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Immunodepletion studies of P-4-vaccinated mice indicate that CD4� and not CD8� T cells are critical for
protection against Leishmania pifanoi (Leishmania mexicana complex). Although a moderate CD8� T-cell
response is elicited by vaccination, CD4� T cells are the dominant responding population in vitro and at the
cutaneous site of infection. These protective T cells produce gamma interferon (IFN-�), macrophage migration
inhibitory factor (MIF), and tumor necrosis factor/lymphotoxin (TNF/LT), each of which significantly con-
tributed to intracellular parasite destruction in vitro. These results indicate that a singular CD4� T-cell
response (IFN-�, MIF, and/or LT/TNF) can provide protection against New World cutaneous leishmaniasis.

To evaluate the contributions of CD4� and CD8� T cells to
the protection induced by P-4 vaccination, mice were vacci-
nated using Propionibacterium acnes (“Corynebacterium par-
vum”) as an adjuvant (2, 15), and specific T-cell subsets were
depleted as described previously (2). Mice were then infected
with 106 Leishmania pifanoi promastigotes. While progressive
disease in terms of lesion size and parasite burden (Fig. 1)
developed for control mice (receiving either phosphate-buff-
ered saline or the adjuvant, P. acnes, alone), vaccinated mice
showed no lesion development. Notably, no lesion develop-
ment could be detected in CD8�-depleted P-4-vaccinated
mice. Similar to the P-4-vaccinated group, mice depleted of
CD8� T cells also did not have detectable parasites at 12 weeks
postinfection.

In contrast, the depletion of CD4� T cells alone completely
reversed protection at 4 weeks postinfection, since parasite
burdens in depleted and nonvaccinated mice were identical
(Fig. 1C). However, at 8 and 12 weeks postinfection, CD4-
depleted P-4-vaccinated mice had parasite burdens somewhat
lower than those of control mice but significantly higher than
those of P-4-vaccinated mice. Fluorescence-activated cell sort-
ing (FACS) analyses of CD4-depleted P-4-vaccinated mice in-
dicated that CD4� T cells were reconstituted by 5 to 6 weeks
postinfection (data not shown). These results are consistent
with earlier studies that demonstrated that transient depletion
of CD4� T cells delayed (by 5 to 7 weeks) but did not prevent
the anamnestic response in immune mice (4). The residual
protection at 8 to 12 weeks postinfection is likely due to a
reconstitution of P-4-specific CD4� T cells.

These data clearly indicate that CD4� T cells significantly, if
not singularly, are responsible for protection induced by P-4
vaccination. However, it was unclear whether the apparent lack
of a CD8� T-cell response contributing to protection might be

due to the ability of an overwhelming CD4� T-cell response to
compensate for a CD8 deficiency. Therefore, to further exam-
ine the contribution of CD8� T cells to protection, mice were
vaccinated two times with P-4 together with P. acnes (which
results in partial protection), and the effects of CD4� or CD8�

T-cell depletion were examined. Again, as shown in Fig. 1B,
protection was found to depend upon CD4� and not CD8� T
cells. Consequently, it appeared that CD8� T cells neither
contributed to nor were required for protection against L.
pifanoi infection in the P-4-vaccinated BALB/c mice.

To evaluate the effector mechanisms of the CD4� T cells
(Fig. 2), an initial assessment of the cytokine responses of the
vaccinated and adjuvant control groups of mice was performed
using RNase protection at 4 weeks postinfection, using mRNA
isolated from the draining lymph node cells. As shown in Fig.
2, the mice protectively immunized with P-4 expressed 9.6-,
11.5-, and 9.9-fold higher levels of tumor necrosis factor alpha
(TNF-�), gamma interferon (IFN-�), and macrophage migra-
tion inhibitory factor (MIF) mRNAs, respectively, than the P.
acnes-immunized control mice. In addition, slightly elevated
levels of TNF-� (2.5-fold) were found.

Given the known role of TNF-� and IFN-� in protection
against leishmaniasis, the comparative levels of these cytokines
produced in the vaccinated and control mice were determined;
in addition, the levels of interleukin 2 (IL-2) and IL-4 pro-
duced were evaluated. After 4 weeks of infection, isolated
splenic T cells (P-4 vaccinated, P-4 vaccinated and immunode-
pleted, and control) were restimulated with P-4 antigen, and
cytokine levels were determined (Fig. 3). T cells from P-4-
vaccinated mice produced significantly higher levels of IFN-�
and IL-2 in response to antigen (Fig. 3A and C). Both groups
(Fig. 3B) produced comparable levels of IL-4. Interestingly,
the depletion of CD4� T cells but not CD8� T cells resulted in
the reduction of IL-2 and IFN-� levels, suggesting that CD4�

T cells were primarily responsible for the enhanced levels of
these cytokines in the protectively vaccinated mice. Further,
lymphocytes from the P-4-vaccinated mice (and CD8-depleted
P-4-vaccinated mice) secreted higher levels of lymphotoxin
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(LT)/TNF than those found for control groups of mice (Fig.
3D). In particular, vaccinated mice depleted of CD4� T cells
made negligible levels of LT/TNF, suggesting that these cells
are critical for the induction and/or production of these cyto-
kines. These results are consistent with RNase protection assay
results, which indicated an enhanced mixture of IFN-�, LT�,
TNF-�, and TNF-� produced in response to infection in the
protectively vaccinated mice (Fig. 2).

Overall, these results suggest that CD4� T cells are primar-

FIG. 1. Evaluation of the contribution of CD4 and CD8 T cells to
protection induced by vaccination with the P-4 antigen. (A) BALB/c
mice (10/group) were immunized three times at biweekly intervals with
purified P-4 antigen along with P. acnes as an adjuvant. Six weeks after
the last immunization, depletion of CD4� and CD8� T cells was
performed as described previously (2). FACS analyses of uninfected
mice indicated that 98% of CD4 T cells and 96% of CD8 T cells had
been depleted. Mice were then infected with 106 late log L. pifanoi
promastigotes. Disease progression was monitored by measurements
of lesion development, which is expressed as a ratio of the size of the
infected right foot to that of the uninfected left foot. Data shown are

FIG. 2. mRNA levels of cytokines in draining lymph nodes. Lymph
node cells from control (P. acnes-immunized) and P-4-immunized
mice were isolated after 4 weeks of infection and cultured for 72 h in
the presence of P-4 antigen. mRNA expression in the cells for different
cytokines of interest were determined by RNase protection assay.
Intensity for each band (representing a cytokine) was measured by a
densitometer. Data were normalized to the level of glyceraldehyde-3-
phosphate dehydrogenase expressed in each sample. Each value rep-
resents the density of the cytokine relative to corresponding glyceral-
dehyde-3-phosphate dehydrogenase density, considered to be 100.
These results are representative of three experiments.

average values � standard errors and are representative of two inde-
pendent experiments. (Using a Student t test: �, P � 0.02 in compar-
ison to P-4 vaccinated; ��, P � 0.002 for P-4 vaccinated and CD8-
depleted P-4 vaccinated in comparison to adjuvant control.) (B) T-cell
depletion and parasite challenge were performed as indicated for Fig.
1A. However, mice were immunized either twice (2ximm) or three
times (P-4) with P-4 antigen together with P. acnes. Groups of mice
that were vaccinated twice with P-4 were depleted of either CD4� or
CD8� T cells; depleted mice are denoted as 2x CD4depl and 2x
CD8depl, respectively. Lesion sizes were measured at different time
points after infection, as indicated. Ten mice were used per group.
Data shown are averaged values � standard errors for each group. (��,
P � 0.002, and �, P � 0.02, compared to adjuvant control; $, P � 0.22,
comparison of 2� P-4-vaccinated/ CD4-depleted mice to adjuvant
control mice; P � 0.28, 2� P-4-vaccinated CD8-depleted mice com-
pared to P-4-vaccinated mice). (C) Parasite burden analyses of lesions
from the site of infection of 3�- P-4-vaccinated and nonvaccinated
(adjuvant control) BALB/c mice (from experiment shown in A). The
numbers of lesion parasites were determined by limiting-dilution assay
at the indicated time points after infection. Data shown are means for
six mice per group. Student t test: �, P � 0.02; ��, P � 0.001; #, P 	
0.05 (when compared to adjuvant control); $, P � 0.001, comparison of
P-4-vaccinated and CD4-depleted P-4 vaccinated mice. Note: P � 0.3
when CD8-depleted P-4 vaccinated mice are compared to P-4-vacci-
nated mice (all three time points).
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ily responsible for the enhanced levels of IFN-� and TNF-�/LT
produced in response to infection in the P-4-vaccinated mice.
Interestingly, CD4� T-cell depletion had no effect on the levels
of IL-4 produced, although a reversal of protection was ob-
served. Consequently, a reduction of the strong Th1-like re-
sponse (rather than an increased TC2/Th2-like response) ap-
pears to be responsible for the lack of protection observed in
the CD4-depleted P-4-vaccinated BALB/c mice.

To determine the potential contribution of TNF-�/LT,
IFN-�, and MIF to the control of infection, the effect of spe-
cific antibody inhibition was examined in an in vitro macro-
phage-parasite cytolytic assay. As shown in Fig. 4, the number
of parasites detected per 100 macrophages cultured with T
cells from P-4-immunized mice was 100-fold less than that of
those cultured with T cells from the P. acnes-immunized con-
trol mice. Addition of antibodies against either TNF-�/LT,
IFN-�, or MIF significantly increased parasite survival. Addi-
tion of the three antibodies simultaneously completely abro-
gated parasite killing.

Interestingly, TNF/LT appeared to mediate the largest effect

on macrophage-mediated parasite killing, since the greatest
inhibition was found when anti-TNF antibody was present.
TNF-�/LT and MIF have been shown to contribute to the
control of cutaneous leishmanial infection caused by Leishma-
nia major (5, 8, 9, 14, 17, 18). LT/TNF-� has been shown to be
required for MIF-mediated killing of Leishmania major (5). A
role for TNF/LT in the control of infection caused by Leish-
mania mexicana complex parasites is less clear (6, 13, 16), and
both disease exacerbation and resolution have been reported.
The role of MIF in New World leishmaniasis has not been
previously examined. However, given the role of this cytokine
in the host inflammatory response and Th1 T-cell induction (1,
3, 7), these results suggest that further investigation of the
contribution of this cytokine to the healing response to New
World leishmaniasis is warranted. Together these data indicate
that the cytokines TNF-�/LT, IFN-�, and MIF potentially con-
tribute to the control of L. pifanoi (L. mexicana complex)
infection in P-4-vaccinated mice.

The reason for the lack of a CD8 T-cell contribution to
protection was not clear. Previous vaccine studies employing P.

FIG. 3. Cytokine levels produced in response to infection in vaccinated and control mice. The IL-2 (A), IL-4 (B), IFN-� (C), and TNF-�/LT
(D) levels in spleen cell culture supernatants of control and P-4-vaccinated mice. Splenic T lymphocytes were isolated from different groups of mice
after 4 weeks of infection and cultured with P-4 antigen as described previously (15). IL-2, IL-4, and IFN-� levels in the supernatants were
measured by enzyme-linked immunosorbent assay. Data shown are means of different cytokine levels in the supernatants from P-4 antigen-
containing cultures in three duplicate wells. TNF/LT levels in the spleen culture supernatants were evaluated using a cytotoxicity assay employing
MTT and the L929 cell line. The TNF/LT concentration required to achieve 50% cytotoxicity was considered 1 unit. These results are
representative of three independent determinations. Student t test: �, P � 0.01; ��, P � 0.001 (compared to adjuvant controls).

VOL. 73, 2005 NOTES 3825



acnes as an adjuvant have resulted in the induction of effector
CD4� and CD8� T cells (2, 10). Further, epitope scanning of
the P-4 sequence (11, 12) indicated the existence of 10 Kd

epitopes (nonamers) with scores of 18 to 24, suggesting that
several H-2d major histocompatibility complex class I epitopes
potentially exist within the P-4 protein. Consequently, the T-
cell response (CD4 and CD8) of noninfected, P-4-vaccinated
mice was further examined (Table 1). When T lymphocytes
were restimulated with P-4 protein in vitro using irradiated
spleen cells as antigen-presenting cells, both CD4� and CD8�

cells were observed to proliferate. These levels were signifi-
cantly above that found in control mice (vaccinated with P.
acnes alone). Overall, in the P-4-vaccinated mice, there were

3.5- and 1.4-fold increases in the level of IFN-�-producing
CD4� and CD8� cells, respectively, over those in control mice
(P. acnes vaccinated). However, among the responding BLAST
cell populations, a higher percentage of memory/responding
and IFN-�-producing BLAST CD4� T cells than CD8� T cells
was observed in response to P-4 antigen (Table 1). Notably,
85% of the IFN-�-producing BLAST cells were CD4� T cells.
These results indicated that vaccination with P-4 antigen, to-
gether with P. acnes as an adjuvant, elicited antigen-specific
CD8� T cells. However, there was a predominant CD4� T-cell
response.

This CD8� T-cell response, although low, suggested that
these cells could, in fact, potentially contribute to protection in
the vaccinated mice. However, it was possible that P-4 protein-
pulsed macrophages were not representative of antigen pre-
sentation during infection. Consequently, the level of P-4 pre-
sentation by peritoneal macrophages infected with L. pifanoi
was examined. As shown in Table 1, the IFN-� response of
CD4� T cells to infected macrophages was significantly higher
for P-4-immunized mice than for control mice (11.9% versus
3.85%; 3.1-fold increase). In contrast, there was only a small
increase in the percentage of IFN-�-producing CD8� T cells
(0.81% for control versus 1.21% for P-4 vaccinated; 1.5-fold
increase). These data suggest that the dominant T-cell re-
sponse to P-4 antigen presentation to infected macrophages
was a CD4� T-cell response. These results are consistent with
total IFN-� production determined by enzyme-linked immu-
nosorbent assay (Fig. 3) for the P-4-vaccinated mice, which was
unchanged in the CD8-depleted mice. Further, the responding
lymphocyte cell populations at the cutaneous site of infection
were examined at 4 weeks postinfection. The percentage of
CD4� T cells producing IFN-� was 25.8% in P-4-immunized
mice, whereas 3.57% of the CD4� T cells in control mice were
producing IFN-�; this represents a 7.2-fold increase in CD4�

IFN-�-producing cells in the P-4-vaccinated mice. However,
the levels of IFN-�-producing CD8� T cells were comparable
for both groups of mice. These results are consistent with
immunodepletion results and indicate a lack of enhanced
CD8� T-cell activity and contribution to parasite control at the
site of infection of P-4-vaccinated mice. Therefore, it appears
that although P-4 antigen-specific CD8� T cells are elicited
during vaccination, CD4� T cells predominate and CD8� T
cells are not significantly activated/retained at the site of in-
fection above levels found in control mice. Hence, the lack of
CD8� T-cell contribution to protection appears to reflect the
overall CD4�/CD8� proportions of P-4-specific T populations
in the vaccinated mice.

In conclusion, in the current study, we have further charac-
terized the immune response elicited by the P-4 antigen in L.
pifanoi-infected BALB/c mice in terms of the involvement of
CD4�/CD8� T cells and the cytokine effectors. The protection
mediated by P-4 is long lived and independent of CD8� T cells
and appears to involve the production of MIF and TNF/LT, as
well as IFN-�. Although P-4 antigen-specific CD8� T cells are
elicited in the vaccinated mice, a predominant CD4� T-cell
response is found and appears to control infection. This is the
first demonstration of which we are aware of complete protec-
tion against cutaneous leishmaniasis in vaccinated mice being

FIG. 4. Cytokine regulation of macrophage-mediated L. pifanoi
killing. Shown are the results of macrophage-Leishmania killing assays.
Isolated T cells from either P. acnes-vaccinated or P-4 plus P. acnes-
vaccinated BALB/c mice were incubated together with L. pifanoi-
infected peritoneal exudate macrophages. Antibodies (anti-IFN-�,
anti-TNF-�/LT, and/or anti-MIF) were added to the cultures, as indi-
cated, to a final concentration of 10 
g/ml for each antibody. After
72 h, macrophages were washed, dried, fixed with methanol, and
stained with 4�,6�-diamidino-2-phenylindole. The number of parasites
per 100 macrophages and the percentage of infected macrophages
were determined microscopically. Results are the averaged values of
three independent experiments. Student t test: ��, P � 0.01; �, P � 0.05
(compared to T cells from P-4-vaccinated mice); in A, P � 0.5, and in
B, P � 0.1, when adjuvant control is compared with combination of
anti-IFN-�, anti-TNF-�/LT, and anti-MIF.
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afforded by CD4 T cells alone. These observations suggest that
CD8� T cells may not always be critical in the maintenance of
protection against New World cutaneous leishmaniasis.
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TABLE 1. FACS analysis of T-cell responses of P-4-vaccinated micea

Group
% CD4 cells with: % CD8 cells with: % CD4 IFN-� cellsb with: % CD8, IFN-� cellsb with:

P. acnes P-4 P. acnes P-4 P. acnes P-4 P. acnes P-4

In vitro T-cell response to
purified P-4 Ag

40.33 � 0.71 67.43 � 0.61 15.13 � 0.31 21.20 � 0.66 4.14 � 0.15 16.50 � 0.61� 5.87 � 0.15 10.07 � 0.25

In vitro T-cell response to L.
pifanoi infected
macrophages

28.20 � 0.56 34.73 � 0.57 8.79 � 0.52 7.01 � 0.21 3.85 � 0.22 11.87 � 0.15� 0.81 � 0.05 1.21 � 0.18

Ear dermis T cells from
infected mice stimulated
with purified P-4 Ag

13.00 � 1.00 14.00 � 0.80 12.67 � 1.53 8.33 � 1.26 3.59 � 0.40 25.37 � 0.67� 16.20 � 0.36 14.43 � 0.61

a Results from FACS analyses of the responding T-cell subpopulations from noninfected P-4-vaccinated or adjuvant control mice. Isolated T lymphocytes were
stimulated for 72 h with purified P-4 antigen (Ag) in the presence of irradiated spleen cells as antigen-presenting cells or were cultured in the presence of L. pifanoi
amastigote-infected starch-elicited PEC macrophages (1:10, macrophage:parasite ratio). Alternatively, cells from the site of infection were analyzed in P-4 thrice-
vaccinated mice at 4 weeks postinfection. FACS analyses for cell surface markers and intercellular IFN were performed as previously described (2). All results are mean
values � standard errors obtained from groups of three mice. �, P � 0.001, P-4 vaccinated mice in comparison to adjuvant (P. acnes) control mice, using a Student
t test.

b Cells producing IFN-�.
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