 and CD40L�/� mice (B6;129S-
Tnfsf5tm1Imx) were purchased from the Jackson Laboratory (Bar Harbor,
Maine). All mice were 6 to 10 weeks old at the time of infection. L. major (WHO
MHOM/IL/80/Friedlin) was maintained in Grace’s insect cell culture medium
(Life Technologies, Grand Island, N.Y.) containing 20% fetal bovine serum
(FBS), 2 mM L-glutamine, 100 �g of streptomycin, and 100 U of penicillin G
sodium per ml.

Infections. Mice were inoculated by injecting promastigotes into one hind
footpad. Either 2 � 105(high-dose) or 2 � 104 (low-dose) L. major metacyclic
promastigotes, isolated from stationary-phase cultures by negative selection us-
ing peanut agglutinin (Sigma) as described previously (28), were used. The
metacyclic promastigotes were in a volume of 50 �l, and lesion size was measured
weekly with a vernier caliper and expressed as the difference in thickness be-
tween the infected and uninfected contralateral footpad. Parasites were enumer-
ated by a limiting dilution assay as described previously (1). In brief, the homog-
enates of infected lesions or cells from lymph nodes were serially diluted in
Grace’s insect culture medium plus 20% FBS and observed 5 to 7 days later for
growth of promastigotes. Parasite numbers are expressed as the negative log10

dilution at which promastigote growth was observed.
Anti-IL-4 MAb treatment protocol. One group of CD40L�/� mice was treated

intraperitoneally, starting at the beginning of infection with anti-IL-4 monoclonal
antibody (MAb) (11B11; Harlan, Madison, Wis.) on day 1 (5.0 mg/mouse) and
then on days 8 and 15 (3.0 mg/mouse) of infection. In other groups of CD40L�/�

mice, the treatment was started at week 4 postinfection and performed at weekly
intervals for three consecutive weeks with doses of anti-IL-4 MAb similar to the
initial doses.

RNase protection assay. Total RNA was isolated from popliteal draining
lymph nodes using RNA STAT-60 (Tel-Test B, Friendswood, Tex.) as directed
by the manufacturer. mRNA was quantified by a RNase protection assay using
a Riboquant kit (PharMingen, San Diego, Calif.) as directed by the manufac-
turer. A custom probe from PharMingen was prepared using [32P]UTP and
hybridized to 15 �g of each sample RNA. The protected probe was purified and
resolved on 5% denaturing polyacrylamide gels using Ultra Pure Sequagel re-
agents (National Diagnostics, Atlanta, Ga.). Dried gels were exposed to a phos-
phorimaging screen, and protected fragments were visualized using a Phospho-
Imager GS-525 Molecular Imager System (Bio-Rad, Richmond, Calif.).

ELISPOT assay. The numbers of IL-12p40- and IL-4-secreting cells in spleno-
cyte suspensions were determined by using an enzyme-linked immunospot
(ELISPOT) assay as previously described (22, 33). MAbs C17.8 and biotinylated
C15.6, generously provided by Christopher Hunter at the University of Pennsyl-
vania (Philadelphia), were used for IL-12 ELISPOT assay. MAbs 11B11 (Har-
lan) and biotinylated BVD-6 were used to detect IL-4-secreting cells. IL-12- and
IL-4-secreting cells were determined in cell cultures following overnight stimu-
lation with 50 �g of soluble leishmanial antigen (SLA) per ml prepared as
described previously (30).

Cell culture and ELISA. Single-cell suspensions of spleens were cultured at
5 � 106 cells/ml in Dulbecco modified Eagle medium containing 10% FBS, 2 mM
glutamine, 100 U of penicillin G sodium/ml, 100 �g of streptomycin sulfate/ml,
and 5 � 10�5 M 2-mercaptoethanol in the presence of 50 �g of SLA per ml.
Supernatants were collected at 72 h and tested for IFN-� and IL-10 in an
enzyme-linked immunosorbent assay (ELISA). The ELISA for IFN-� was per-
formed as previously described (23). Recombinant IFN-� (generously provided
by Phillip Scott, University of Pennsylvania) was used as the standard. The

reagents for IL-10 ELISA were obtained from PharMingen, and the assay was
run as directed by the manufacturer.

Flow cytometric analysis. For intracellular detection of IFN-�, purified spleno-
cytes were plated in a 96-well plate (Costar) at a density of 4 � 105 cells/well in
a final volume of 200 �l. Cells were stimulated with SLA (50 �g/ml) for 36 h, and
then phorbol myristate acetate (50 ng/ml), ionomycin (500 ng/ml), and brefeldin
A (10 �g/ml; Sigma-Aldrich) were added to cultures during the last 5 h of
stimulation. Cells were harvested, washed, resuspended in fluorescence-activated
cell sorter (FACS) buffer (1� phosphate-buffered saline, 0.2% bovine serum
albumin fraction V, 4 mM sodium azide) and then preincubated with saturating
concentrations of Fc block for 20 min on ice and stained with fluorescein iso-
thiocyanate (FITC)-conjugated anti-CD4 or anti-CD8 (PharMingen) for 30 min
on ice. Cells were then washed with FACS buffer, fixed with 4% (wt/vol) para-
formaldehyde, washed again, and permeabilized with 0.1% (wt/vol) saponin in
FACS buffer. After permeabilization, cells were stained with allophycocyanin-
conjugated anti-IFN-� (PharMingen) for 30 min on ice. Cells were washed once
with 0.1% saponin buffer and then with FACS buffer. Analysis of the cells was
performed using a FACSCalibur flow cytometer (BD Biosciences). Results were
analyzed using CellQuest software (BD Biosciences). The recommended anti-
body concentrations were used to give optimal staining for flow cytometric
analyses.

Statistical analysis. Statistically significant differences between groups were
determined using the unpaired Student’s t test. Significance was assumed if P was
�0.05.

RESULTS

Susceptibility of CD40L�/� mice to L. major is determined
by the challenge dose. We initially compared the course of
infection in CD40L�/� mice inoculated with high and low
parasite doses. CD40L�/� mice were inoculated with either 2
� 105 (high-dose) or 2 � 104 (low-dose) metacyclic promasti-
gotes, and footpad size was measured weekly to assess the
course of infection. As can be seen in Fig. 1, as expected,

FIG. 1. Susceptibility of CD40L�/� mice to L. major is determined
by the challenge dose. CD40L�/� mice were inoculated with either 2 �
105 (high-dose) or 2 � 104 (low-dose) metacyclic promastigotes, and
the infection was monitored for 9 weeks. Lesion size was expressed as
the difference in thickness between the infected and uninfected con-
tralateral footpads. The numbers of lesion parasites at week 9 of
infection were determined by limiting dilution assay and expressed as
the negative log10 dilution at which promastigote growth was observed.
Values are the means 	 standard errors (error bars), with four or five
mice in each group.
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high-dose-inoculated CD40L�/� mice failed to control the in-
fection, as evidenced by continued expansion of lesion size
through week 9. In contrast, mice inoculated with the lower
parasite dose effectively controlled infection, as evidenced by
resolution of footpad lesions, confirming our previous report
(25). When lesion parasite numbers were determined at week
9, low-dose-inoculated mice had 
10-log-units-fewer parasites
than the nonhealing, high-dose-inoculated mice (Fig. 1, insert).

Healing in low-dose-inoculated CD40L�/� mice is associ-
ated with increased IL-12 and IFN-� production. We have
previously shown that the levels of IFN-� produced by cells
from healing, low-dose-inoculated CD40L�/� mice are similar
to those from infected C57BL/6 mice (25). In order to deter-
mine the cytokine patterns in healing versus nonhealing
CD40L�/� mice, we analyzed the frequency of IL-12- and
IL-4-secreting cells in the spleens of the low-dose- or high-
dose-infected groups at week 9 postinfection using an ELI-
SPOT assay and also measured IFN-� production by antigen-
stimulated spleen cells by ELISA. As can be seen in Fig. 2, the
number of IL-12p40-secreting cells and the level of IFN-�

production were significantly higher in low-dose-infected
CD40L�/� mice than in high-dose-infected mice. In contrast,
the number of IL-4-producing cells was significantly reduced in
the low-dose-infected group. Together, these results demon-
strate that reducing the parasite inoculum from 2 � 105 to 2 �
104 promastigotes enabled mice to develop a protective Th1-
type response.

Resistance to reinfection is independent of CD40 activation.
Next, we examined whether CD40-CD40L interactions are re-
quired for the maintenance of protective immunity. CD40L�/�

and C57BL/6 mice were inoculated with 2 � 104 parasites and
allowed to heal. At week 18 of primary infection, healed
CD40L�/� and C57BL/6 mice, as well as naive CD40L�/�

mice, were challenged with a high parasite dose (2 � 105

metacyclic promastigotes) delivered into the contralateral
footpad, and lesion size was monitored weekly to assess the
course of disease. As can be seen in Fig. 3, healed CD40L�/�

and C57BL/6 mice were highly resistant to the challenge in-
fection and exhibited a dominant Th1 response (Fig. 4). Par-
asites were not detected within lesions of healed CD40L�/�

and C57BL/6 mice at week 10 after challenge, confirming that
these mice were highly resistant to reinfection (data not shown).

CD4� cells are the primary IFN-�-producing cells during
L. major infection in CD40L�/� mice. To determine the type of
the cells responsible for resistance during a challenge infection,
splenocytes were harvested at week 10 following reinfection of
healed CD40L�/� and C57BL/6 mice. Cells were restimulated
with SLA (50 �g/ml) for 36 h, followed by another 5 h in the
presence of phorbol myristate acetate, ionomycin, or brefeldin
A. Surface and intracellular staining were performed as de-
scribed above in Materials and Methods at the recommend-
ed concentrations for the antibodies and analyzed using a
FACSCalibur flow cytometer. Nonhealing CD40L�/� mice in-
fected with the high parasite dose were used as controls. Anal-
ysis of cytokine production by week 10 after challenge showed
that CD4� T cells were the dominant IFN-�-secreting cell in
healing mice (Table 1). IFN-�-secreting CD8 cells were also

FIG. 2. Cytokine production in healing versus nonhealing CD40L�/�

mice. Spleen cells from the mice in Fig. 1 were assayed for IL-4, IL-
12p40, and IFN-� production. (A) IL-4 and IL-12p40 production was
measured by direct ELISPOT assay following overnight stimulation of
cells with SLA (50 �g/ml). The data are expressed as mean frequencies
per 106 splenocytes 	 standard errors (error bars), with three or more
mice in each group. (B) IFN-� production was measured in cell super-
natants by ELISA following in vitro stimulation of cells with SLA (50
�g/ml) for 72 h. Values are the means 	 standard errors (error bars),
with three mice in each group.

FIG. 3. Resistance to reinfection is independent of CD40 activa-
tion. CD40L�/� and C57BL/6 mice were inoculated with 2 � 104

L. major metacyclic promastigotes and allowed to heal. Healed
CD40L�/� and C57BL/6 mice and naive CD40L�/� were then rechal-
lenged with 2 � 105 promastigotes, and lesion size was monitored for
9 weeks. Values are the means 	 standard errors (error bars), with
four mice in each group.
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detected, but the numbers of these cells were similar in healing
and nonhealing CD40L�/� mice.

Nonhealing CD40L�/� mice produce a weak Th1-type re-
sponse during early stages of L. major infection. Our findings
that mice can produce IL-12 and mount a protective Th1-type
response in the absence of CD40 signaling suggest that CD40-
CD40L interactions are not indispensable for induction of a
protective Th1-type response to L. major infection. Although
previous studies have observed a defect in IL-12 production in
nonhealing CD40L�/� mice, it is possible that these mice can
produce sufficient IL-12 to mount a protective Th1-type re-
sponse following in vivo blockade of IL-4. Prior to treatment
with anti-IL-4 antibody, we first examined cytokine message
levels in CD40L�/� and C57BL/6 mice following inoculation of
a high dose (2 � 105) of parasites. As evidenced in Fig. 5, the
cytokine patterns at week 4 in CD40L�/� and C57BL/6 mice
were very similar with detectable message levels for IL-12p40
and IL-12R�2. However, the level for IFN-� message was
lower in CD40L�/� mice than in C57BL/6 mice, and IL-4
message, which could not be detected in C57BL/6 mice, was
observed in the CD40L�/� mice. In contrast to week 4, a
pattern of Th2 dominance was clearly present by week 9 in
nonhealing CD40L�/� mice, as evidenced by decreased levels
of message for IFN-�, IL-12, and IL-12�2 and increased
mRNA levels for IL-4 (Fig. 5).

On the basis of these observations, we predicted that treat-
ment with anti-IL-4 antibody would promote healing in high-
dose-infected CD40L�/� mice and that this treatment could be
delayed until several weeks after infection. CD40L�/� mice
were infected with the high parasite dose and treated with
anti-IL-4 MAb starting either at the beginning of infection or
at week 4 postinfection. The results in Fig. 6A demonstrate
that treatment with anti-IL-4 antibody starting either at the
beginning or at week 4 postinfection promoted control of in-
fection in CD40L�/� mice, although lesions in mice treated at
the start of infection were significantly smaller and resolved
more rapidly than those in mice receiving delayed anti-IL-4
antibody treatment. Analysis of parasite numbers confirmed
the protective effects of in vivo IL-4 neutralization (Fig. 6B).
We also examined cytokine production in these mice and ob-
served that spleen cells from CD40L�/� mice treated with
anti-IL-4 antibody produced more IFN-� and less IL-10 (Fig.

7) than the cells from nonhealing control mice. Together, these
results suggest that CD40L�/� mice are fully capable of devel-
oping a Th1-type response following infection with a high
parasite dose, provided that in vivo levels of IL-4 remain low.

DISCUSSION

In this study, we examined how the inoculation of low num-
bers of parasites influences the course of L. major infection in
CD40L�/� mice and also investigated whether CD40-CD40L
interaction is essential for resistance to reinfection. Over
the past few years, a number of studies have examined how
signaling through costimulatory molecules affects cytokine
production and subsequent development of resistance to cuta-
neous leishmaniasis. These studies have shown that CD40-
CD40L interaction appears to be essential for induction of
protective cell-mediated immunity to both L. major and the
related protozoan parasite L. amazonensis, as evidenced by the
observations the mice lacking the genes for CD40 or CD40L
are highly susceptible to infection with these parasites (5, 19,
31). Additional studies have shown that transient treatment
with agonistic antibody to CD40 can also induce resistance in
susceptible BALB/c mice (10), whereas treatment with a neu-
tralizing antibody to CD40L exacerbates the infection in a
resistant mouse strain (12). Susceptibility to infection in these
mice was associated with decreased production of IL-12 and
could be overcome by treatment of CD40L�/� mice with ex-
ogenous IL-12, suggesting that the CD40-CD40L costimula-
tory pathway is a major stimulus for IL-12 production by den-
dritic cells (DCs) or macrophages. A recent vaccine study
combining CD40L with leishmanial antigen provided addi-
tional evidence that CD40 ligation is a potent inducer of in vivo
IL-12 production (7). Although these experiments demon-
strate the importance of CD40-CD40L interactions in promot-
ing resistance to Leishmania infection, they all used a high
parasite inoculum to initiate infection, whereas we have re-
cently shown that CD40L�/� mice can effectively control L.
major infection when inoculated with reduced numbers of par-
asites (25). In this study, we analyzed in greater detail the
healing versus nonhealing patterns in CD40L�/� mice and
confirm that CD40L�/� mice inoculated with low parasite

FIG. 4. IFN-� production by spleen cells from rechallenged or na-
ive CD40L�/� and C57BL/6 mice. At week 9, cells from infected mice
were stimulated in vitro with SLA, and cell supernatants were har-
vested at 72 h and assayed for IFN-�. Values are the means 	 standard
errors (error bars), with four mice in each group.

TABLE 1. IFN-�-producing CD4� and CD8� cells in
two C57BL/6 and CD40L�/� mice

Micea % CD4� cells % CD8� cells

Rechallenged C57BL/6
Mouse 1 6.4 2.8
Mouse 2 7.26 2.5

Rechallenged CD40L�/�

Mouse 1 13 2.92
Mouse 2 8.4 4.86

Naive CD40L�/� (control)
Mouse 1 1.45 3.47
Mouse 2 1.47 6.37

a Rechallenged C57BL/6 and CD40L�/� mice were healed, low-dose-infected
mice, and naive CD40L�/� mice were inoculated with high parasite doses.
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numbers control the infection efficiently and developed a pro-
tective Th1 response.

Our observation that low-dose-infected CD40L�/� mice
heal and develop resistance to reinfection with high parasite
dose suggests that protective Th1 immunity can be achieved
against L. major, independent of CD40 activation. This was
confirmed by our demonstration that cells from low-dose-in-
oculated CD40L�/� mice produced high levels of IFN-� and
that spleens from infected mice had significantly higher num-
bers of IL-12-secreting cells and fewer IL-4-secreting cells
compared to mice inoculated with a high parasite dose. We
also found that CD4� T cells are the dominant IFN-�-secret-
ing cells in both resistant C57BL/6 and CD40L�/� mice, sug-
gesting that a classical Th1 type response developed in the
absence of CD40L costimulation. These results are in contrast
to previous reports, suggesting that CD4� cells are defective in
the absence of CD40-CD40L interaction and fail to differen-
tiate into IFN-�-producing Th1-type cells (11, 17).

Since CD40L�/� mice infected with the higher parasite dose
appeared to ultimately develop a dominant Th2-type response,
we further analyzed the response in these mice by examining
cytokine mRNA levels during infection. At week 4 of infection,
levels of IFN-� message were lower in CD40L�/� mice than in
C57BL/6 mice, and low levels of IL-4 message, which could not
be detected in C57BL/6 mice, were observed in the CD40L�/�

mice. However, message levels for IL-12p40 and IL-12R�2 in
these mice were comparable. However, by week 9, message
levels for IFN-�, IL-12p40, and IL-12R�2 decreased, while
those for IL-4 were elevated, suggesting that Th1-type cytokine
production during early stages of infection wanes as a Th2-type
response emerges during later stages of infection. Interest-
ingly, treatment of CD40L�/� mice with anti-IL-4 MAb as late
as week 4 postinfection led to control of infection, suggesting
that blockade of IL-4 can reverse the effects of developing a
Th2-type response. The capacity of delayed anti-IL-4 treat-
ment to promote healing in CD40L�/� mice differentiates
these mice from BALB/c mice in which anti-IL-4 antibody
must be administered at the start of infection in order to
promote resistance (6), although the disease progression was
substantially inhibited. A possible reason for these differing
results may be the different nature of the Th1 or Th2 pheno-
type of the associated immune response at the time of initiat-
ing treatment and the different genetic backgrounds of the
mice used in these two studies. In genetically susceptible
BALB/c mice, early IL-4 production quickly down-regulates
IL-12R�2 chain expression on CD4� T cells, resulting in a
state of unresponsiveness to IL-12 required for Th1-type re-
sponse during L. major infection (14, 15, 18), whereas lower
levels of IL-4 production combined with enhanced levels of
IL-12R�2 chain expression in CD40L�/� mice enable IL-4

FIG. 5. CD40L�/� mice exhibit a Th2-type cytokine profile by week 9 of infection. Cytokine and cytokine receptor mRNA levels in the lymph
nodes of CD40L�/� and C57BL/6 mice were compared at weeks 4 and 9 following infection with 2 � 105 L. major metacyclic promastigotes (high
dose). For the week 4 gel, the levels of cytokine and cytokine receptor mRNA from a naive mouse (lanes 1) and two individual infected mice (lanes
2 and 3) are shown. For the week 9 gel, the levels of cytokine and cytokine receptor mRNA from two individual infected mice (lanes 1 and 2) are
shown. MIF, migration inhibitory factor.
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blockade to halt the development of a dominant Th2-type
response.

In summary, we demonstrate here that CD40-CD40L inter-
actions, although important, are not absolutely essential for
IL-12 production and initiation of Th1-type response against
L. major infection, provided that mice are not inoculated with
a high dose of parasites. In addition, we show that resistance to
reinfection is independent of CD40 activation. Given the im-
portance of IL-12 in the induction of a Th1 response as well as

maintenance of resistance to infection with L. major, our re-
sults suggest that alternative pathways of IL-12 production
occur in the absence of CD40-CD40L interaction. Whether L.
major directly induced IL-12 production by antigen-presenting
cells or whether other costimulatory interactions are important
for in vivo IL-12 production has yet to be determined. How-
ever, it is clear that a reduction in levels of infection may reveal
additional components of the immune response that are ob-
scured following inoculation of high numbers of parasites.
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