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Abstract

The ability of different CD4" T cell subsets to help a CD8* T cell response is not fully understood.
Here, we found that Th17 cells induced by IL-1pB, unlike Th1, were not effective helpers for
antiviral CD8 responses as measured by IFN+y-producing cells or protection against virus
infection. However, they skewed CD8 responses to a Tc17 phenotype. Thus, the apparent lack of
help was actually immune deviation. This skewing depended on both IL-21 and IL-23. To
overcome this effect, we inhibited Th17 induction by blocking TGF-B. Anti-TGF-B allowed the
IL-1pB adjuvant to enhance CD8" T cell responses without skewing the phenotype to Tc17, thereby
providing an approach to harness the benefit of common IL-1-inducing adjuvants like alum
without immune deviation.

Introduction

Studies of CD4* T cell help for CD8" T cell responses has mostly been conducted under
conditions in which the CD4* T cells are predominantly of the Th1 subset. However, little is
known about the ability of other T helper subsets to help a CD8* T cell response. As the
importance of other CD4* T cell subsets in disease is rapidly emerging, their role in helping
or perturbing CD8* T cell responses becomes critical to understand.

IL-1 orchestrates the differentiation and function of innate and adaptive immune systems.
Through the induction of adhesion molecules in endothelial cells and chemokines it
amplifies leukocyte recruitment to sites of infection and stimulates the effector function of
the recruited innate cells, resulting in enhanced immune response to infections. Together
with other cytokines from the activated innate cells, IL-1 promotes the antigen-capturing
cells such as macrophages and dendritic cells (DC) to become efficient antigen-presenting
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cells to adaptive lymphocytes (1). IL-1 strikingly enhances expansion of antigen-primed
CD8 and CD4 T cells in vivo (2-4). In addition, during immunization IL-1 increases the
frequency of IL-17- and IFN-y-producing cells among primed CD4 cells and the frequency
of granzyme B-expressing, IFN-y-producing and cytotoxic cells among primed CDS8 cells.
Thus, I1L-1B enhances antigen-primed CD4 and CD8 T-cell expansion, differentiation, and
migration to the periphery and memory, the specific functions required for generation of
effective protective immune responses (2-4).

In the course of studying IL-1B as an adjuvant, which has been shown to enhance CD4* T
cell responses but skew them toward Th17 phenotype (2), and more recently to enhance the
number and functional activity of CD8* T cells (3), we found a surprising paradox. I1L-1
promoted a T cell response and protection against a vaccinia virus infection (which is IFNy
dependent) when the vaccine was a minimal CD8* T cell epitope (P18-110, RGPGRAFVTI),
but surprisingly not when the vaccine was a fusion peptide of a helper epitope (PCLUS3)
and the P18-110 CD8 epitope, PCLUS3-P18-110). Indeed, IL-1 as an adjuvant actually
negated the improved response achieved with the helper epitope. Because it was known that
IL-1pB could skew the CD4* T cell response toward Th17 cells (2, 4-7), we asked whether
the loss of help for a CD8* T cell response was due to an inability of Th17 cells to provide
help for a CD8* T cell response. This possibility was unexpected because Th17 cells had
been shown to be good helpers for B cell responses (8). We investigated the mechanism of
this Th17-mediated help or lack of help in terms of the roles of dendritic cells and of the
cytokines that alter the CD8* T cell response. Our study identified an approach to block the
impaired anti-viral protection in the presence of Th17 cell help that may have clinical utility,
especially in view of the facts that the most commonly-used adjuvants such as alum can
induce IL-1 production through activation of the NALP3 inflammasome (9) and that in
chronic infections continuous IL-1 secretion may alter the desired protective immune
response.

Results

IL-1B as an adjuvant enhances CD8 T cell responses but diminishes CD4 help

IL-1p is well known for its inflammatory properties (reviewed in (10)). Here, we examined
the effect of IL-1 on the development of a CD8* T cell response in the presence or absence
of CD4" T cell help. In animals immunized with P18-110 peptide (dominant CD8 epitope)
mixed in DOTAP as an adjuvant, IL-1p treatment enhanced both the proportion of tetramer-
binding CD8" T cells and the antigen-specific IFN-y expression (Fig. 1A, B) Animals
immunized with PCLUS3-P18-110 peptide containing both CD8 and CD4 helper epitopes
displayed a greater CD8" T cell response as measured by tetramer binding and increased
expression of CXCR3 and IFN-y compared with animals immunized with the P18-110
peptide alone (Fig. 1A-D). We previously found that physical linkage of the helper and CTL
epitopes was critical to obtaining optimal CD4 help for a CD8 T cell response (11).
Surprisingly, treatment with IL-1p in the animals that were given the PCLUS3-P18-110
peptide actually reduced the frequency of IFN-y expressing CD8* T cells to levels found in
animals immunized with the minimal P18-110 peptide and IL-1, without CD4 help (Fig. 1B).
Note that there was a reduction both in the absolute number of tetramer-positive CD8* T

Eur J Immunol. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hogg et al.

Page 3

cells (about 2-fold) when IL-1p was administered with the CD4/CD8 epitope vaccine (Fig
1A)and also in the fraction of those remaining tetramer-positive T cells that expressed Thet
(Fig 1C). Thus it appears that the IL-1p is altering not only the magnitude of the T cell
response but also its phenotype. In corroboration, in animals immunized with P18-110
peptide, IL-1p enhanced protection against systemic challenge with vaccinia virus, whereas
in animals immunized with PCLUS3-P18-110 peptide, IL-1p treatment reduced the higher
level of protection against virus challenge afforded by immunization in the presence of CD4
help (Fig. 1E).

IL-1-induced skewing of CD4 T cells to Th17 causes immune deviation of CD8 T cells to

Tcl7

There are accumulating data demonstrating that IL-1p promotes development of Th17
responses in vivo (2,4-6) Therefore, we hypothesized that in the animals given IL-1f and the
peptide vaccine containing CD4 helper epitopes, the vaccine-induced CD4 response may be
of predominantly IL-17-secreting cells and that these Th17 cells may not be effective at
providing help for the development of an IFN-y-secreting CD8* T cell response. Consistent
with prior studies (2, 4-6), we found that IL-1f3 promotes the development of Th17 cells
(Fig. 2A). Interestingly we also observed an increase in the expression of IL-17A, RORyt
and CCRG6 by antigen specific CD8* T cells in both groups of immunized animals that
received IL-1 (Fig. 2B, C, D). Note that in these cases, IL-1p increases the CD8* T cell
response even without the presence of stimulated CD4* T cell help, as we have seen
previously (3), but it is the surprising role of CD4* T cell help in the presence of IL-1 that
we interpret as Th17 help in the CD8* T cell response that is the key unexpected observation
coming from (Fig. 1A-E).

To test whether the Th17 cells induced were simply poor helpers for a CD8* T cell response
or they selectively induced a different kind of CD8* T cell response instead of a Tc1 (IFNy-
producing) response, we asked whether Th17 cells provide help for the development of a
Tcl7 response. Purified CD8* T cells co-cultured with splenic DCs and in vitro derived Thl
cells (Supplemental Figure 2A) resulted in a high proportion of CD8* T cells expressing
IFN-v and T-bet (Fig 3A-C). In contrast, CD8* T cells co-cultured with in vitro-derived
Th17 CD4* T cells (Supplemental Figure 2A) differentiated into a population of CD8* T
cells that expressed 1L-17A and RORyt, indicative of Tc17 cells (Fig. 3A-C). From the line
graphs (panels B and D), the Th17 cells induced several-fold more 1L-17-producing and
RORvt expressing CD8* T cells than did the Th1 cells (p < 0.01) and several fold fewer
IFN-y-producing and Thet* cells than the Th1 cells induced (p < 0.01). IL-2 production by
CD8™ T cells cultured with Th1 or Th17 cells was not significantly different, although there
was a tendency to be higher with Thl stimulation (Supplemental Fig 2B). We tested this
finding with cells from both BALB/c and C57BL/6 mice (Fig. 3A) and cells from OT-I and
OT-II transgenic mice (data not shown) and we obtained similar results in all cases.
Surprisingly, we found that although only a minority (15%) of CD8" T cells stimulated by
Th17 cells expressed granzyme B, this percentage was higher than among CD8* T cells
helped by Th1 cells (Fig. 3E). It is possible that this subset is similar to the novel cytotoxic
Th17 cells described by Tajima et al (12) that express granzyme B dependent on IL-12.
Thus, overall, the data indicate that Th17 are poorer helpers for CD8* T cell responses than
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Th1 cells and what help they provide mainly induces immune deviation toward Tc17 CD8*
T cells, except for the induction of granzyme B, in which activity they are superior.

Mechanistic differences in Thl vs Th17 help for CD8 T cells

The mechanism by which Th1 cells provide help for Tcl cells has been well characterized
and involves DC activation or “licensing” through the CD40-CD40L and upregulation of
IL-12 production(13-17). However, the mechanism by which Th17 cells provide help for
Tc17 cells remains unknown. We first examined whether DC activated by either Th1 or
Th17 cells could promote either IFN-y or IL-17A secretion in CD8* T cells. The CD8* T
cells were OT-I TCR transgenic T cells specific for the SIINFEKL epitope of ovalbumin,
and the CD4" T cells used were OT-11 TCR transgenic T cells specific for another epitope of
ovalbumin, and the DCs were pulsed with ovalbumin or SIINFEKL peptide. As shown
previously by multiple groups (13-15, 18), DCs activated by Th1 cells were sufficient to
promote IFN-y expression by CD8" T cells (Fig. 4A). However, DCs activated by Th17
cells did not enhance I1L-17A expression by the CD8* T cells (Fig. 4A), suggesting that there
maybe different mechanisms by which different CD4 subsets provide help to CD8* T cells.
In other words, in contrast to the case of Thl help, the actual presence of Th17 cells was
necessary for the help (Fig 3A), and the DCs conditioned by Th17 cells were not sufficient
by themselves (Fig 4A, B). The mechanism of this difference is beyond the scope of this
study.

Role of cytokines in immune deviation of CD8 T cells

To address the mechanism of immune deviation, we examined the effect of exogenous Th17-
associated cytokines on induction of IL-17-expressing CD8*T cells by adding different
combinations of IL-17A, IL-17F, IL-21, and IL-23 to purified OT-1 cells co-cultured with
splenic DCs loaded with SIINFEKL peptide. The combination of IL-21 and IL-23 induced
the highest proportion of CD8" T cells expressing IL-17A (Fig. 5A). No significant
increases in IL-17A-expressing CD8* T cells were observed when we used IL-17A, IL-17F
in combination or singly (data not shown). In agreement with other work (19), we show that
IL-21 substantially inhibits IFN-y expression in the activated CD8" T cells (Fig. 5A),
indicating that IL-21 is sufficient to inhibit IFN-vy, although it may not be the only cytokine
to do so (see below).To determine the role of 1L-21 (probably produced by the Th17 cells as
reported (20))and IL-23 (likely produced by the DCs as it has been reported that DCs
stimulated by IL-1p make IL-23 (22)) in the Th17-mediated help for Tc17 induction, we co-
cultured purified CD8* T cells with DCs and either Th1 or Th17 cells in the presence of
blocking antibodies to IL-21 and IL-23. We found a similar reduction in the population of
CD8™ T cells expressing IL-17A in the cultures in which we blocked either 1L-21 or 1L-23,
and blocking both is no more effective than blocking either alone (Fig 5B), indicating that
both cytokines are necessary, and confirming that neither alone is sufficient for maximal
CD8* T cell IL-17 induction. In contrast, no effect of blocking either cytokine or both was
observed on the production of IFNy (Fig 5C), indicating that under these conditions, levels
of IL-21 may not be sufficient to suppress IFN-y production or other factors suppressing
IFN-y production (such as TGF-B) may also be present.
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Overcoming immune deviation by TGF-f blockade to allow help for protective CD8 T cells

In order to use IL-1p as an effective adjuvant, while maintaining induction of Tc1 CD8* T
cells, we asked how we could block the skewing toward Th17 helper cells. We did not want
to block downstream mediators like IL-21 because these are needed for other functions such
as T follicular cell help for B cells. From our in vitro data, we hypothesized that if we block
Th17 induction in the IL-1pB-treated animals that were also immunized with both CD4 helper
epitopes and the CD8 epitope, then we may restore the Thl and Tcl response. Since TGF-p
plays an important albeit controversial role for the induction of Th17 cells (7, 22) (reviewed
in (5)), to block Th17 induction we pretreated the animals with a monoclonal antibody
(1D11) that has been shown previously to specifically block active TGF- in vivo(23, 24),
one day prior to immunization and every other day for one week. In the animals that
received the blocking antibody, the induction of antigen-specific Th17 cells was abolished,
whereas the overall magnitude of the CD4* T cell response as measured by IL-2 secreting
CD4* T cells was not affected by the TGF-B blockade (Fig. 6 A) In addition, we also
observed a decrease in the proportion of antigen specific IL-17-expressing CD8* T cells and
a concomitant increase in IFN-y expressing CD8" T cells (Fig. 6 B). The number of
tetramer-positive CD8* cells was not affected by the 1D11 treatment in the absence of IL-1,
but when IL-1 was given, then the 1D11 antibody blockade of TGF-beta significantly
increased the number of tetramer-positive T cells in response to PCLUS6.1-18 peptide in the
spleen (Fig 6 C) and lymph node (Fig.6D). We have previously seen that this treatment does
not affect the number or function of Foxp3™ Treg cells. (25) Strikingly, when we challenged
the animals with vaccinia virus, the animals that received the TGF- blockade in addition to
IL-1pB had enhanced viral clearance, which coincides with an increase in IFN-y secreting T
cells and decreased IL-17A secreting T cells (Fig. 6 E). Thus, TGF-B blockade allows the
use of IL-1p as an adjuvant without skewing the helper response to Th17 or the CD8" T cell
response towards Tcl7.

Discussion

Here we have addressed the open question whether other helper T cell phenotypes besides
Thi, in particular Th17 cells, can provide help for a CD8* T cell response, and whether they
perturb the phenotype of that response. As emerging data consistently demonstrate the
importance of different CD4* T cell subsets in different disease settings, it becomes
increasingly important to understand their effect on CD8* T cells. Although it was known
that Th17 cells could help for B cell responses (8), this question for CD8* T cell responses
had never been examined. This question became important when we found that IL-1pB, which
skewed helper T cell responses toward Th17 phenotype, was not effective for inducing
helper-dependent CD8* responses. We had been measuring CD8* T cell responses as
commonly done by IFNy-producing CD8" T cells, as well as by protection against virus
infection. By these criteria, indeed, Th17 cells were not good helpers for a protective CD8*
T cell response. However, what appeared to be loss or inhibition of help for a CD8* T cell
response turned out to be actually largely immune deviation of the CD8 response to Tc17
cells producing I1L-17 but not IFNy, although there was also some diminution of help in
general by Th17 cells. Thus the readout was critical. This finding was surprising in view of
the ability of Th17 cells to help B cell responses (8). In a previous study, we found that
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IL-1B could improve a CD8" T cell response largely independent of CD4 help, but the role
of help was not studied (3). Likewise, the clinical impact in the impaired clearance of a viral
infection was also due to the same immune deviation, because clearance of vaccinia virus
(like many viruses) is dependent on IFNvy (26). However, the ability of Th17 to protect
depends on the disease studied, as Th17 were found to protect against melanoma tumors
(27) and against Trypanosoma cruzi parasitic infection (28), where 1L-17-producing T cells
are more critical. This finding has some analogy with much earlier findings that what had
appeared to be suppression of T-cell proliferative or delayed type hypersensitivity responses
was really immune deviation from Th1l to Th2 phenotype (29-31). Because IFNvy can be
made by both CD4* and CD8* T cells, immune deviation of both populations could play a
role in the diminished protection. However, it is clear that the CD8* T cells can provide
some protection alone when no CD4 epitope is included (Fig. 1 and (3)), and that the major
effect of IL-1 was to decrease the benefit of CD4 help on both CD8" T cell production of
IFN-y and on protection, which paralleled one another.

Because it is known that CD4"* T cell help for CD8* T cell responses is dependent largely on
activation or “licensing” of DCs (13-15, 18), we asked whether DCs also played a role in the
immune deviation of CD8* T cells mediated by Th17 cells. Unlike the induction of IFN+y-
producing Tcl CD8* T cells by Th1 cells, which can be mediated by DCs activated by Thi
cells (presumably involving IL-12, reviewed in (17)), pre-treatment of the DCs with Th17
cells and antigen was not sufficient to allow the DCs to skew the CD8*phenotype to Tc17
(partially explained by requirement for cytokines like 1L-21 made by the CD4* T cells as we
found subsequently). Although IL-17 itself did not seem to play a role, IL-21 made by the
CD4* T cells (20) and IL-23 made by the DCs (21) were both individually necessary.
Neither alone was sufficient. This finding for Tc17 parallels earlier evidence for IL-21
involvement in Th17 production (32) and Tc17 induction (33). We have seen that naive CD8
T cells express IL-21R because they respond to IL-21 (34), and although naive CD8 T cells
do not express IL-23R, they rapidly upregulate it on activation (35). The transcriptional
pathways by which 1L-21 and 1L-23 induce Th17 phenotype have been worked out and
involve STAT3 and RORYyt activation(20, 36).

Because commonly used adjuvants such as alum are known to induce IL-1p production
through activation of the NLRP3 inflammasome (9), this effect may have clinical importance
in vaccinology beyond the use of IL-1p itself as an adjuvant. Alum is not known to be the
most effective adjuvant for inducing CD8-mediated T cell immunity. To overcome this effect
and promote a Tc1 type CD8* response that may be clinically important in controlling virus
infections, we sought to find an approach that would not require blocking IL-21 production,
as this is a key cytokine produced by T follicular helper (Tfh) cells needed for B-cell help
(37). It has been shown that induction of Th17 cells is dependent on a combination of TGF-
B and inflammatory cytokines such as IL-1p or IL-6 (5, 22, 32, 38). Therefore, we tested the
effect of a TGF-B-neutralizing antibody, 1D11 (23, 24), on immune deviation of CD8* T
cells to Tc17 phenotype. Indeed, this antibody overcame the immune deviation and allowed
an IL-1-based adjuvant to improve not only the Tc1 response but also the protection against
a recombinant vaccinia virus infection. The even greater protection seen in Fig.6E with the
combination of IL-1p and anti-TGF-p than with anti-TGF-B alone may be the result of
greater granzyme B production with IL-18 (as seen in Fig.3E) in addition to the greater
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IFN-y production, as the latter also occurred with anti-TGF-p alone (Fig. 6B), and could
also be due to the suppression of the Tc17 response.

Anti-TGF-B can also affect Treg formation and/or function, and it has been reported that
CD4* T cell help through CD40L interaction with CD40 is less critical in the absence of
Treg cells (39). However, it is unlikely that the effect of anti-TGF-p is primarily through
inhibiting T reg, for several reasons. We immunized in the presence of IL-1, which
upregulates expression of CD40 on DCs (40) via TRAF6 signaling (41). TRAF®6 is a critical
factor for DC maturation and also induces expression of CD40L (CD154) on T cells (42).
Under these circumstances, T reg activity should be largely precluded. Consequently,
neutralization of TGF- should have either no effect via this mechanism or might have
increased the Th17 response by reducing any residual Treg function, but instead we
observed that Th17 responses were suppressed while the overall CD4 response measured by
IL-2 production was not diminished, and Th1 cells actually increased. Furthermore, in
another study of anti-TGF-p antibodies in cancer-bearing mice, we observed no effect on
Treg cell numbers or function (25). Thus, our results are most likely due to neutralization of
the known activity of TGF-p in induction or differentiation of Th17 cells through SOCS3
(43).

Thus, these findings about the effect of IL-1 on immune deviation not only of CD4* T cells
but also CD8* T cell responses may have important clinical utility in vaccine design, not
only for direct use of IL-1 but also for widely used adjuvants such as alum that induce 1L-1
production. Findings in this study may help explain why alum is not generally a good
adjuvant for inducing a CD8* T cell response. Overall, our understanding of the ability of
different CD4* T helper subsets to provide help for CD8" T cells and to otherwise alter their
response phenotype is critical for vaccine design as well as for understanding both immune
protection and immunopathology in many diseases that are now known to affect the balance
of CD4" T cell subsets.

Materials and Methods

Animals and immunizations

Mice were immunized subcutaneously (s.c.) with an immunodominant CTL epitope
presented by H-2DY in BALB/c mice, P18-110 (RGPGRAFVTI) from the V3 loop of the
I11B strain of HIV-1 or PCLUS3-P18-110 which contains both a CD4 helper epitope and
CTL epitope (11) complexed in DOTAP. IL-18 (2 pg) was injected s.c.daily for 4 days
where indicated(4). For the in vitro stimulation assays 6-12 week old C57BL/6 (Charles
River), OT-I (Taconic) and OT-11 (Taconic) mice were used.

Flow cytometry and Intracellular cytokine staining

Seven days post-vaccination animals were sacrificed and spleens and draining LNs removed
and processed as previously described (44). Cells were stimulated with P18-110 peptide or
PCLUS3-P18-110 peptide for 2 hrs at 37°C. Golgiplug was then added (0.25ul/well) for
12-16 hrs. The next morning, cells were labeled with antibodies to surface molecules CD3
(Pacific Blue), CD4 (PerCPCy5.5), CD8 (Alexa 700) and Yellow viability dye (Life
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technologies), before being fixed and permeabilized and labeled with antibodies to IFN-y
(FITC), IL-17A (PE) and IL-2 (PeCy7). For staining of cells with P18-10 loaded tetramer
(NIH tetramer facility), cells were labeled ex vivo with tetramer and with a viability dye and
antibodies against CD3 (Pacific Blue), CD8 (Alexa 700), CCR6, CXCR3 (PerCPCy5.5),
RORyt (PE) and t-Bet (PerCPCy5.5). Following culture of DCs with different populations
of CD4" T cells, DCs were labeled with viability dye and antibodies against CD11c, CD8O0,
CD86, CD40 and CD8a.. Representative gating strategies are shown in Supplemental Figure
1.

Cell isolations and co-culture assays

Purified cell populations were isolated from the spleen using magnetic bead separation
(Miltenyi Biotec). DCs were isolated using positive selection of anti-CD11c antibody; CD8*
T cells and CD4* T cells were isolated using negative selection to obtain T cells lacking
antibodies on their surface. Th1l and Th17 cells subsets were polarized in vitro using
cytokines and blocking antibodies. For Thl, recombinant mouse IL-12 (20 ng/mL) was used
and for Th17 recombinant mouse IL-6 (20 ng/mL), IL-23 (30 ng/mL) and TGF-beta (10
ng/mL) and a blocking antibody to IFN-gamma (10 ug/mL). The cytokine profiles of these
polarized Th1 and Th17 cells are shown in Supplemental Figure 2A. In some experiments,
purified CD8" T cells from OT-1 mice were cultured in vitro with SIINFEKL ovalbumin
peptide and different combinations of 1L-17A (20 ng/mL), IL-21 (20 ng/mL) and 1L-23 (20
ng/mL). To block cytokines IL-17A, IL-21 and IL-23, anti-bodies against these cytokines
were used at 20 ug/mL.

Virus infection
Mice were challenged intraperitoneally with 2 x 107 pfu of recombinant vaccinia virus
expressing gpl60111B (VPEL6) (45). Six days after challenge both ovaries were
homogenized in PBS, sonicated and assayed for viral titers by culturing 10-fold serial
dilutions with BSC-1 cells (46). After 48 hrs of culture, crystal violet (0.1% in 20% Ethanol)
was added to the cells and the number of plaques were counted and multiplied by the
dilution factor.

Statistics

We performed statistical analyses with Prism (Graph Pad). A two-sided significance level of
0.05 was used for all analyses. The Mann-Whitney, or Wilcoxon non-parametric tests were
used as indicated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IL-1pB abrogates CD4* T cell help for a protective IFN-y secreting CD8* T cell response.
Mice were immunized with P18-110 (CD8 epitope) or PCLUS3-18I111B (CD4 helper + CD8

epitope), 7 days later, spleens were removed and expression of P18-110 tetramer, and

CXCR3 and T-bet on live tetramer specific CD3*CD8" T cells was analyzed (A, C, D).
Splenocytes were stimulated in vitro with P18-110 peptide overnight and expression of IFN-
v was measured in CD8" T cells (B). 10 days post-vaccination, mice were infected i.p. with

2 x 107pfu of VPE16. 5 days later viral pfu was determined in the ovaries (E). Each
experiment was performed three times. Mann whitney test was used to determine

significance. * indicates P<0.05.
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Figure2.

IL-1B enhances development of Tc17 response. Mice were immunized with P18-110 (CD8
epitope) or PCLUS3-18111B (CD4 helper epitope + CD8 epitope), 7 days later, spleens were
removed and were stimulated in vitro with PCLUS3-18111B peptide overnight and
expression of IL-17A was measured in both CD4* and CD8* T cells (A. B). The percentage
of live P18-110 tetramer-positive specific CD3*CD8* T cells expressing CCR6 (Panel C) or
RORyt (Panel D) was analyzed. Each experiment was performed three times. Mann
Whitney test was used to determine significance. * P<0.05, and **P<0.01.
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Figure 3.
T helper 17 cells provide help for Tc17 response but not a Tcl response. A-C. negatively

selected purified CD8* T cells (106) were cocultured with syngeneic DCs (2x105), and 106
polarized CD4* Th1 or Th17 cells prepared as described in Materials and Methods, along
with anti-CD3 antibody in solution. A. BALB/c (left column) and C57BL.6 (right
column)CD8* T cells receiving help from Th1 cells (middle row) or Th17 cells (bottom
row) were analyzed for IL-17 and IFN-y production. B. Multiple similar experiments in
BALB/c mice were compared to show statistics. C. In a similar culture experiment, the cells
were permeabilized and stained for intracellular T-bet and RORyt, transcription factors for
IFN-y and IL-17, respectively. D. In a similar culture, the CD8* T cells cultured with Th1,
Th17 or no Th were stained for granzyme B expression. Each experiment was performed
three times. Wilcoxon rank test was used to determine significance. * P<0.05, and **P<0.01.
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Figure 4.
Th1 cells provide help for Tcl via dendritic cell priming, whereas Th17 cell help for Tc17

response requires both the helper cell and dendritic cell in the culture. A. Purified splenic
DCs from B6 mice were cocultured with polarized Thl or Th17 helper OT-I1 T cells,
prepared as described in Materials and Methods, in the presence of ovalbumin antigen. After
16 hours, CD11c™ DCs were reisolated using magnetic beads and cultured with OT-1 CD8*
T cells for 18 hours. The cells were intracellularly stained for IFN-y or IL-17A, and positive
cells within the CD8* gate enumerated. B. Bar graph shows mean and standard deviation of
3 replicate cultures. Each experiment was performed three times. Mann Whitney test was
used to determine significance. * P<0.05, **P<0.01, and **** P<0.0001.
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Figure5.

IL-21 and IL-23 contribute to the induction of Tc17 cells by Th17. Purified dendritic cells,
CD8™ T cells and CD4* T cells were cocultured using a combination of cytokines and
blocking antibodies. For Th1, recombinant mouse IL-12 was used and for Th17,
recombinant mouse IL-6, IL-23 and TGF-f and a blocking antibody to IFN-y were used.
The polarized cells were washed but not rested before being cocultured. Purified CD8* T
cells from OT-1 mice were cultured in vitro with SIINFEKL peptide and IL-17A, IL-21 and
IL-23 (A). To block, IL-17A, IL-21 and IL-23, antibodies against these cytokines were used
(B). Cells were gated on CD3*CD8* T cells. In (C), Upper panel shows effect of 1L-21

and /or 11-23 on IL-17 producing CD8+ T cells and lower panel shows similar comparison
for IFN-y production. Each experiment was performed three times. Mann Whitney test was
used to determine significance. * P<0.05, and ****P<0.0001.
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Figure®6.

Blockade of TGF-p inhibits induction of Th17 and Tcl7 response by IL-1p and restores
protective Tcl response. Mice were administered intraperitoneally an anti-TGF-f antibody
one day prior to being immunized with P18-110 (CD8 epitope) or PCLUS3-18111B (CD4
helper + CD8 epitope) and were given this antibody every other day. Seven days post-
immunization, spleens were removed and stimulated in vitro with P18-110 peptide or
PCLUS3-18I11B peptide overnight and expression of IL-2 and IL-17A was measured in
CD4* T cells (A)and IFN-y and IL-17A was measured in CD8" T cells (B). % of CD8* T
cells that were positive for P18-110-H2Dd tetramers were also stained for each group in the
spleen (C) and lymph nodes (D). 10 days post-vaccination, mice were infected i.p. with 2 x
107pfu of VPE16. 5 days later viral pfu were determined in the ovaries (E). Mann Whitney
test was used to determine significance between groups of mice. Data shown are
representative of two independent experiments. * P<0.05.
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