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Abstract
The differentiation of naïve CD4 T cells into specific effector subsets is controlled in large part by
the milieu of cytokines present during their initial encounter with antigen. Cytokines that drive
differentiation of the newly described Th17 lineage have been characterized in vitro, but the cytokines
that prime commitment to this lineage in response to infection in vivo are less clear. Listeria
monocytogenes (Lm) induces a strong Th1 response in wildtype mice. By contrast we demonstrate
that in the absence of IL-12p40 (or IFN-γ) and type I IFN receptor signaling, the Th1 antigen-specific
CD4 T cell response is virtually abolished and replaced by a relatively low magnitude Th17-
dominated response. This Th17 response was dependent on Tgf-β and IL-6. Despite this change in
CD4 T cell response, neither the kinetics of the CD4 and CD8 T cell responses, the quality of the
CD8 T cell response, nor the ability of CD8 T cells to mediate protection were affected. Thus
generation of protective CD8 T cell immunity was resilient to perturbations that replace a strong
Th1-dominated to a reduced magnitude Th17-dominated antigen-specific CD4 T cell response.
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INTRODUCTION
Naïve CD4 T cells have the ability to differentiate into distinct effector lineages each
characterized by the production of a unique profile of effector cytokines. Until recently, these
CD4 T cell effector lineages have included Th1 cells that produce IFN-γ important for
immunity to intracellular pathogens, and Th2 cells that produce IL-4, IL-5 and IL-13 important
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for immunity to parasitic infections. The newly elucidated Th17 lineage produces IL-17A/F,
IL-21, IL-22, and GMCSF (1,2) and fulfills a niche that provides immunity against extracellular
bacterial or fungal pathogens, like Citrobacter, Klebsiella, or Candida (3-6). However,
uncontrolled activation of antigen-specific Th17 cells has been implicated in the pathogenesis
of autoimmune diseases, including multiple sclerosis and rheumatoid arthritis in humans and
EAE and adjuvant arthritis in mice (1,7). Determining the biological parameters that govern
the differentiation program of CD4 T cells into each specific effector lineage is critical for the
design of vaccines and other immune-modulatory strategies to ensure that only the desired
lineage of effector CD4 T cell is generated, while simultaneously avoiding potentially
detrimental immune responses.

At least three inter-related signals are required for the activation and differentiation of naïve
CD4 into specific effector cell lineages. The first (TCR binding to a specific peptide-MHC
complex) and second (physical interaction between co-stimulatory receptors on the T cell and
antigen presenting cell) signals lead to T cell activation; whereas, the third signal (the presence
or absence of specific inflammatory cytokines) plays a more critical role in the differentiation
of activated T cells into specific effector cell lineages (8). Moreover, the effector cytokines
produced by each specific lineage of effector CD4 T cells further reinforces the differentiation
of other naïve T cells into that lineage, while simultaneously inhibiting differentiation into
other cell lineages. For example, IFN-γ produced by Th1 cells promotes T cell differentiation
to Th1 lineage by inducing IL-12 receptor-β2 and T-bet expression and inhibits Th2
differentiation by repressing GATA-3 and IL-4 (9). Conversely, IL-4 produced by Th2 cells
induces GATA-3 expression, thereby inducing IL-4 production by other T cells and inhibiting
IL-12 receptor expression (10). Characterized primarily in vitro with T cells activated in a non-
antigen specific manner, Th17 differentiation requires the presence of Tgf-β and IL-6, and the
absence of IFN-γ (3,11,12). However, the general applicability of these results to the actual
signals that are produced and are important for differentiation of antigen-specific Th17 CD4
T cells during infection in vivo is unclear.

Experimental Listeria monocytogenes (Lm) infection is a well-characterized model by which
to examine priming of antigen-specific T cells in vivo (13). Following infection with either
wildtype (WT) or live attenuated Lm strains that retain the ability to gain access to the cell
cytoplasm, a protective T cell response is readily detected and characterized by the expansion
of antigen-specific, IFN-γ-producing Th1 CD4 and CD8 effector T cells. For Lm infection,
antigen-specific CD8 T cells confer the majority of the protective effects, whereas CD4 T cells
have an important role in the generation of long-lived memory CD8 T cells (14-16). Using this
infection model, we have recently demonstrated that priming antigen-specific CD4 T cells for
IFN-γ production requires either IL-12 or type I IFNs, while priming antigen-specific CD8 T
cells requires neither IL-12 nor type I IFNs (17). Furthermore, for CD4 T cells activated in the
absence of IL-12 and type I IFNs, the lack of IFN-γ production is not associated with a
reciprocal production of Th2 cytokines such as IL-4 or IL-13 (17). Accordingly, in the present
study, we examined the possibility that Lm infection in the absence of both IL-12P40 and IFN-
IR signaling could prime a Th17-dominated response. After comparing the relative expression
of IFN-γ and IL-17 by antigen-specific CD4 T cells in wildtype, IL-12p40 deficient, IFN-IR-
deficient, and mice deficient in both IL-12p40 and IFN-IR, our studies indicate that the presence
of either IL-12p40 or IFN-I is required for Th1 differentiation of naïve CD4 T cells. In the
absence of both IL-12 and IFN-IR signaling, the normally robust antigen-specific Th1 CD4 T
cell response is replaced by a Th17-dominated response that is of significantly lower
magnitude. Using this model for priming of antigen-specific Th17 cells, we further
characterized the specific cytokine milieu required for in vivo Th17 CD4 T cell differentiation,
the dynamics of antigen-specific Th17 T cell expansion and contraction after infection, and
the impact a drastically skewed CD4 Th response plays on CD8 T cell immunity.
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MATERIALS AND METHODS
Mice

IL-12p40-deficient (P40-/-) mice obtained from The Jackson Laboratory had been backcrossed
11 times to B6 before use. Type I IFN receptor-deficient (IFN-IR-/-) mice backcrossed to B6
mice for 12 generations were obtained from Dr. Kaja Murali-Krishna (University of
Washington). Mice deficient in both IL-12p40 and IFN-IR (P40-/- IFN-IR-/- mice) were
generated by intercrossing P40-/- and IFN-IR-/- mice (17). Mice were housed in a specific
pathogen free facility at the University of Washington. All experiments were performed under
IACUC approved protocols.

Listeria monocytogenes
The recombinant Lm strain, Lm-OVA, and Lm-OVA ΔactA derived from this strain through
targeted deletion in the actA gene have been described (17,18). For infections, Lm were grown
to early log phase (OD600 0.1) in brain heart infusion media (Becton Dickinson Company) at
37°C, washed, and diluted with saline to 200 μl final volume and injected intravenously into
mice.

Reagents, in vitro cultures, and cell staining
For in vivo depletion, 1.0 mg of purified rat anti-mouse IFN-γ (XMG1.2), anti-mouse IL-6
receptor (15A7), anti-mouse Tgf-β (1D11.16.8), or 0.5 mg of purified rat anti-mouse CD4
(GK1.5), anti-mouse CD8 (2.43), or the corresponding rat IgG isotype control antibodies were
injected intraperitoneally one day prior to Lm infection. For in vitro culture, splenocytes were
plated into 96-well round bottom plates (5 × 106 cells/ml), and stimulated with the indicated
peptides (10-6 M) for 5 hours (intracellular cytokine staining) or 72 hours (culture supernatants)
as described (17). For intracellular cytokine staining, Brefeldin-A (BD GolgiPlug reagent) was
added to cell cultures prior to peptide stimulation. For some experiments, the CD8 T cell
response to OVA257-264 was examined with H-2Kb dimerX loaded with OVA257-264 peptide
according to the manufacturer's instructions (BD Bioscience). The concentration of IFN-γ and
IL-17 in splenocyte culture supernatants was quantified by ELISA using reagents from R&D
Systems.

Statistics
The differences in percentages and numbers of cytokine producing cells, cytokine
concentrations in culture supernatants, and geometric mean numbers of recoverable CFUs
between groups of mice were evaluated by using the Student's t test with P < 0.05 taken as
statistically significant (Graph Pad, Prism software).

RESULTS
Lm primes a low magnitude Th17-dominated response in the absence of both IL-12 and IFN-
IR

After primary Lm infection, IL-12p40 and type-I IFN signaling each play non-essential roles
in priming naive CD4 T cells for IFN-γ production. However, combined defects in both
IL-12p40 and type-I IFN signaling completely abrogate IFN-γ production and Th1
differentiation by antigen-specific CD4 T cells (17). For the optimal study of the adaptive T
cell response using mice with targeted defects in immune response pathways known to play
either protective or detrimental roles in innate susceptibility to WT Lm infection, we used
infection with attenuated Lm strains with targeted deficiency in actA to prime adaptive T cell
immunity and normalize antigen load after infection. This defect eliminates the actin-
recruitment protein in Lm thereby preventing the bacterium from establishing a productive
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infection by preventing spread from an infected cell into neighboring cells. We previously
demonstrated that infection of control mice or mice with targeted defects in IL-12, IFN-IR, or
both IL-12 and IFN-IR with the same inoculum of Lm ΔactA results in comparable numbers
of recoverable bacteria (representative of antigen load) in the first 24 hours after infection with
similar kinetics of bacterial clearance within the first week after infection, whereas this is not
the case with WT Lm (17,19-23). Accordingly, Lm ΔactA was used to further investigate the
individual and combined roles of IL-12P40 and IFN-IR in T cell differentiation after in vivo
infection.

Splenocytes from B6, IFN-IR-/-, P40-/-, and P40-/-IFN-IR-/- mice were harvested and
stimulated with the Lm-specific MHC class II-restricted peptide, LLO189-201, and the antigen-
specific response was quantified beginning 8 days after infection (17). At this time point after
infection with Lm ΔactA, no recoverable Lm CFUs could be detected in the organs of any
mice. While only background levels of IL-17 producing cells were detected in B6, P40-/-, and
IFN-IR-/- mice, Lm-specific IL-17-producing CD4 T cells were readily detectable in P40-/-
IFN-I R-/- mice (Fig. 1A, B). Consistent with our previous studies, there was a drastic reduction
in numbers of IFN-γ-producing CD4 T cells in P40-/-IFN-IR-/- mice compared with B6, P40-/-,
or IFN-IR-/- mice (17). Despite the relatively low frequency and numbers of IL-17 producing
CD4 cells observed in response to LLO189-201 peptide stimulation in splenocytes from P40-/-
IFN-I R-/- mice compared with the frequency of IFN-γ producing cells from control mice,
there was a highly significant increased frequency of IL-17 producing CD4 T cells in P40-/-
IFN-IR-/- compared with B6 (10-fold increase, P < 0.001), P40-/- or IFN-IR-/- mice (4-fold
increases, P < 0.005). The concentrations of IL-17 and IFN-γ in splenocyte culture supernatants
after in vitro peptide stimulation corroborated this apparent shift from a Th1-dominated CD4
T cell response in B6 mice to a Th17-dominated CD4 T cell response in P40-/- IFN-IR-/- mice
(Fig. 1C). Taken together, these data indicate that in the absence of both IL-12P40 and IFN-
IR, the normally robust Th1 antigen-specific CD4 T cell response is virtually abolished and
replaced by a Th17-dominated response of relatively low magnitude.

IFN-γ and IFN-I inhibit Th17 differentiation in response to infection in vivo
IFN-γ strongly inhibits Th17 differentiation in vitro (24,25). Since infection with either Lm or
Lm ΔactA triggers the production of IFN-γ by NK1.1+ cells in the first 24 hours after infection,
the IFN-γ these cells produce might be a key factor that inhibits CD4 Th17 differentiation while
facilitating Th1 differentiation in wildtype mice (26,27). Moreover, since both IL-12 and IFN-
I can induce IFN-γ production by NK cells (28,29), we reasoned that a loss of early IFN-γ
production might contribute to the observed deviation from a Th1 to a Th17 response in mice
with defects in these cytokine pathways. To address this question, we first assessed production
of IFN-γ by NK1.1+ cells 24 hours after infection with Lm. Similar to control B6 mice, NK1.1
+ cells were the predominant cell type that produced IFN-γ after Lm infection in P40-/- or IFN-
IR-/- mice (data not shown). Compared to B6 controls, P40-/- mice had a drastic reduction in
the percentage of NK1.1+ cells that produced IFN-γ (Fig. 2A). Whereas no defect was apparent
in IFN-IR-/- mice, IFN-γ-producing NK1.1+ cells were essentially absent in P40-/- IFN-IR-/-
mice. These findings demonstrate a previously uncharacterized synergistic role for IFN-I and
IL-12P40 in priming NK1.1+ cells for IFN-γ production, which in turn suppresses the
development of IL-17 producing cells and enhances the generation of IFN-γ producing Th1
cells.

Since CD4 T cells from IFN-γ receptor-deficient mice have no obvious defects in antigen-
specific IFN-γ-production and Th1-differentiation (30), the absence of IFN-γ alone is not likely
to account for the shift from a Th1 to a Th17 response in P40-/-IFN-IR-/- mice. To test the
possibility that a combined deficiency in both IFN-γ and IFN-IR accounts for this shift, we
examined CD4 T cell differentiation in IFN-IR-/- and control B6 mice treated with anti-IFN-
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γ or isotype control antibody one day prior to infection with Lm-OVA ΔactA. Treatment of
IFN-IR-/- mice but not B6 mice with anti-IFN-γ led to the generation of IL-17-producing cells,
whereas few to no such cells were detected in IFN-IR-/- treated with the isotype control
antibody (Fig. 2B). Taken together, these results demonstrate that Th17 CD4 T cell
differentiation during Lm infection requires the abrogation of both IFN-γ and IFN-IR.

Tgf-β and IL-6 are required for Th17 differentiation in P40-/-IFN-IR-/- mice
Whereas IFN-γ inhibits Th17 differentiation, both Tgf-β and IL-6 are required for Th17
differentiation in vitro (3,31). To determine if these two cytokines are also required for Th17
differentiation in response to infection in vivo, we treated P40-/-IFN-IR-/- and control B6 mice
with antibodies to Tgf-β, the IL-6 receptor, or both or with isotype control antibodies prior to
infection with Lm-OVA ΔactA. In P40-/-IFN-IR-/- mice, IL-6 receptor blocking antibody
alone diminished the IL-17 response by ~50% (P < 0.05 compared with isotype control), and
depletion of Tgf-β led to an even more dramatic reduction (~70%, P < 0.05 compared with
isotype control) while depletion of both abolished this response (Fig. 2C). These results indicate
that during Lm infection Tgf-β and IL-6 synergize for optimal Th17 CD4 T cell differentiation
when inhibitory signals from IL-12P40 and IFN-IR are eliminated.

Dynamics of antigen-specific Th17 compared with Th1 CD4 T cells
To determine how the shift from a relatively high magnitude Th1 response to a relatively low
magnitude Th17 response alters the dynamics of antigen-specific CD4 T cells, we compared
the percentage and numbers of CD4 T cells that produce either IL-17 or IFN-λ in response to
in vitro peptide restimulation 8, 14, and 32 days after primary infection with Lm-OVA ΔactA
and 3 days after secondary infection with Lm-OVA (Fig. 3). Remarkably, despite an apparent
~ 90% reduction in the overall magnitude of the total CD4 T cell response, the kinetics of
expansion, contraction and re-expansion after secondary infection by IL-17-producing CD4 T
cells in P40-/-IFN-IR-/- mice was virtually identical to that observed for IFN-λ-producing CD4
T cells in B6 mice. Moreover, the shift from a Th1-dominated response in B6 mice to a Th17-
dominated response in P40-/-IFN-IR-/- mice observed at day 8 was maintained at all time points
examined after primary infection and after secondary antigen challenge.

Antigen-specific CD8 T cells primed in the absence of IL-12p40 and IFN-IR
Our previous studies indicate that IL-12P40 and IFN-IR together are not required for priming
antigen-specific CD8 T cells since mice with combined defects in both IL-12P40 and IFN-IR
compared with control mice have similar numbers of antigen-specific CD8 T cells at the peak
of the immune response after primary Lm infection (17). However since CD4 T cells are
required to sustain CD8 T cells into the memory phenotype, we sought to examine how
replacing a normally robust antigen-specific Th1 CD4 response with a relatively low magnitude
Th17 response in P40-/-IFN-IR-/- mice would influence the dynamics of antigen-specific CD8
T cells. Measuring IFN-λ production after in vitro restimulation with the MHC class I
OVA257-264 peptide by CD8 T cells from both P40-/-IFN-IR-/- and B6 control mice revealed
that both the total number and percentage of antigen-specific CD8 T cells decreased from peak
levels by day 14, and were maintained to day 32 after primary infection with Lm-OVA ΔactA
(Fig. 4A,B). In response to rechallenge with Lm-OVA day 32 after primary infection, the
numbers and percentage of IFN-g producing CD8 T cells readily re-expanded to the same
degree in both P40-/-IFN-IR-/- and B6 mice (Fig. 4A,B). Importantly although IFN-g was
readily produced by CD8 T cells from P40-/-IFN-IR-/- and control mice, these cells in response
to antigen restimulation did not produce levels of IL-17 above background during any of these
time points (Fig. 4C and data not shown). Therefore, the number and percentage of antigen-
specific CD8 T cells in P40-/-IFN-IR-/- and B6 mice was similar, but in contrast to the CD4
T cells, CD8 T cells from P40-/-IFN-IR-/- mice produced IFN-λ but not IL-17.
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Of note, the rate of contraction after day 8 by IFN-g producing CD8 T cells was dampened in
P40-/-IFN-IR-/- compared with B6 mice resulting in a modest (~50%) increase in both the
numbers and percentage of antigen-specific CD8 T cells on days 14 and 32 despite an ~25%
reduction in numbers and percentage on day 8. Accordingly, in additional experiments, we
sought to further characterize the phenotype and activation status of the antigen-specific CD8
T cells in P40-/-IFN-IR-/- compared with control mice. For these experiments, antigen-specific
CD8 T cells were identified among total splenocytes by staining with H-2Kb dimer loaded with
OVA257-264 peptide. Consistent with results obtained by quantifying the CD8 T cell response
after in vitro peptide restimulation, the antigen-specific CD8 T cell response quantified by
OVA257-264 dimer staining was similar in P40-/-IFN-IR-/- mice compared with P40-/-, IFN-
IR-/-, or B6 control mice; and was found to peak on day 8, contract by day 14 after primary
infection, and readily re-expand following antigen re-challenge (Fig. 5A). Phenotypic
characterization using the surface markers CD44 and L-selectin (CD62L) revealed no
significant difference among antigen-specific CD8 T cells primed in P40-/-IFN-IR-/- mice
compared with control mice (Fig. 5B, C). By day 8 and extending through day 32 after primary
infection, and day 3 after rechallenge, the majority of antigen-specific CD8 T cells in B6, IFN-
IR-/-, P40-/-, or P40-/-IFNIR-/- mice are effectors (CD44high CD62Llow) (32). Interestingly,
beginning day 14 and through day 32 after primary infection, antigen-specific T cells in all
groups of mice upregulated CD127 (IL-7 receptor α-chain) expression (Fig. 5D). However at
each time point, the level of CD127 expression was modestly, but consistently higher for
antigen-specific T cells in P40-/-IFN-IR-/- mice compared with each control group further
indicating differentiation into functional long-lived memory cells (33).

Protective immunity to Lm challenge during a Th17-dominated CD4 T cell response
To determine if replacement of a robust Th1-dominated to a relatively low magnitude Th17-
dominated CD4 T cell response compromised protective immunity to Lm infection, B6, P40-/-,
IFN-IR-/-, and P40-/-IFN-IR-/- mice were primed with Lm-OVA ΔactA, challenged on day
32 with 105 CFUs (one LD50) of Lm-OVA, and CFU were enumerated 3 days later (Fig. 6A).
Compared with naïve B6 mice, all groups of mice that had been primed with Lm-OVA ΔactA
were highly protected and for the majority of mice in each group, CFUs were below the limits
of detection in both the liver and spleen. Because CD8 T cells provide the predominant source
of protective adaptive immunity to Lm infection in wildtype mice, we hypothesized that the
relatively normal CD8 T cell response present in P40-/-IFN-IR-/- mice may also mediate
protection. Alternatively, the CD8 T cells generated in such an environment might be less “fit”
and perhaps under these circumstances Th17 CD4 T cells could play a larger role in protective
immunity. To examine these possibilities, P40-/-IFN-IR-/- and B6 mice that had been
previously primed with Lm-OVA ΔActA were depleted of CD4 or CD8 T cells or treated with
an isotype control antibody prior to challenge with Lm-OVA. In both P40-/-IFN-IR-/- and B6
mice, depletion of CD8 T cells significantly reduced protective immunity, whereas depletion
of CD4 T cells did not (Fig. 6B). These results indicate that CD8 T cells play an important role
in protective adaptive immunity in P40-/-IFN-IR-/- mice, and that replacement of a Th1-
dominated response present in normal mice to Th17-dominated response of relatively low
magnitude does not impair the ability of CD8 T cells to confer protection to Lm infection.

DISCUSSION
Since the conditions that promote Th1 differentiation of CD4 T cells (IL-12 and type I IFNs)
also prime CD8 T cells to differentiate into antigen-specific effectors, immunity to many
intracellular pathogens that prime a Th1-dominated CD4 T cell response can be mediated by
the concerted actions of these two effector cell types or be dominated by one or the other
(17,34,35). In Lm infection, effector CD8 T cells play the dominant role in protection (13),
and here we used Lm infection to examine the requirement for a Th1-dominated CD4 T cell
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response to generate protective antigen-specific CD8 T cells. Our results demonstrate although
the antigen-specific Th1 response in P40-/-IFN-IR-/- mice following Lm infection is virtually
abolished, the protective capacity of antigen-specific CD8 T cell response remains intact. Thus,
activation of CD8 T cells capable of conferring protective immunity to an intracellular
pathogen requires neither IL-12, type I IFN signaling, nor help from a Th1-dominated CD4 T
cell response.

The newly described Th17 lineage of CD4 T cells is believed to fill a void in the functional
repertoire of adaptive T cells by providing immunity to extracellular bacterial and fungal
pathogens not covered by traditional Th1 or Th2 CD4 T cells. Although some important
parameters that drive Th17 differentiation of CD4 T cells after activation have been established
in vitro, little is known regarding the development of these cells in response to infection in
vivo. Our results demonstrate that in the absence of both IL-12p40 and IFN-IR signaling, the
Th1-dominated response normally primed by Lm infection is replaced with a Th17-dominated
response of lower magnitude. The generation and expansion of IL-17-producing, antigen-
specific CD4 T cells required both the absence of IFN-γ (achieved either using neutralizing
antibodies to IFN-γ or by the absence of IL-12p40) and IFN-IR signaling and the presence of
IL-6 and Tgf-β. Thus the generation of antigen-specific Th17 cells in response to infection in
vivo required the same cytokine milieu as others have described after T cell activation in vitro
(3,12,24,25). Our findings are also consistent with those demonstrating an in vivo role for Tgf-
β in the generation of Th17 cells in the gut and in experimental autoimmune encephalomyelitis
(36). We extend those findings by showing that both Tgf-β and IL-6 are required to generate
antigen-specific Th17 cells after in vivo Lm infection, and demonstrate that the kinetics with
which antigen-specific Th17 and Th1 CD4 T cells expand and contract after primary infection
and re-expand after secondary infection are similar. Lastly, our findings that antigen-specific
CD8 T cells are primed and expand after primary Lm infection, re-expand and confer protective
immunity to Lm rechallenge in the absence of both IL-12p40 and IFN-IR indicate that other
“signal 3” molecules for CD8 T cell are triggered during Lm infection. Of interest in this regard
is IL-21. A recent study has demonstrated that IL-21 provided with microsphere beads coated
with MHC + peptide (signal 1) and B7-1 for co-stimulation (signal 2) can along with IL-12
and type I-IFN provide the needed third for activation for activation of naive CD8 T cells
(37). Moreover for naive CD4 T cells, IL-21 can initiate alternative IL-6 and IL-23-
independent, ROR-gt-dependent pathways to induce Th17 CD4 T cell differentiation (31,38,
39). Determining whether IL-21 or an as yet undescribed cytokine(s) can support the
differentiation and maintenance of protective CD8 T cells in response to infection in vivo is
an important area for future investigation.
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Figure 1.
Th17 response in the absence of both IL-12 and IFN-IR. A. FACS plot indicating IL-17 and
IFN-γ production in a CD4+ cell gate among splenocytes from mice day 8 after infection with
106 Lm-OVA ΔactA and in vitro stimulation with the Lm-specific MHC class II peptide
LLO189-201 or no peptide control. B. Total numbers of IL-17- or IFN-γ-producing,
LLO189-201-specific CD4 T cells per mouse spleen as quantified by intracellular cytokine
staining. C. Concentration of IL-17 and IFN-γ in splenocyte culture supernatants 72 hours after
stimulation with the LLO189-201 peptide or no peptide. These data represent 6-10 mice for each
experimental group combined from three independent experiments. Bar, standard error. * P <
0.05.
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Figure 2.
IFN-γ or IFN-I inhibits Th17 differentiation. A. Histogram plot indicating the percentage of
NK1.1+ cells that produce IFN-γ 24 hours after infection with 106 Lm-OVA ΔactA (open
histograms) or in the absence of infection (shaded histograms) for the indicated groups of mice.
B. Total number of IL-17-producing CD4 T cells after stimulation with LLO189-201 peptide on
day 8 after infection with 106 Lm-OVA ΔactA in B6 or IFN-IR-/- mice pretreated with anti-
IFN-γ or isotype control antibody. C. Total numbers of IL-17-producing CD4 T cells after
stimulation with LLO189-201 peptide on day 8 after infection with 106 Lm-OVA ΔactA as
quantified by intracellular cytokine staining in P40-/-IFN-IR-/- (shaded bars) or B6 (open bars)
mice pretreated with either rat IgG control (isotype), anti-Tgf-β, anti-IL-6 receptor, or both
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anti-Tgf-β and anti-IL-6 receptor antibodies. These data represent 6-8 mice for each
experimental group combined from two independent experiments. Bar, standard error. * P <
0.05
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Figure 3.
Total number (A, B) and percentage (C, D) of IFN-γ- (B, D) producing CD4 T cells per spleen
after stimulation with the MHC class II peptide LLO189-201 on days 8, 14, or 32 after primary
infection with 106 Lm-OVA ΔactA (left sided panels), or on day 3 after challenge with 105

Lm-OVA in mice inoculated with Lm-OVA ΔactA 32 days prior to challenge (right sided
panels). These represent 8-12 mice per time point combined from three independent
experiments. Bar, standard error.
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Figure 4.
Total number (A) and percentage (B) of IFN-γ-producing CD8 T cells per spleen after
stimulation with the MHC class I peptide OVA257-264 on days 8, 14, or 32 after primary
infection with 106 Lm-OVA ΔactA (left sided panels), or on day 3 after challenge with 105

Lm-OVA in mice inoculated with Lm-OVA ΔactA 32 days prior to challenge (right sided
panels). C. FACS plot indicating IL-17 and IFN-γ production in a CD8+ cell gate among
splenocytes from mice day 8 after infection with 106 Lm-OVA ΔactA after in vitro stimulation
with the MHC class I peptide OVA257-264 or no peptide control. These data represent 9-12
mice per time point combined from three independent experiments. Bar, standard error.
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Figure 5.
A. Percentage of antigen-specific CD8 T cells among splenocytes after primary infection with
106 Lm-OVA ΔactA (left sided panel), or on day 3 after challenge with 105 Lm-OVA in mice
inoculated with Lm-OVA ΔactA 32 days prior to challenge (right sided panel) as determined
by staining with OVA257-264 dimer. Bar, standard error. These data are from 6 mice per time
point per group from two independent experiments. Expression of CD44 (B), CD62L (C), and
CD127 (D) among OVA257-264 dimer positive antigen-specific (open histograms) compared
with non-antigen specific (filled histograms) CD8 T cells at the indicated time points after
primary infection with 106 Lm-OVA ΔactA (day 8, 14, and 32), and secondary challenge with
105 Lm-OVA (day 3). The mean fluorescent intensity for CD127 expression among dimer
positive antigen-specific T cells is indicated.
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Figure 6.
Protective immunity in the absence of both IL-12 and IFN-I. A. Numbers of recoverable Lm
CFUs in the liver and spleen day 3 after challenge with 105 Lm-OVA in either naïve B6 mice
(black bar) or the indicated mice that had been primed with 106 Lm-OVA ΔactA 32 days prior
to challenge. B. Numbers of recoverable Lm CFUs in the liver and spleen day 3 after challenge
with 105 Lm-OVA in either B6 (black bar) or P40-/-IFN-IR-/- (shaded bar) mice not previously
infected with Lm (naïve) or infected with 106 Lm-OVA ΔactA 32 days prior to challenge and
treated with anti-CD8, anti-CD4, or isotype control antibody one day prior to challenge. These
data represent 8-10 mice for each experimental group combined from two independent
experiments. Bar, standard error. * P < 0.05, n.s., not significant.
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