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Abstract

Sustained TCR stimulation is required for maintaining germinal center T follicular helper cells
(GC-Tgy). Paradoxically, TCR activation induces interleukin-2 receptor (IL-2R) expression and
IL-2 production, thereby initiating a feedback loop of IL-2 signaling that normally inhibits Ty
cells. It is unclear how GC-Tgy cells can receive prolonged TCR signaling without succumbing to
the detrimental effects of IL-2. Using an influenza infection model, we show here that GC-Tgy
cells secreted large amounts of 1L-2 but responded poorly to it. Importantly, to maintain their IL-2-
hyporesponsiveness, GC-Tgy cells required intrinsic interleukin-6 (IL-6) signaling.
Mechanistically, we found that IL-6 inhibited upregulation of IL-2RB (CD122) by preventing
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association of STATS with the //2rb locus, thus allowing GC-Tgy cells to receive sustained TCR
signaling and produce IL-2 without initiating a TCR/IL-2-inhibitory feedback loop. Collectively,
our results identify a regulatory mechanism that controls the generation of GC-Tgy cells.

ONE SENTENCE SUMMARY

IL-6-mediated inhibition of CD122 allows Tgy cells to receive TCR signaling without initiating an
inhibitory TCR/IL-2 loop.

INTRODUCTION

T follicular helper (Tgy) cells are a subset of CD4* T cells that provide survival and
differentiation signals for the development and maintenance of the germinal centers (GCs)
(1, 2). Tgp cells are primed outside of B cell follicles by antigen (Ag)-bearing dendritic cells
(DCs) (3-6). This early stage of the T cell response is independent of the presence of B
cells (3, 4, 7) and is termed the “DC-phase.” Following their initial interaction with DCs,
CXCRS5 guides Tgy cells into the B/T cell border, where engagement of ICOS and PD-1 by
bystander B cells directs Tgp cells into B cell follicles (3, 8, 9). Once inside the follicles, the
interaction of GC-Tgy cells with activated B cells leads to the formation of GCs (1, 2),
where persistent Ag presentation by GC B cells sustains the Tg cell response (4, 5, 10, 11).

Interleukin-2 (IL-2) signaling inhibits Tgy cell differentiation by repressing Bcl-6 expression
via STAT5 (12-14). Consequently, Ty cell responses fail to develop in high-IL-2
environments (14-16). Strikingly, Tgy cells produce large amounts of I1L-2 upon /n vitro re-
stimulation (17), and a recent study indicates that IL-2-producing cells are the precursors of
Tgp cells (18). This is particularly intriguing since prolonged TCR stimulation, which is
required for normal Ty cell responses (5, 10), normally promotes IL-2R expression,
thereby initiating a positive-feedback loop of IL-2/STAT5 signaling that results in increased
IL-2 responsiveness (19, 20). Thus, the exact mechanisms that allow Tgy cells to receive
sustained TCR stimulation without responding to IL-2 are unclear.

Whereas IL-2 inhibits Bcl-6 expression, IL-6 signaling via STAT3 transiently induces Bcl-6
up-regulation (21, 22). The role of IL-6 in Tgy cells is, however, puzzling. Although
antiviral Ty cell responses are normally initiated in the absence of IL-6/IL-6R interactions
(23-25), intrinsic I1L-6 signaling is critical for sustaining Tgy cell responses during the late
stages of chronic viral infections (24). These data suggest that IL-6 signaling is not
absolutely required for the initiation of the Tgy cell program but is essential for supporting
antiviral Ty responses during the GC-phase. The mechanisms by which I1L-6 signaling
contribute to the development of GC-Tgy cells are unknown.

Using an influenza infection model, we show here that 1L-6 was dispensable for the initial
priming of influenza-specific Ty cells but was critical for the generation of GC-Tgy cells.
Our results demonstrate that fully differentiated GC-Tgy cells produced large amounts of
IL-2 and that intrinsic IL-6 signaling was required for maintaining their IL-2
hyporesponsiveness. Mechanistically, IL-6 negatively regulated CD122 expression, thus
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preventing the initiation of a negative TCR/IL-2-feedback loop that inhibits the generation of
GC-Tgy cells during the non-GC to GC-Tgy transition phase.

RESULTS

GC-Tgy cells require intrinsic IL-6 signaling

To study the role of IL-6 in the influenza-specific Tgy cell response, we infected C57BL/6
(WT) and C57BL/6.//67/~ (1/67/~) mice with influenza and followed the kinetics of the
nucleoprotein (NP)-specific Tgy cells in the lung-draining mediastinal lymph node (mLN)
(Fig. 1A,B). The frequency (Fig. 1A) and number (Fig. 1B) of Bcl-6"CXCR5M NP-specific
Ten cells were similar in WT and /67~ mice early after infection (d7). However, the NP-
specific Tgy cell response prematurely contracted in /67~ mice (Fig. 1A,B). Similar results
were obtained in WT mice treated with anti-IL6 + anti-IL-6R (anti-IL6/R) blocking Abs
(Fig. S1A).

To test whether IL-6 was required beyond the priming phase, we transferred CD45.1* and
CD45.1%/2* OTII cells into congenically different WT or //6”/recipient mice (Fig. 1C). One
day later, the recipient mice were infected with an engineered PR8 influenza virus
expressing the OVA 353339 peptide (PR8-OTII) (26). Three days after infection, CD4* T
cells from WT and //67/~ recipients were purified and mixed so that the mixture contained
equivalent numbers of CD45.1* (WT-primed) and CD45.1*/2* (//67/~-primed) OTII cells.
As expected, OTII cells recovered from WT and //67/~ primary recipient mice contained
similar frequencies of Bcl-6"NCXCR5 Tgy cells (Fig. S1B). Cell numbers were then
normalized to the concentration of OTII cells and a 1:1 mixture of WT and //6/~-primed
OTII cells was transferred into day 5 infected WT or //6'~secondary recipient mice. We
found that regardless of whether OTII cells were initially primed in a WT or /67~
environment, nearly 30% of the donor OTII cells were Tgy cells in the WT mice on day 11
after infection (Fig. 1D,E and S1C). In contrast, less than 12% of the WT and //6/~-primed
OTII cells displayed a Tgy cell phenotype in the /67~ recipient mice (Fig. 1D,E and Fig.
S1C). These results indicated that Tgy cell responses at the peak of the infection were
compromised in the absence of IL-6, regardless of whether CD4* T cells were primed in an
IL-6-sufficient environment.

T follicular regulatory (Tfr) cells suppress Tgp cell responses in some models (27). The
frequency and phenotype of Tfr cells was, however, similar in WT and 1L-6~/~ mice (Fig.
S1D and E). Hence, changes in Tfr cells were not likely responsible for the diminished Try
cell response observed in the /-6~ mice. We next assessed whether the requirement for
IL-6 signaling was T cell-intrinsic. To do this, we infected WT///6r~ mixed bone marrow
(BM) chimeras (Fig. 1F) with influenza and determined the frequency of Tgy cells within
the WT and //6r'~ NP-specific CD4* T cell compartments at different times after infection
(Fig. 1G). The frequency of NP-specific Tgy cells was similar at day 7 (Fig. 1G). In
contrast, NP-specific Tgy cells failed to accumulate in the //677/~ compared to WT
compartment at day 10 after infection (Fig. 1G and H). These results indicated that IL-6
signaling beyond the initial priming phase was intrinsically required for the Tgy cell
response to influenza. This conclusion was consistent with the presence of high levels of
IL-6 during the post-priming phase of the primary response (Fig. S1F).
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We next separated Bcl-6NCXCR5M NP-specific Tgy cells into PD-1M cells (GC-Tgy) and
PD-1/° cells (non-GC-Tgy) in our WT///6r'~ chimeras (Fig. 11). The frequency of NP-
specific Tfh cells with a non-GC-Tgy cell phenotype peaked at day 7 after infection and was
similar in the WT and /67~ donors at all time points analyzed (Fig. 1J). In contrast, the
frequency of NP-specific Tfh cells with a GC-Tgy phenotype peaked between days 10 and
15 and was significantly diminished in the /677~ relative to the WT compartment (Fig. 1K).
As a result, the WT: //6r'~ ratio of GC-Tgy was increased compared to the ratio of non-GC-
Ten or total CD4* T cells (Fig. 1L). These results indicated that the diminished Tgy cell
response observed in the absence of IL-6 signaling was due to the lack of influenza-specific
GC-Tgy cells. In agreement with this, whereas the frequency of extrafollicular CD138*
antibody-secreting cells (ASCs) was similar in WT and //67~ mice (Fig. S1G), the GC B
cell response was reduced in /67~ relative to WT mice at the peak of the infection (Fig.
S1H and I). Furthermore, though the number of GC B cells was similar in WT and /67~
mice at later time points (Fig. S11), we observed a significant reduction in the long-term
influenza-specific 19G2b and 1gG2c levels in /67~ mice compared to WT mice (Fig. SJ).
Our data suggested that IL-6 was dispensable for the priming on non-GC-Tgy cells but was
intrinsically required for the generation of GC-Tgy cells during the non-GC to GC-Tgy cell
transition.

Late IL-6 prevents IL-2 responsiveness of GC-Tgy cells

Given that IL-2 inhibits Try cell responses (12-14) and that IL-6 antagonizes IL-2 signaling
in some models (28, 29), we decided to investigate whether the late requirement for IL-6
signaling correlated with changes in 1L-2 production. Using //2Z-mCherry-//Z-emGFP dual-
reporter mice (30), we found that the vast majority of IL-2 producing cells were CD4* T
cells (Fig. 2A). Although IL-2 producing CD4* T cells were detected early after infection,
the frequency (Fig. 2A) and number (Fig. 2B) of these cells peaked at day 12 post-infection.
The same results were obtained when IL-2-producing NP-specific CD4" T cells were
enumerated (Fig. 2C), or when we assessed IL-2 production by intracellular staining (Fig.
S2A). We also found that close to 80% of the GC-Tgy cells were GFP/IL-2* at day 12 (Fig.
2D). As expected, GFP/IL-2* Try cells were also mCherry/IL-21* (Fig. 2E). The capacity
of GC-Tgp cells to secrete IL-2 was further confirmed by intracellular staining (Fig. S2B).
Similar results were obtained when we analyzed IL-2 production by NP-specific Tfh cells
(Fig. 2F). Importantly, while IL-2* GC-Tgy cells were already detectable at day 7, they
largely accumulated during the peak of the response (day 12) (Fig. 2G and H). These results
indicated that GC-Tgy cells produce large amounts of IL-2 during the peak of the infection.

We next decided to increase IL-2 availability early after infection, a time during which Tgy
cells normally developed in the absence of IL-6. Importantly, treatment of WT mice with
recombinant IL-2 (rIL-2) doses = 15,000 units (U) prevented Tth cell responses (Fig. 3A). In
contrast, no differences were detected with doses under the 15,000U threshold, which we
will refer to as suboptimal doses (Fig. 3A). Thus, we treated influenza-infected WT mice
with a suboptimal dose of rIL-2 or PBS, administered either control or anti-IL6/R Ab, and
evaluated the NP-specific Try cell response on day 7 (Fig. 3B,C). Whereas rlL-2 or anti-
IL-6/R Abs alone did not significantly affect the NP-specific Ty cell response, NP-specific
Trn cells failed to accumulate in mice that received rIL-2 in combination with anti-1L-6/R
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Abs. Similar results were obtained in WT and /67~ mice (Fig. S3A). These results
suggested that the lack of IL-6 signaling lowered the threshold of IL-2 required for
suppressing Tgp cell responses, thereby rendering Try cells more responsive to IL-2.

CD25"FoxP3* T eq cells consume IL-2 early after infection (31-34), thereby lowering the
IL-2 environment and helping Tgy cell differentiation (15). Thus, we considered the
possibility that IL-6 was dispensable early after infection because I1L-2 consumption by Tyeq
cells was sufficient for lowering the 1L-2 availability below the necessary threshold for Tgy
cell suppression. To test this hypothesis, we infected FoxP3-DTR mice with influenza,
depleted Teq cells to increase IL-2 availability (31-34), and assessed whether early Try cell
responses developed in the absence of IL-6 signaling (Fig. 3D,E). In agreement with our
previous studies (15), the frequency (Fig. 3D) and number (Fig. 3E) of NP-specific Tgy cells
were significantly reduced in Treq-depleted relative to control mice. Importantly, however,
the NP-specific Tr cell response was further reduced in Tyeq-depleted mice that received
anti-IL6/R Abs (Fig. 3D,E). These data suggest that, when developing in a high IL-2
environment, IL-6 was required for preventing IL-2 mediated suppression of the Tgy cell
response.

To examine whether IL-6 signaling was intrinsically required to limit IL-2 responsiveness of
Tey cells, we infected WT///6r'~ chimeras with influenza, treated them daily with a
suboptimal dose of rlL-2 or control PBS, and analyzed WT and /67~ Ty cells on day 7
after infection (Fig. 3F), a time during which WT and /67~ Tgy cells similarly
accumulated (Fig. 1G). As expected, the frequency of NP-specific Tgy cells within the WT
and //6r'~ compartments were comparable in the PBS-treated mice (Fig. 3F). In contrast,
the frequency of //677/~ NP-specific Tgy cells was significantly diminished in the rlL-2
treated mice (Fig. 3F). These results indicated that intrinsic I1L-6 signaling protected Try
cells from IL-2-mediated suppression.

To confirm these conclusions, we carried out an /n vitro study to test whether the presence of
IL-6 affected the threshold of IL-2 required to prevent Bcl-6 expression. Carboxyfluorescein
succinimidyl ester (CFSE)-labeled CD4* T cells were activated /n vitro in the presence of
increasing concentrations anti-1L-2 neutralizing Abs and either rIL-6 or control PBS. Bcl-6
expression in proliferating (CFSE!®) CD4* T cells was measured two days later by flow
cytometry (Fig. 3G). Proliferating CD4* T cells cultured in the absence of anti-IL-2
neutralizing Abs (i.e. high IL-2 conditions) expressed low levels of Bcl-6 (Fig. 3G). Bcl-6
expression, however, gradually increased with progressively higher concentrations of anti-
IL-2 Abs (i.e. low IL-2 conditions) (Fig. 3G). Importantly, in the presence of IL-6, a lower
concentration of anti-IL-2 Ab was required to promote Bcl-6 up-regulation (Fig. 3G). CD4*
T cells proliferated at a similar rate in all conditions (Fig. S3B). These data suggested that
intrinsic I1L-6 signaling prevented IL-2 responsiveness of Tgy cells, which was required for
sustaining Tgp cell responses when present in a high-IL-2 environment.

IL-6 prevents IL-2 responsiveness by inhibiting CD122 expression

TCR stimulation, which is required for the maintenance of the GC-Tgy cells (4, 5, 10, 11),
induces CD25 expression. Given that IL-6 signaling negatively regulates CD25 expression
(28, 35, 36), we considered the possibility that IL-6 signaling inhibited IL-2 responsiveness
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of GC-Tgp cells by preventing CD25 upregulation. To test this idea, we infected WT and
1167~ mice with influenza and assessed the expression of CD25 on NP-specific GC-Tgy
cells and NP-specific Tggg cells at different times after infection (Fig. 4A,B). /67~ NP-
specific Teeg cells expressed higher amounts of CD25 relative to WT controls early after
infection (Fig. 4A). We found, however, that CD25 was virtually undetectable in both WT
and //67~ NP-specific GC-Tgy cells (Fig. 4B). We next infected WT/Cd25~~ mixed BM
chimeras, treated them with control or anti-1L-6/R Abs, and enumerated WT and Ca257~
NP-specific GC-Tgy cells on day 10 after infection (Fig. 4C). The NP-specific CD4* T cells
developed comparably from WT and Cd257~ donors in both groups (Fig. S4A). As
expected, WT GC-Tgy cells failed to accumulate in the anti-1L-6/R treated mice relative to
control counterparts (Fig. 4C). However, treatment with anti-IL-6/R Abs also prevented the
accumulation of Cad257'~ NP-specific GC-Tgy cells (Fig. 4C). These results suggested that
IL-6 controlled the threshold of IL-2 responsiveness of Tgy cells by a CD25-independent
mechanism

We next studied whether IL-6 deficiency resulted in changes in CD122 levels. We found that
the expression of CD122 was increased in both /6~ NP-specific Tggg (Fig. 4D) and NP-
specific GC-Tgy cells (Fig. 4E and Fig. S4B) relative to WT counterparts. Similar results
were obtained when we analyzed total GC-Tgy cells (Fig. S4C). To determine whether IL-6
signaling was intrinsically required for preventing CD122 up-regulation on GC-Tgy cells,
we analyzed CD122 expression in WT and /67~ NP-specific GC-Tgy cells from WT///6r
~I= chimeras. We found that /67~ NP-specific GC-Tgy cells were CD122" compared to
WT NP-specific GC-Tgy cells (Fig. 4F). To confirm the effect of IL-6 on CD122 expression,
we analyzed CD25 (Fig. 4G) and CD122 (Fig. 4H) expression /n vitro. As expected,
CFSE!o-CD4* T cells expressed high levels of CD25 in control conditions, but progressively
downregulated CD25 in the presence of increasing concentrations of anti-1L-2 Ab (Fig. 4G).
The presence of rlIL-6 did not significantly change the dynamics of CD25 expression (Fig.
4G). However, whereas CD25!° cells generated under anti-IL-2 Ab conditions expressed
high levels of CD122, CD25!° cells generated in the anti-IL-2 + rIL-6 conditions were
CD122'° (Fig. 4H). Correlating with the differences in CD122 expression, CD25!°CD122!°
cells from the anti-1L-2 + rIL-6 cultures expressed higher levels of Bcl-6 compared to
CD25'°CD122N cells generated in the presence of anti-IL-2 Ab alone (Fig. 41). These data
indicated that intrinsic 1L-6 signaling negatively regulates CD122 expression; thereby
preventing CD122 up-regulation on Tgy cells.

IL-21 and IL-6 overlap in their capacity to promote Tgy cell development (23). Thus, we
used our /n vitro system to test the capacity of 1L-21 to regulate Bcl-6 (Fig. 4J), CD122 (Fig.
1K), and CD25 (Fig. 1L) expression. Similar to the anti-1L-2+rIL-6 conditions, cells
cultured in the presence of anti-IL-2+rIL-21 up-regulated Bcl-6 (Fig. 4J) and downregulated
CD122 (Fig. 4K) compared to cells activated in the presence of anti-IL-2 Abs alone. No
differences were detected in CD25 (Fig. 4L). Next, we studied the Ty cell response in WT
and //21r"~ mice infected with influenza (Fig. 4M-P). The frequency (Fig. 4M) and number
(Fig. 4N) of NP-specific Tgy cells, and the frequency of NP-specific Try cells with a
PD-1M-GC-Tgy cell phenotype (Fig. 40) were similar in WT and /217~ mice at all time
points analyzed. We also found that WT and //221r'~ NP-specific GC-Tgy cells expressed
equivalent levels of CD122 (Fig. 4P). As a control, CD122 expression in NP-specific Tpy
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cells was increased in WT and //217'~ mice treated with anti-1L-6/R Abs (Fig. S4D). These
data indicated that, whereas IL-21 could replace I1L-6 signaling /in vitro, it was dispensable
for down-regulating CD122 and promoting influenza-specific GC-Tgy responses /n vivo. In
contrast, IL-6 signaling was necessary and sufficient.

In the absence of IL-6, STAT5 deficiency rescues GC-Tgy cells

Given that IL-2-producing GC-Tgy cells largely accumulated at the peak of the response and
that GC-Tgp cells express high levels of CD122, we hypothesized that the lack of GC-Tgy
cells observed in the //67/~ mice was due to excessive IL-2/STATS5 signaling. To determine
whether increased CD122 expression in /67~ Tgy cells resulted in augmented
responsiveness to IL-2, we stimulated cells from influenza-infected WT and /67~ mice with
different concentrations of IL-2 and evaluated STAT5 phosphorylation in GC-Tgy cells (Fig.
5A and B). We found that pSTATS was increased in //6/~compared to WT GC-Tg cells
(Fig. 5A and B). Next, we generated WT/Stat5ab™'~ mixed BM chimeras (Fig. 5C), infected
them with influenza, treated them or not with anti-1L-6/R Abs, and enumerated WT and
Statsab™'= GC-Tgy cells on day 10 after infection (Fig. 5D and E). The frequency of WT
GC-Tgp cells was reduced by about 50% in the anti-1L-6/R relative to control-treated mice
(Fig. 5D). In contrast, the frequency of Stat5ab™'~ GC-Tgy cells was similar in both groups
(Fig. 5D). Similar results were obtained when we analyzed the NP-specific GC-Tgy cell
response (Fig. 5E). These results suggested that IL-6 signaling during the non-GC to GC-
Trn cell transition phase prevented CD122 up-regulation, thereby limiting IL-2/Stat5
responsiveness and protecting GC-Tgy cells from the deleterious effect of I1L-2.

IL-6 prevents association of STATS5 to the I12rb locus

To better define the mechanisms by which I1L-6 controls CD122 expression, we examined
whether changes in CD122 expression in the absence of IL-6 correlated with changes in
chromatin accessibility in the //2rb locus in Tgy and Tegg cells (Fig. 6A). We adoptively
transferred naive OTII (CD45.1*) cells into WT or /67~ recipient mice that were then
infected with PR8-OTII one day later. Seven days after infection, donor-derived Tgy and
Tere cells were sorted from WT or //67/~ recipients and chromatin accessibility was
examined via transposase-accessible chromatin-sequencing (ATAC-seq). We observed
differences in chromatin accessibility near the 5” end of the //2rb locus between OTII-Tgy
and OTII-Tggg cells from WT recipients (Fig. 6A). Interestingly, the profile of the ATAC-
seq peaks from OTII-Tgy cells from /67~ recipient mice resembled the profile obtained in
OTH-Tggg cells (Fig. 6A). As a control, no differences were detected in the //2ralocus (Fig.
S5A). These results indicated the presence of regulatory elements at the //2rb locus that were
responsive to IL-6 in Tpy and Tggr cells.

CD122 expression is positively regulated in response to IL-2/STAT5 signaling (19, 20).
Corresponding with this idea, using our WT/Stat5ab'~ chimeras we found that increased
CD122 expression observed after IL-6 blockade was STATS5 dependent (Fig. 6B). Given that
STAT3 competes with STAT5 for DNA binding to some of its target genes (29), we
considered the possibility that IL-6 signaling prevented CD122 expression by interfering
with the ability of STATS to associate to the //2rblocus. Chromatin immunoprecipitation
sequencing studies (ChlIP-seq) have been performed previously to study binding of STAT3
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and STAT5 to the //17alocus (29). We reanalyzed these data and identified three STATS
binding sites, one located at the promoter region (Region A), and two down-stream of the
transcription start site (Regions B and C). STAT3 ChlP-seq peaks were found at the same
sites, thus suggesting that STAT3 and STAT5 bound to the same regions of the //2rb locus
(Fig. S5). Next, we activated CD4" T cells in the presence of rlL-6 or control PBS and used
ChIP-gRT-PCR to study whether 1L-6 signaling affected STATS5 binding to the //2rb locus
(Fig. 6C-E). As expected, we observed reduced //2rb expression in the IL-6 treated cells
(Fig. 6C). We also found that STAT5 association to Regions A and B of the //2rb locus was
significantly diminished in the presence of IL-6 (Fig. 6D), which correlated with reduced
gene expression (Fig. 6C). In contrast, STAT3 association at Region B was significantly
enriched in IL-6 relative to control-stimulated cells (Fig. 6E). Collectively, our results
indicated that IL-6/STAT3 signaling prevented association of STAT5 with the //2rb locus,
thereby preventing CD122 up-regulation and the subsequent initiation of a deleterious-
feedback loop of TCR/IL-2/STATS5 signaling that results in increased responsiveness to IL-2.

DISCUSSION

Here we show that fully differentiated Tgy cells secrete large amounts of IL-2, a potent
inhibitor of Tgy cells (12-14). Despite producing IL-2, however, Tgy cells were resistant to
IL-2 signaling. Our data demonstrated that maintaining IL-2 hyporesponsiveness in Ty
cells during the non-GC to GC-Tgy cell transition was fundamental for the generation of
influenza-specific GC-Tgy cells. Importantly, IL-6 did not limit IL-2 responsiveness by a
CD25-dependent mechanism, but instead prevented CD122 expression. Mechanistically,
IL-6 signaling inhibited CD122 up-regulation in response to TCR stimulation by preventing
STATS association to the //2rb locus, which precluded the initiation of a positive-feedback
loop of TCR/IL-2/STAT5 signaling that would result in increased responsiveness to IL-2.
Collectively, our results demonstrate that IL-6 signaling fine-tunes the threshold of 1L-2
responsiveness of Tgy cells, allowing them to receive TCR stimulation and produce IL-2
without succumbing to its deleterious effects.

Our data suggest a model by which the requirement for IL-6 depends on the relative
availability of IL-2, hence clarifying previous conflicting studies regarding the role of IL-6
in controlling Try cell responses. In this model, in the absence of IL-2, or when the
environmental levels of IL-2 are below the minimum necessary threshold for Tgy cell
suppression, 1L-6 signaling is dispensable. In contrast, when the I1L-2 availability exceeds
the threshold for Try cell suppression, intrinsic IL-6 signaling is required for preventing
IL-2 mediated suppression of the T cell response. The environmental availability of 1L-2
is the result of a tightly regulated balance between IL-2-producing and IL-2-consuming cells
(15, 16, 31). This balance, however, varies throughout the infection depending on timing and
anatomical location. For example, early after infection CD25‘“Treg cells (15, 31) and
CD25"DCs (16) consume T cell-derived IL-2, thereby limiting I1L-2 availability and favoring
Trn cell development during the DC phase. As the immune response to progresses, however,
Trn cells migrate into the B cell follicles where CD25-expressing cells are scarce. As such,
Tregs in B cell follicles characteristically express low levels of CD25 (34, 37, 38) and
CD25*DCs preferentially localize outside the B cell follicles and quickly deregulate CD25
after activation (16). Thus, high density of IL-2-producing Tgn cells combined with the
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scarcity of “IL-2 consumers” generates a relatively high-1L-2 environment during the non-
GC to GC-Tgy transition phase. Under such conditions, IL-6 is required for preventing
excessive IL-2 signaling and generating GC-Tgp cells.

The capacity of Tgy cells to produce IL-2 is not entirely surprising since sustained TCR
stimulation, which is required for the maintenance of GC-Tgy cells, potently induces IL-2
production (4, 5, 10, 11, 39). Moreover, while Blimp-1 represses //2transcription as part of a
negative feedback loop that hinders IL-2 production after T cell activation (40, 41), Bcl-6
positively regulates IL-2 secretion (18). Thus, given that Tgy cells characteristically express
high levels of Bcl-6, low levels of Blimp-1, and establish prolonged cognate interactions
with APCs, it is likely that they will produce large amounts of IL-2. One caveat to our study
is that, due to the lack of Tfh-conditional knock out mice, we did not examine the effect of
IL-2 produced by Tth cells. Thus, further investigations will be required to define the role
played by IL-2-secreting Tgy cells in GC dynamics. In summary, our study indicates that
Trn cell homeostasis is controlled by a tightly regulated balance between the relative levels
of IL-2 and IL-6, rather than by the absolute expression of IL-2 or IL-6 alone, thus offering a
new perspective for how Tgy cell responses are regulated.

STUDY DESIGN

The goal of this study was to determine the role of IL-6 signaling in the Tgy cell response to
influenza. Flow cytometry was used to characterize Tgy cells in WT and /-6~ mice at
different times after infection. The main conclusions were validated using mixed bone
marrow chimeras and molecular studies. All mice were infected with subtlethal doses of
influenza virus. Mice did not receive supportive care, but body condition was monitored
daily. A sample size of 4-5 mice/group/time-point was used for the /in vivo experiments.
This number was sufficient to generate enough cells for analysis and to detect statistically
significant differences between groups while minimizing the use of laboratory animals. The
investigators were not blinded when performing the experiments. Control and experimental
groups were age and sex-matched. Males and females were used in these experiments.

MATERIALS AND METHODS

Mice.

C57BL/6 (B6), B6.SIL-Prorc? Pepcl/Boyd (B6.CD45.1), B6.129S2-1L6M1Kopfy (11-67-),
B6.129P2- TergMIMom 7orgmIMom ( 7orh/= Terg-), B6.129S4- /12ram1Dw/] (Cd257),
B6.Cg-Tg(Lck-cre)3779Nik/J, B6;SIL-116ra’mL-10rewyy (116ra VT C57BL/6-
Tg(TcraTcrb)425Chn/d (OTI1), B6.129S6-FoxpAm1DTR (FoxP3-DTR), and B6N.129-
[121rtm1Kopf/J mice were originally obtained from Jackson Laboratories. //2Z-mCherry-//2-
emGFP dual-reporter transgenic mice were obtained from W. J. Leonard (NHLBI). //6ra I/l
mice were crossed to B6.Cg-Tg(Lck-cre)3779Nik/J mice to generate B6. //6ra TVt 7l/fl_
Lck®*mice (1/6r'"). BM from Stat5a/tFVf-Ca4rel* mice was obtained from Dr. John J.
O’Shea (National Institutes of Health) All mice were bred in the University of Alabama at
Birmingham (UAB) animal facility. All experimental procedures involving animals were
approved by the UAB Institutional Animal Care and Use Committee and were performed
according to guidelines outlined by the National Research Council.
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Infections, BM chimeras and in vivo treatments.

Infections were performed intranasally (i.n) with 6,500 VFU of A/PR8/34 (PR8) influenza
virus in 100 pl of PBS or with 500 VFU of PR8-OTII influenza virus in 100 ul of PBS. BM
chimeras were generated by irradiating the indicated recipient mice with 950 Rads from an
X-ray source delivered in two equal doses administered 4-5 hours apart. Following the
second dose of irradiation, mice were intravenously injected with 5 x 106 total BM cells and
were allowed to reconstitute for 8-10 weeks before influenza infection. In indicated
experiments, experimental animals received an intraperitoneal injection of 50 pg/kg of DT
(Sigma) at the indicated time points. In some experiments, mice were intraperitoneally
administered recombinant IL-2 (National Cancer Institute) at the indicated time points and
doses. In some experiments mice were treated with 250 pg of a mix of anti-IL-6/R (15A7)
and anti-1L-6 (MP5-20F3) neutralizing antibodies, both obtained from BioXcell.

Cell purification and adoptive transfer.

CD45.1*CD45.2" and CD45.17CD45.2" OTII cells were purified from the spleens of naive
CD45.17CD45.2" and CD45.1*CD45.2* OTII mice by positive selection with anti-CD4
beads (Miltenyi Biotec). Purified OTII cells (1x 10%) were transferred i.v into either B6 or
/167 recipient mice. One day later, the recipient mice were infected with PR8-OTII
influenza virus. Three days after infection, CD4* T cells from the mLN of WT and /67~
recipient mice were positively selected with anti-CD4 beads (Miltenyi Biotec). Purified
CD4* T cells were mixed so that the mixture contained a 1:1 ratio of CD45.1*CD45.2" (WT-
primed) and CD45.1*CD45.2* (//67~-primed) OTII cells. Cell numbers were then
normalized to the concentration of OTII cells and 2x103 cells of the 1:1 mixture of WT-
primed and //67/~-primed OTII cells were adoptively transferred into WT and //67~ mice
that were previously infected with PR8-OTII influenza virus 5 days earlier.

In vitro studies.

Naive CD4+ cells were purified from spleens of B6 mice using positive selection with anti-
CD4 MACS beads (Miltenyi Biotec). Purified cells were activated with anti-CD3 (clone
145-2C11, 2.5pug/mL) and anti-CD28 (clone 37.51, 2.5ug/mL) antibodies in the presence of
the indicated concentration of anti-1L-2 neutralizing antibodies (JES6-1A12 and S4B6-1,
BioXcell) with or without rIL6 (R&D) at indicated concentrations. Cells were cultured for
48 h at 37 °C in 125 pl in round- bottomed 96-well plates in RPMI-1640 supplemented with
sodium pyruvate, HEPES (pH 7.2-7.6 range), nonessential amino acids, penicillin,
streptomycin, 2-mercaptoethanol and 10% heat-inactivated FCS (all from Gibco).

ATAC-seq analysis.

OTII (CD45.1*) cells were adoptively transferred into WT (C57BI/6) and //67/~ recipient
mice. One day later, recipient mice were infected with PR8-OTII. Seven days after infection,
30,000 donor-derived CD45.1*CXCR5NSLAM!°CD4*CD19" Tgy and
CD45.1*CXCR5'°SLAMN CD4*CD19" Teee cells were sorted from the mLN of WT and
1167~ recipient mice using a FACSAria (BD Biosciences) and ATAC-seq was performed as
previously described (42). Sorted T and Tggg cells were lysed in ice-cold lysis buffer
(10mM TrisCl pH 7.4, 10mM NaCl, 3mM MgCl,, 0.1% Igepal). Transposase reactions were
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performed using Tn5 transposase (Illumina) and were incubated for 30 minutes at 37°C.
DNA MinElut Kit (Qiagen) was used for DNA purification. Libraries were amplified using
Nextara primers with NEBNext High-Fidelity 2X PCR Master Mix (New England
Biolegends), and reactions were purified with the PCR Purification Kit (Qiagen). Libraries
were sequenced on a 1x50 bp paired end run on a HiSeq2500 instrument in a rapid run mode
at the University of Alabama at Birmingham Heflin Center for Genomic Science.

The raw fastq data files were trimmed to remove primer adapters using Trim Galore! version
0.4.1. Trimmed sequences were aligned to mm9 reference genome from UCSC using
Bowtie2 version 2.2.9 with the option “-X. Aligned reads were then sorted followed by
removal of duplicates using Picard version 2.6.0 SortSam and MarkDuplicates, respectively
(Picard: http://broadinstitute.github.io/picard). Peak calling was then performed using
Model-based Analysis of ChlP-seq (MACS2) callpeak version 2.1.1.20160309 using these
options: ‘-B’, *-q 0.05’, *--call-summits’, ‘—nomodel’, ‘--nolambda’, and --keep-dup all’.
For visualization of the peaks in the UCSC Genome Browser (http://genome.ucsc.edu/),
alignment files were normalized using deepTools version 2.3.3 bamCoverage using the
options: ‘--normalizeTolx 2150570000°, and ‘--ignore For Normalization chrX chrM’.

Statistical analysis.

GraphPad Prism software (Version 7) was used for data analysis. The statistical significance
of differences in mean values was determined using a two-tailed Student’s #test. Pvalues of
less than 0.05 were considered statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel. LatelL-6 signalingisrequired for the accumulation of influenza-specific GC-Tgy cells.
(a-b) C57BL/6 (WT) and C57BL/6.//67~ (1/67~) mice were infected with PR8 and the

frequency (a) and number (b) of NP-specific CD4* T cells with a Bcl-6NCXCR5M Ty cell
phenotype were evaluated in the mLN at the indicated time points. Representative plots
gated on NP-specific CD4* T cells are shown. Data were pooled from three independent
experiments from a total of five independent experiments (Data are shown as the mean +
SD, n=4-5 mice per experiment). *P < 0.05, **P < 0.01, ***P < 0.001. P values were
determined using a two-tailed Students t-test. (c-€) Equivalent numbers of CD45.1*CD45.2
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and CD45.1*CD45.2" OTII cells were respectively transferred into CD45.1°CD45.2* WT
and CD45.1-CD45.2* //67/~ primary recipient mice. One day later, the recipient mice were
infected with PR8-OTII influenza virus. Three days after infection, CD4* T cells from the
mLN of WT and //67'~ recipient mice were purified and mixed so that the mixture contained
equivalent numbers of CD45.1*CD45.2" (WT-primed) and CD45.1*CD45.2* (//67/~-primed)
OTII cells. Cell numbers were then normalized to the concentration of OTII cells and 2x103
cells of the 1:1 mixture of WT-primed and //6/~-primed OTII cells were adoptively
transferred into WT and //6”/~mice that were previously infected with PR8-OTII influenza 5
days earlier. The frequency (d) and number (€) of WT-primed and //6/~-primed OTII cells
with a PD-1MCXCR5M Ty phenotype were determined on day 11 after infection in the
mLN. Data are representative of three independent experiments. Data are shown as the mean
+ SD (n=5 mice). *P < 0.05, **P < 0.01, ***P < 0.001. P values were determined using a
two-tailed Student$ t-test. (f-) 7crt'~ Tera™'~ mice were irradiated and reconstituted with a
50:50 mix of BM from CD45.1* C57BL/6 (WT) and CD45.2* //6raTox/flox_jck-cre=I+ (j16/~)
donors. Eight weeks later, reconstituted mice were infected with PR8 and cells from the
mLN were analyzed at the indicated time points. (f) Expression of CD126 (IL-6Ra) in the
CD45.1* and CD45.2* NP-specific CD4* T cell compartments. Representative plots on day
7 are shown. (g) Frequency of CD45.1* and CD45.2* NP-specific CD4™ T cells with a
Bcl-6-NICXCR5M phenotype. Representative plots are shown. Data in the graph are shown as
the mean + SD (n=5 mice/time point). (h) The ratio of WT to /67"~ CD4* T cells, NP-Tgrr
(Bcl-6-°CXCR5°) and NP-Tgy (Bcl-6-NCXCR5M) cells on day 10 were calculated (mean +
SD, n=5 mice). (i) PD-1 expression within the CD45.1* and CD45.2* NP-specific Tgy cell
compartments. Representative plots on day 10 are shown. Frequency of GC-Tgy
(Bcl-6MCXCR5MPD-1M) (j) and non-GC-Tgy (Bel-6MCXCR5NPD-110) (k) cells within the
CD45.1* and CD45.2* NP-specific CD4* T cell compartments. (I) The ratio of WT to //6r
=/~ NP-specific GC-Tgy, NP-specific non-GC-Tgy, and total CD4* T cells were calculated
(mean = SD, n=5 mice). Data are representative of three independent experiments. Data are
shown as the mean + SD (n=4-5 mice/time point). *P < 0.05, **P < 0.01, ***P < 0.001. P
values were determined using a two-tailed Students t-test.
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Figure 2. GC-Tgy cells produce large amounts of |L-2 at the peak of theinfection.
(a-c) /121-mCherry-//2-emGFP reporter mice were infected with PR8 and cells from the

mLN were analyzed at the indicated time-points. (a) Frequency and (b) number of IL2/GFP
+*CD4* T cells. (c) Number of IL2/GFP* NP-specific CD4* T cells. Representative plots are
shown. Data in the graphs are shown as the mean = SD (n=4 mice/time point). Data are
representative of three independent experiments. (d-g) //2Z-mCherry-//2-emGFP reporter
mice were infected with PR8 and the frequency of IL2/GFP* cells within the
PD-1NCXCRS5N (TEy) and PD-11°CXCR5'° (non-Tgy) CD4* T cell populations were
calculated on day 12 after infection. Representative plots gated on CD19-CD4* T cells.
(Data are shown as the mean £ SD, n=4 mice/time point). (e) Expression of IL-21/mCherry
in IL2/GFP* GC-Tgy and IL2/GFP* non-Tgp cells. Data are representative of three
independent experiments (f) Frequency of IL2/GFP* cells within the PD-1MCXCR5" and
PD-1!°CXCRS5!° NP-specific CD4* T cell populations on day 12 post-infection. (Data are
shown as the mean + SD, n=4) mice. (g-h) Frequency (g) and number (h) of IL2/GFP* GC-
Trn cells at the indicated time points. Data are representative of three independent
experiments. Data are shown as the mean + SD (n=4 mice/time point)
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Figure 3. IL-6 signaling isrequired for sustaining Tgy cellsdeveloping in a high-1L-2
environment.
(a) B6 mice were infected with PR8 and treated daily with the indicated doses of rIL-2

starting one day after infection. The frequency of NP-specific cells with Bcl-6"CXCR5M
Trn cell phenotype was determined in the mLN on day 7 after infection. Data in the graph
are shown as the mean = SD (n=4 mice per group). Data are representative of three
independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001. P values were determined
using a two-tailed Students t-test. (b-c) B6 mice were infected with PR8, treated daily with
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either 7,500U of rIL-2 or PBS alone, or in combination with 250 g of a mix of anti-
IL-6+anti- IL-6/R Abs. The frequency (b) and number (c) of Bcl-6NCXCR5M NP-specific
Tgn cells were determined in the mLN on day 7 after infection. Representative plots are
shown. Data in the graph are shown as the mean = SD (n=4-5 mice per group). Data are
representative of two independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001. P
values were determined using a two-tailed Students t-test. (d-€) Foxp3-DTR-GFP mice were
infected with PR8 and treated with either PBS (control) or DT on day 3 after infection. A
third group was treated with DT and administered 250 ug of a mix of anti-1L-6+anti-IL-6/R
Abs on days 0, 2 and 4 after infection. The frequency (d) and number (€) of Bcl-6NCXCR5N
NP-specific Ty cells in the mLN were calculated on day 7 after infection. Representative
plots gated on NP-specific CD4* T cells are shown. Data in the graph are shown as the mean
+ SD (nh=4-5 mice per group). Data are representative of three independent experiments. *P
<0.05, **P < 0.01, ***P < 0.001. P values were determined using a two-tailed Students t-
test. () Irradiated 7cr&™/~ Terd™'~ mice were reconstituted with a 50:50 mix of BM from
CD45.1* C57BL/6 (WT) and CD45.2* //6ral’ox/flox_jck-cre=/+ (116r71-) donors. Two months
later, chimeric mice were infected with PR, treated daily with 7,500U of rIL-2 or PBS
starting on day 1 after infection, and the frequency of Bcl-6MCXCR5N cells within the WT
and //6r'= NP-specific CD4* T cell compartments calculated on day 7 post-infection in the
mLN. Representative plots are shown. Data in the graph are shown as the mean + SD (n=4-5
mice per group). Data are representative of two independent experiments. *P < 0.05, **P <
0.01, ***P < 0.001. P values were determined using a two-tailed Students t-test. (g) CFSE-
labeled CD4* T cells from the spleen of naive B6 mice were activated 77 vitro with plate-
bound anti-CD3/CD28 Abs in the presence of the indicated concentration of anti-1L-2 Abs
(JES6-1A12+S4B6) and either 10ng/ml of rIL-6 or PBS was added to the cultures. The
expression of Bcl-6 in CFSE!OWCDA4* T cells was assessed at 48h by flow cytometry. Data
are representative of four independent experiments. All values were obtained in triplicate
and the data are shown as the mean £+ SD. *P < 0.05, **P < 0.01, ***P < 0.001P. P values
were determined using a two-tailed Students t-test.
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Figure4. IL-6 signaling limits IL-2 responsiveness by preventing CD122 expression

(a-b) WT and //67~ mice were infected with PR8 and the expression of CD25 in
PD-1!°CXCR5° NP-specific Tesf cells (a) and PD-1MCXCR5M NP-specific GC-Tgy cells
(b) was examined in the mLN at the indicated time points. Data are representative of three
independent experiments. Data in the graph are shown as the mean + SD (n=5 mice). *P <
0.05, **P < 0.01, ***P < 0.001. P values were determined using a two-tailed Students t-test.
(c) Irradiated 7crt™'~ Terd™'~ mice were reconstituted with a 50:50 mix of BM from
CD45.1* C57BL/6 (WT) and CD45.2* C57BL/6.Cd25"~ (Cd25™~) donors. Two months
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later, chimeric mice were infected with PR8, treated or not with 250 ug of a mix of anti-1L-6
+ anti-IL-6/R Abs on days 0, 2, 4, 6 and 8 after infection, and the frequency of
PD-1NCXCR5MN GC-Tgy cells within the WT and Ca257/~ NP-specific CD4* T cells were
examined on day 10 after infection. Representative plots are shown. Data in the graph are
shown as the mean + SD (n=4-5 mice per group). Data are representative of three
independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001. P values were determined
using a two-tailed Students t-test. (d-e) Kinetics demonstrating the expression of CD122 in
PD-1!0CXCR5!° NP-specific Tesf cells (d) and PD-1NMCXCR5N NP-specific GC-Try cells
(e) from PR8-infected WT and //67/~ mice. Data are representative of three independent
experiments. Data in the graph are shown as the mean + SD (n=5 mice). *P < 0.05, **P <
0.01, ***P < 0.001. P values were determined using a two-tailed Students t-test. (f) WT/ //6r
=/~ mixed BM chimeras were infected with PR8 and expression of CD122 in WT and /677~
PD-1MCXCRS5" NP-specific GC-Tgy cells was determined on day 10 after infection. Data
are representative of two independent experiments. Data in the graph are shown as the mean
+ SD (n=5). *P < 0.05, **P < 0.01, ***P < 0.001. P values were determined using a two-
tailed Students t-test. (g-h) CFSE-labeled CD4* T cells from the spleen of naive B6 mice
were activated /n vitro with plate-bound anti-CD3/CD28 Abs in the presence of 0.5ug/ml of
anti-1L-2 Abs (JES6-1A12+S4B6) and either 10ng/ml of rIL-6 or PBS was added to the
cultures. (g) Expression of CD25 in CFSE!°CD4* T cells at 48h. (h) Expression of CD122
in CFSE!°CD25!0 CD4* T cells. (i) Expression of Bcl-6 in CFSE!’CD25!° CD4* T cells.
Data are representative of three independent experiments. All values were obtained in
triplicate and the data are shown as the mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001P. P
values were determined using a two-tailed Students t-test. (j-I) CFSE-labeled CD4" T were
activated /n vitro in the presence of anti-1L-2 Abs (JES6-1A12+S4B6) and rIL-6 (10ng/ml),
riL-21 (50ng/ml), or PBS was added to the cultures. The expression of Bcl-6 (j), CD122 (k),
and Cd25 (1) in CFSE!OWCDA4* T cells was assessed at 48h. Data are representative of two
independent experiments. All values were obtained in triplicate and the data are shown as
the mean + SD. (m-0) WT and //21r7~ mice were infected with PR8 and cells from the mLN
were analyzed at the indicated time points. Frequency (m) and number (n) of
Bcl-6NCXCR5N NP-specific Tgy cells. (0) Frequency of PD-1M GC-Tgy cells within the
NP-specific Tgy cell population. (p) Expression of CD122 in NP-specific GC-Tgy cells.
Data are representative of two independent experiments. Data in the graph are shown as the
mean = SD (n=5).
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Figure5. Lack of GC-Tgy cellsin the absence of IL-6 signaling is STAT5 dependent.
(a) Cells obtained from the mLN of PR8-infected WT and //6~ mice were stimulated with

the indicated amounts of rIL-2 for 15 minutes and STAT5 phosphorylation in
PD-1MBcl-6NCXCR5NCD4*B220~ GC-Tgy, CD4*B220-Bcl-6/°CXCR5!°CD25Foxp3*
Treg and in PD-1°Bcl-6/°CXCR5/°CD4*B220-CD25 Foxp3™ naive CD4* T cells was
determined by flow cytometry on day 10. Data are representative of three independent
experiments. Data are shown as the mean = SD (n=8-10 mice). (b) Kinetic of STAT5
phosphorylation in GC-Tgy at different times after infection. Data were pooled from three
independent experiments. Data are shown as the mean + SD. (c-€) Irradiated 7crt™~ Tera !~
mice were reconstituted with a 50:50 mix of BM from CD45.1* C57BL/6 (WT) and
CD45.2* Statsa/6VM-Casmel* (Stat5~) donors (c). Two months later, chimeric mice were
infected with PR, treated or not with 250 pg of a mix of anti-IL-6 + anti-IL-6/R Abs on
days 0, 2, 4, 6 and 8 after infection, and cells from the mLN were analyzed on day 10 post-
infection. (d) Frequency of PD-1NCXCR5N GC-Tgy cells within the WT and Stat5/~ CD4*
T cell compartments. (€) Frequency of PD-1MCXCR5M GC-Tgy cells within the WT and
Stat5™~ NP-specific CD4* T cell compartments. Representative plots are shown. Data in the
graph are shown as the mean + SD. Data were pooled from three independent experiments.
*P <0.05, **P < 0.01, ***P < 0.001. P values were determined using a two-tailed Student$
t-test.
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Figure 6. IL-6 signaling limits CD122 expression by inhibiting STAT5 association to the ll12rb
locus.
(a) OTII (CD45.1*) cells were adoptively transferred into WT and /67 recipient mice. One

day later, recipient mice were infected with PR8-OTII. Seven days after infection, donor-
derived CD45.1*CXCR5NSLAM!°CD4*CD19" Ty and
CD45.1*CXCR5/°SLAMNCDA4*CD19" Te cells were sorted from the mLN of WT and
1167~ recipient mice and ATAC-seq was performed. USCS genome browser tracks
displaying chromatin accessibility peaks at the //2rb locus are shown. Results are
representative of two biological replicates from two independent experiments. (b) WT/
Star57'~ mixed BM chimeras were infected with PRS, treated or not with 250 g of a mix of
anti-1L-6+anti-1L-6/R Abs on days 0, 2, 4, 6 and 8 post-infection, and expression of CD122
in WT and Stat57~ PD-1NCXCR5N NP-specific GC-Tgy cells was determined on day 10
after infection. Data in the graph are shown as the mean + SD (n=3-5 mice per group). Data
are representative of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001. P
values were determined using a two-tailed Students t-test. (c-€) CD4* T cells from the
spleen of naive B6 mice were activated /7 vitro with plate-bound anti-CD3/CD28 Abs in the
presence of rIL-6 or control PBS. (c) The expression of //2rbwas determined by RT-PCR on
day 3. Data are normalized to RpsZ8and represented as fold change in expression relative to
the control condition. Data are shown as the mean + SD (n=5). (d-e) CD4" T cells activated
in the presence of IL-6 or control PBS were crosslinked with paraformaldehyde at 72h.
Chromatin samples were immunoprecipitated with anti-STAT5 (d) or anti-STAT3 (€) and the
indicated regions of the //2b locus were monitored by gPCR. Data are shown as the mean +
SEM (n=3). Samples were normalized to the total input followed by subtraction of the
isotype control to account for unspecific antibody binding and represented as relative fold
change enrichment. Data are shown as the mean + SEM (n=3). Data are representative of
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three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001. P values were
determined using a two-tailed Students t-test
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