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E

arly during an immune response naive CD4 T cells commit themselves to either a Th1 or a Th2 developmental
pathway. This decision is strongly influenced by the cytokines present in the localized environment during activation of
the CD4 T cells. In particular, IL-12 and IFN-␥ have been identified as key regulators of Th1 development, and IL-4 is considered
the key regulator of Th2 development (1). The lack of proper lineage development can adversely affect the outcome of infection,
which is most clearly observed in C57BL/6 (B6) and BALB/c
mice infected with the parasite Leishmania major. B6 mice develop a protective Th1 response and clear the infection, whereas
BALB/c mice mount a nonprotective Th2 response, fail to control
the infection, and develop progressive disease (2).
Most of the data addressing the mechanisms underlying Th1Th2 lineage commitment by CD4 T cells have been acquired using
in vitro experiments that involve culturing of cells in specific cytokine environments. It is has been recently demonstrated that CD4
T cells cultured under Th1 conditions express the transcription
factor T-bet (3, 4), whereas CD4 T cells cultured under Th2 conditions express the transcription factor GATA-3 (5, 6). The expression of these transcription factors is extremely specific for
each lineage. Forced expression of T-bet can make Th2 CD4 T
cells produce IFN-␥, a Th1-specific cytokine (3).
It has long been observed that the cytokines that foster the development of Th1 cells inhibit the development of Th2 cells and
vice versa (7, 8); however, the exact mechanism(s) by which this
is accomplished is currently unknown. A recent report (9) dem-

onstrated that both chains of the IFN-␥R colocalized with the TCR
during activation of naive CD4 T cells in vitro with either Agexpressing APCs or TCR cross-linking with Ab. In addition, the
authors demonstrated that the TCR-IFN-␥R colocalization did not
occur in the presence of IL-4. These data suggest the intriguing
hypotheses that TCR-IFN-␥R colocalization could be important
for the generation of Th1 CD4 T cells and that inhibition of this
process could be the mechanism by which the Th2-inducing cytokine IL-4 inhibited the development of Th1 CD4 T cells.
To address the potential requirement for TCR-IFN-␥R colocalization in Th1 CD4 T cell generation in vivo, we infected wildtype (wt),3 IFN-␥⫺/⫺, IFN-␥R1⫺/⫺, and IFN-␥R2⫺/⫺ mice with
Listeria monocytogenes (LM) or lymphocytic choriomeningitis virus (LCMV), both of which induce vigorous CD4 T cell responses
to well-characterized Ags (10 –12). Our data demonstrate that Th1
Ag-specific CD4 T cells can be generated in the absence of either
chain of the IFN-␥R, indicating that colocalization of the TCR
with an intact IFN-␥R is not required for the generation of Th1committed Ag-specific CD4 T cells.

Materials and Methods
Mice
C57BL/6 mice (National Cancer Institute), 129SVE mice (Taconic Farms),
and IFN-␥⫺/⫺ and IFN-␥R1⫺/⫺ mice (B6 background; The Jackson Laboratory) were purchased for use in these experiments. IFN-␥R2⫺/⫺ mice
(129SVE background) (13) were generously provided by Dr. P. Rothman
(University of Iowa, Iowa City, IA). All animal experiments followed approved institutional animal care and use committee protocols.
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LM expressing OVA was a gift from Dr. L. Lefrancois (University of
Connecticut, Farmington, CT) (14). An attenuated version of this strain
was created by introducing an in-frame deletion in the actA gene as previously described (15). Bacteria were grown and quantified as previously
described (16, 17). All bacterial infections were via i.v. injection. The
Armstrong strain of LCMV was propagated and titrated as previously described (18). Approximately 2 ⫻ 105 PFU was given to each mouse i.p.
3
Abbreviations used in this paper: wt, wild type; ICS, intracellular cytokine staining;
LCMV, lymphocytic choriomeningitis virus; LLO, listeriolysin O; LM, Listeria
monocytogenes; NP, nuclear protein; p.i., postinfection.
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The precise mechanisms that govern the commitment of CD4 T cells to become Th1 or Th2 cells in vivo are incompletely
understood. Recent experiments demonstrate colocalization of the IFN-␥R chains with the TCR during activation of naive CD4
T cells, suggesting that association of these molecules may be involved in determining lineage commitment. To test the role of
IFN-␥ and its receptor in the generation of Th1 Ag-specific CD4 T cells, we analyzed mice after infection with Listeria monocytogenes or lymphocytic choriomeningitis virus. In the absence of IFN-␥, Ag-specific CD4 T cells were generated in response to both
these infections. In addition, IFN-␥-producing (Th1) Ag-specific CD4 T cells were generated in mice lacking the ligand-binding
chain of the IFN-␥R (IFN-␥R1ⴚ/ⴚ) or the signaling chain (IFN-␥R2ⴚ/ⴚ). There was no increase in the number of IL-4-producing
Ag-specific CD4 T cells, nor was there a decrease in the expression of T-bet in the absence of functional IFN-␥ signaling, indicating
that the cells were committed Th1 cells. Thus, both chains of the IFN-␥R are dispensable for the generation of Th1 Ag-specific CD4
T cells after infection in vivo. The Journal of Immunology, 2005, 175: 3117–3122.
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Intracellular cytokine staining (ICS) and quantification of Agspecific CD4 T cells
Surface staining for CD4 (L3T4; BD Pharmingen) and Thy1.2 (53-2.1; BD
Pharmingen) and intracellular staining for IFN-␥ (XMG1.2; BD Pharmingen), TNF (MP6-XT22; e-Bioscience), IL-4 (11B11; BD Pharmingen), or
IL-5 (TRFK5; BD Pharmingen) were performed as previously described
after incubation with listeriolysin O (LLO)190 –201, gp61– 80, nuclear protein (NP)309 –328, or no peptide (19). The total number of Ag-specific CD4
T cells per spleen was calculated by multiplying the frequency of CD4⫹/
Thy1.2⫹/IFN-␥⫹ or TNF⫹ cells after stimulation with specific peptide by
the total number of splenocytes.

ELISPOT

CD4 T cell purification and RT-PCR
Splenocytes were stained with PE-conjugated CD4 (clone L3T4), then labeled with anti-PE-coated magnetic beads according to manufacturer’s instructions (Miltenyi Biotec). Labeled CD4 T cells were then recovered by
AutoMACS separation (Posseld program). Purity was assessed by FACS
analysis before RNA isolation. All cell samples were purified to ⬎90%
CD4⫹. RNA was isolated from purified T cells using the RNeasy Mini Kit
with additional on-column DNase treatment according to the manufacturer’s instructions (Qiagen). cDNA was synthesized using a reaction mix
including random hexamers and Moloney murine leukemia virus reverse
transcriptase.
Amplification of cDNA for T-bet and GATA-3 from purified CD4 T
cells was performed using RT-PCR as previously described (21). GAPDH
was amplified together with each target gene and was used to normalize
expression levels. Appropriate bands on ethidium bromide-stained gels
were quantitated using ImageQuant 3.3. Oligos used in these experiments
were (5⬘-3⬘): T-bet forward, GCGCCAGGAAGTTTCATTTGGGAA; Tbet reverse, ACAGCTCGGAACTCCGCTTCATAA; GATA-3 forward,
AGAAAGAAGGCATCCAGACCCGAA; and GATA-3 reverse, AG
GACCTCTTCGCACACTTGGAGA. GAPDH primers were part of the
TaqMan Rodent GAPDH Control Reagents kit (Applied Biosystems).

FIGURE 1. Ag-specific CD4 T cell generation in the absence of IFN-␥.
IFN-␥⫺/⫺ (B6 background) and wt B6 mice were infected with LM. A and
B, ICS for TNF was performed on splenocytes harvested from wt B6 (A)
and IFN-␥⫺/⫺ (B) mice on day 7 p.i. after a 6-h in vitro stimulation with
LLO190 –201 (top panels) or no peptide (bottom panels). FACS plots were
first gated on CD4⫹ cells and are representative of three experiments.
Numbers indicate the frequency of Thy1.2⫹/TNF⫹ cells within the CD4⫹
population. C, Total number of Ag-specific CD4 T cells per spleen. Statistical analysis was performed using Student’s t test. ⴱ, p ⬍ 0.05.

Results
IFN-␥ can up-regulate the autocrine production of IFN-␥ by DCs
(22) and is considered a major effector cytokine of Th1 CD4 T
cells (23). To determine the requirement for IFN-␥ in the generation of Ag-specific CD4 T cells, wt B6 and IFN-␥⫺/⫺ B6 mice
were infected with ⬃0.1 LD50 of an attenuated actA-deficient
strain of LM that is cleared from both strains by day 5 p.i. (data
not shown) (16). CD4 T cells specific for LLO190 –201, an
I-Ab-restricted CD4 T cell epitope, were detected by peptide
stimulation and ICS for TNF. As shown in Fig. 1, TNFproducing LLO190 –201-specific CD4 T cells were detected in
both wt B6 mice (Fig. 1A) and IFN-␥⫺/⫺ B6 mice (Fig. 1B) on
day 7 p.i. When total numbers of LLO190 –201-specific CD4 T
cells per spleen were calculated (Fig. 1C), it was determined
that the IFN-␥⫺/⫺ B6 mice were capable of generating a
slightly larger Ag-specific CD4 T cell response than the wt B6
mice. Total numbers of splenocytes were not different between
the two groups of mice (wt B6, 1.45 ⫻ 108⫾ 2.85 ⫻ 107;
IFN-␥⫺/⫺, 1.42 ⫻ 108⫾ 3.40 ⫻ 107; p ⫽ 0.86). These data
demonstrate that IFN-␥ is not required for the generation of
Ag-specific CD4 T cells after infection with LM.
The IFN-␥R is composed of two unique chains, IFN-␥R1 and
IFN-␥R2 (24, 25). Both chains are required for responsiveness to

IFN-␥ (26). IFN-␥R1 is the ligand-binding portion of the receptor
and is constitutively expressed on most cells (27), including naive
T cells (28). A recent report demonstrated that IFN-␥R1 colocalized with the TCR during, but not before, naive CD4 T cell activation in vitro (9). Colocalization of IFN-␥R1 with the TCR was
abrogated in the presence of IL-4 via a process dependent on
STAT6, which is a major signaling component directly downstream of the IL-4R. Thus, IFN-␥R recruitment to the TCR could
potentially serve an important function in Th1 lineage commitment
by CD4 T cells (9). To test the requirement for IFN-␥R1 colocalization with the TCR for the generation of Th1 Ag-specific CD4 T
cells in vivo, we infected wt and IFN-␥R1⫺/⫺ mice with actA⫺
LM and analyzed splenocytes from these mice on day 7 p.i. for the
presence of IFN-␥-producing (Th1) LLO190 –201-specific CD4 T
cells. IFN-␥R1⫺/⫺ mice cleared the actA⫺ LM infection by day 5
p.i. (data not shown). As shown in Fig. 2, substantial expansion of
IFN-␥-producing LLO190 –201-specific CD4 T cells was detected
on day 7 p.i. in both wt B6 and IFN-␥R1⫺/⫺ mice, which resulted
in similar frequencies (Fig. 2, A and B) and a ⬍2-fold difference in
total numbers of Ag-specific CD4 T cells (Fig. 2C). Total numbers
of splenocytes were not different between the two groups of mice
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The ELISPOT assay was performed as previously described (20). Briefly,
microtiter plates were coated with anti-IL-4 (clone 11B11; eBioscience).
Whole splenocytes (5 ⫻ 106 to 2.5 ⫻ 105) from wt 129SVE and IFN␥R2⫺/⫺ mice on day 7 postinfection (p.i.) were plated in triplicate together
with 1 ⫻ 106 irradiated splenocytes pulsed with 1 mM LLO190 –201 or
nonpulsed splenocytes. Cells were cultured for 41 h before the biotinylated
anti-IL-4 capture Ab (clone BVD6-24G2; eBioscience) was added. The
assay was developed using the substrate 3-amino-9-ethylcarbazole. The
number of spots per 1 ⫻ 106 CD4 T cells was calculated using the frequency of CD4⫹ cells determined by FACS. The plates were analyzed
using an immunospot analyzer (Cellular Technology) according to the
manufacturer’s instructions.
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FIGURE 2. IFN-␥R1 is not required for the generation of Th1 Ag-specific CD4 T cells after infection. Wt B6 and IFN-␥R1⫺/⫺ mice were infected with LM. A and B, ICS for IFN-␥ was performed on splenocytes
harvested from infected wt (A) and IFN-␥R1⫺/⫺ mice (B) on day 7 p.i. after
incubation with LLO190 –201 (top panels) or no peptide (bottom panels).
The FACS plots presented were first gated on CD4⫹ cells and are representative of three mice per group. Numbers indicate the frequency of
Thy1.2⫹/IFN-␥⫹ cells within the CD4⫹ population. C, Total number of
Th1 Ag-specific CD4 T cells per spleen. Statistical analysis was performed
using Student’s t test. ⴱ, p ⬍ 0.05.

(wt B6, 1.45 ⫻ 108⫾ 2.85 ⫻ 107; IFN-␥R1⫺/⫺ mice, 1.40 ⫻ 108⫾
2.56 ⫻ 107; p ⫽ 0.72). These data indicate that in the absence of
IFN-␥R1⫺/⫺, and therefore colocalization of this cytokine receptor
component with the TCR during T cell activation, Ag-specific
CD4 T cells capable of producing IFN-␥ (probably Th1 cells) are
generated after infection with LM.
IFN-␥R2 has a very short extracellular domain and does not
bind IFN-␥ directly. It is not normally preassociated with IFN␥R1, but instead complexes with IFN-␥R1 upon ligand binding
and is required for subsequent signaling (24, 25). IFN-␥R2 was
also shown to colocalize with the TCR during naive CD4 T cell
activation (9). To directly test a role for IFN-␥R2 in the generation
of Th1 Ag-specific CD4 T cells in vivo, we infected wt 129SVE
and IFN-␥R2⫺/⫺ mice (129SVE background) (13) with LM and
measured the LLO190 –201-specific CD4 T cell response on day
7 p.i. by ICS for IFN-␥. IFN-␥R2⫺/⫺ and wt 129 SVE mice
cleared the actA⫺ LM infection by day 5 p.i. (data not shown). The
ICS data indicate that IFN-␥-producing (Th1) LLO190 –201-specific

FIGURE 3. IFN-␥R2 is not required for the generation of Th1 Ag-specific CD4 T cells after infection. Wt 129SVE and IFN-␥R2⫺/⫺ mice were
infected with LM. A and B, ICS for IFN-␥ was performed on splenocytes
harvested from infected wt (A) and IFN-␥R2⫺/⫺ (B) mice on day 7 p.i. after
incubation with LLO190 –201 (top panels) or no peptide (bottom panels).
FACS plots presented were all first gated on CD4⫹ cells and are representative of at least three mice per group. Numbers indicate the frequency
of Thy1.2⫹/IFN-␥⫹ cells within the CD4⫹ population. C, Total number of
Th1 Ag-specific CD4 T cells per spleen. Statistical analysis was performed
using Student’s t test. ⴱ, p ⬍ 0.05.
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CD4 T cells were generated with similar frequencies in wt and
IFN-␥R2⫺/⫺ mice (Fig. 3, A and B). When total numbers of
LLO190 –201-specific CD4 T cells per spleen were calculated, the
data showed that IFN-␥R2⫺/⫺ mice had approximately twice as
many Th1 Ag-specific CD4 T cells on day 7 p.i. compared with wt
129 mice. The total numbers of splenocytes were not different
between the two groups of mice (wt 129 mice, 1.15 ⫻ 108⫾
1.84 ⫻ 107; IFN-␥R2⫺/⫺ mice, 1.30 ⫻ 108⫾ 2.66 ⫻ 107; p ⫽
0.17). In combination, the data presented above indicate that neither IFN-␥R1 nor IFN-␥R2 is required for generation of Ag-specific CD4 T cells capable of making IFN-␥, and, therefore, probably Th1 cells, after infection with LM.
To ensure that these results were not peculiar to LM infection or
the LLO190 –201 epitope, we infected wt B6, IFN-␥R1⫺/⫺, and
IFN-␥R2⫺/⫺ mice with the arenavirus LCMV Armstrong strain
and measured IFN-␥-producing Th1 CD4 T cells specific for
gp61– 80 and NP309 –328 on day 8 p.i. (Fig. 4A). IFN-␥-producing
CD4 T cells specific for each Ag were generated with similar frequencies (Fig. 4A) and total numbers (Fig. 4, B and C) in the
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Discussion

FIGURE 4. Th1 Ag-specific CD4 T cells are generated in the absence of
IFN-␥R1 or IFN-␥R2 after viral infection. Wt B6, IFN-␥R1⫺/⫺, and IFN␥R2⫺/⫺ mice were infected with LCMV. A, ICS for IFN-␥ was performed
on splenocytes harvested on day 8 p.i. after incubation with gp61– 80 (top
panels), NP309 –328 (middle panels), or no peptide (bottom panels). The
FACS plots presented were first gated on CD4⫹ cells and are representative
of at least three mice per group. Numbers indicate frequencies of Thy1.2⫹/
IFN-␥⫹ within the CD4⫹ population. B, Total number of Th1 gp61– 80specific CD4 T cells per spleen. C, Total number of Th1 NP309 –328-specific
CD4 T cells per spleen. Statistical analysis was performed using Student’s
t test. ⴱ, p ⬍ 0.05.

different groups of mice. It has been previously reported that wt
129 mice clear LCMV Armstrong infection on approximately day
8 p.i. In contrast, there was prolonged infection in IFN-␥R2⫺/⫺
mice, with clearance reported to be between days 10 and 15 p.i.,
which resulted in increased total numbers of CD8 T cells at these
time points (29). Consistent with these results and as was observed
after LM infection, IFN-␥R2⫺/⫺ mice consistently exhibited
higher numbers of Th1 Ag-specific CD4 T cells compared with wt
129 mice (Figs. 3, B and C, and 4). We also infected IFN-␥⫺/⫺
mice with LCMV and used ICS for TNF to detect gp61– 80- and
NP309 –328-specific CD4 T cells. We were able to detect CD4 T

Using two different infectious model systems, we have shown that
the development of Th1 Ag-specific CD4 T cells does not require
either of the IFN-␥R chains. It is a strong likelihood that during the
process of Th1-Th2 lineage commitment, when multiple signals
are being received by naive CD4 T cells in a short period of time,
ligation of one receptor may influence how signals received
through other receptors are translated into cellular responses.
These interactions may be amplified under in vitro stimulation
conditions, when the full spectrum of inflammatory signals may
not be present.
There are statistical differences in the magnitudes of the Th1
Ag-specific CD4 T cell responses on day 7 (LM) and day 8
(LCMV) p.i. between wt and the various knockout mice. However,
without thorough kinetic experiments and determination of the
peak of the CD4 T cell response in IFN-␥ and receptor-deficient
mice, statistical differences in the numbers of cells at this one time
point may be misleading. We sought to determine whether Th1
Ag-specific CD4 T cells could be primed in the absence of IFN-␥
or its receptor. Our results clearly show this to be true, although the
number of IFN-␥-producing CD4 T cells was not always equivalent. As we have previously documented, CD8 T cell responses in
the absence of IFN-␥ exhibit different kinetics than those in wt
mice (18). We have generated preliminary data to suggest that
Ag-specific CD4 T cell response kinetics are also aberrant in IFN␥-deficient mice. Studies are currently underway to carefully explore interesting differences in the magnitude and kinetics of Agspecific CD4 T cell responses in the absence of IFN-␥ or its
receptor.
It remains a possibility that the IFN-␥R participates together
with TCR signaling in Th1 lineage commitment of CD4 T cells
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cells specific for each of these epitopes on day 8 p.i. (data not
shown), indicating that IFN-␥ is also not required for the generation of Ag-specific CD4 T cells after infection with LCMV.
Although the ability to produce IFN-␥ is a hallmark characteristic of Th1 CD4 T cells, it remained possible that Ag-specific CD4
T cells generated after LM or LCMV infection in the absence of
the IFN-␥R were uncommitted to either a Th1 or Th2 lineage. To
formally show that these cells were Th1 Ag-specific CD4 T cells
after infection and did not also possess characteristics of Th2 cells,
we stimulated splenocytes from IFN-␥R2⫺/⫺ and wt 129SVE mice
on day 7 p.i. with LLO190 –201 and costained for IFN-␥ and either
IL-4 or IL-5. As shown in Fig. 5, A and B, we were unable to detect
any IFN-␥-producing LLO190 –201-specific CD4 T cells that also
produced IL-4 or IL-5 in either wt 129SVE or IFN-␥R2⫺/⫺ mice.
In addition, using a more sensitive ELISPOT assay, we determined
that the number of IL-4-secreting LLO190 –201-specific CD4 T cells
was not statistically different between wt 129SVE mice and IFN␥R2⫺/⫺ mice (Fig. 5C). In summary, we did not detect uncommitted Ag-specific CD4 T cells in IFN-␥R2⫺/⫺ mice, nor did we
document any increase in the number of Ag-specific Th2 CD4 T
cells.
To further investigate Th1 and Th2 characteristics of CD4 T
cells after LM infection, we purified CD4 T cells from wt 129SVE
and IFN-␥R2⫺/⫺ mice on day 7 p.i. and performed RT-PCR for
the transcription factors T-bet and GATA-3 (Fig. 5, D and E).
Compared with CD4 T cells isolated from wt mice, IFN-␥R2⫺/⫺
CD4 T cells did not express statistically less T-bet or more
GATA-3, indicating that they were not more Th2-like than wt CD4
T cells. Taken together, these data strongly support the conclusion
that Th1-committed Ag-specific CD4 T cells are generated in the
absence of the IFN-␥R.
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under some conditions. Perhaps during infections where IL-4 is
produced in much higher quantities than after LM or LCMV infections, the inhibition of IFN-␥R colocalization with the TCR
may negatively influence Th1 polarization of CD4 T cells, resulting in the development of Th2 Ag-specific CD4 T cells as is seen
in L. major infection of BALB/c mice (30, 31). However, our
experiments clearly demonstrate that after infection with LM or
LCMV, signaling through the IFN-␥R is not a requirement for the
development of Th1 CD4 T cells in vivo.
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an IL-4 ELISPOT assay reported as the number of IL-4-producing spots per 1 ⫻ 106 CD4 cells. Cells were either stimulated for 41 h with LLO190 –201 or
left unstimulated. The number of spots detected in the unstimulated wells was subtracted from the number detected in the peptide-stimulated wells. Data
are the mean ⫾ SD of three mice per group. Statistical analysis was performed using Student’s t test. D and E, Total CD4 T cells were purified from the
indicated mice on day 7 p.i. RT-PCR was performed for T-bet (D) and GATA-3 (E). Data are reported as a ratio of T-bet or GATA-3 expression to GAPDH
expression. Each symbol represents one mouse. Lines indicate averages per group.

3122
21. Haring, J. S., G. A. Corbin, and J. T. Harty. 2005. Dynamic regulation of IFN-␥
signaling in antigen-specific CD8⫹ T cells responding to infection. J. Immunol.
174: 6791– 6802.
22. Lugo-Villarino, G., R. Maldonado-Lopez, R. Possemato, C. Penaranda, and
L. H. Glimcher. 2003. T-bet is required for optimal production of IFN-␥ and
antigen-specific T cell activation by dendritic cells. Proc. Natl. Acad. Sci. USA
100: 7749 –7754.
23. Murphy, K. M., and S. L. Reiner. 2002. The lineage decisions of helper T cells.
Nat. Rev. Immunol. 2: 933–944.
24. Boehm, U., T. Klamp, M. Groot, and J. C. Howard. 1997. Cellular responses to
interferon-␥. Annu. Rev. Immunol. 15: 749 –795.
25. Bach, E. A., M. Aguet, and R. D. Schreiber. 1997. The IFN␥ receptor: a paradigm
for cytokine receptor signaling. Annu. Rev. Immunol. 15: 563–591.
26. Pernis, A., S. Gupta, K. J. Gollob, E. Garfein, R. L. Coffman, C. Schindler, and
P. Rothman. 1995. Lack of interferon ␥ receptor ␤ chain and the prevention of
interferon ␥ signaling in TH1 cells. Science 269: 245–247.

IFN-␥R IS NOT REQUIRED TO GENERATE Th1 CD4 T CELLS
27. Farrar, M. A., and R. D. Schreiber. 1993. The molecular cell biology of interferon-␥ and its receptor. Annu. Rev. Immunol. 11: 571– 611.
28. Skrenta, H., Y. Yang, S. Pestka, and C. G. Fathman. 2000. Ligand-independent
down-regulation of IFN-␥ receptor 1 following TCR engagement. J. Immunol.
164: 3506 –3511.
29. Lohman, B. L., and R. M. Welsh. 1998. Apoptotic regulation of T cells and
absence of immune deficiency in virus-infected ␥ interferon receptor knockout
mice. J. Virol. 72: 7815–7821.
30. Stetson, D. B., M. Mohrs, V. Mallet-Designe, L. Teyton, and R. M. Locksley.
2002. Rapid expansion and IL-4 expression by Leishmania-specific naive helper
T cells in vivo. Immunity 17: 191–200.
31. Launois, P., I. Maillard, S. Pingel, K. G. Swihart, I. Xenarios, H. Acha-Orbea,
H. Diggelmann, R. M. Locksley, H. R. MacDonald, and J. A. Louis. 1997.
IL-4 rapidly produced by Vb4/Va8 CD4⫹ T cells instructs Th2 development
and susceptibility to Leishmania major in BALB/c mice. Immunity 6:
541–549.

Downloaded from http://www.jimmunol.org/ by guest on September 18, 2021

