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FIGURE 4. T cells do not produce IL-17A in diabetic RIP-LCMV-GP mice. IL-17A eGFP reporter RIP-LCMV-GP mice were infected with 10* PFU
LCMYV Armstrong (n = 8). A, Blood glucose levels of male (solid symbols), or female (open symbols) IL-17A eGFP reporter RIP-LCMV-GP mice at
indicated time points after infection (a.i.). B, IL-17A/eGFP expression in various T cell types from spleen (upper row), pancreatic LN (middle row), or
pancreas (lower row) of diabetic mice (day 14 a.i.). Cells were freshly stained and acquired without prior in vitro restimulation, inhibition of protein
secretion, cell fixation or permeabilization. Graphs shown are gated on the cell type indicated at the top of the respective column. Values <0.1 are depicted
as zero. C and D, Lack of IL-17A expression by restimulated CD4 T cells (C) and CD8 T cells (D) from diabetic RIP-LCMV-GP mice. IL-17A eGFP RIP-
LCMV-GP mice were infected with 10* PFU LCMV Armstrong (1 = 6). At day 14 postinfection (recent-onset diabetes), spleen (fop row) and pancreatic
LNs (bottom row) were harvested and, to allow IFN-y/TNF-a visualization, were restimulated in vitro with PMA and ionomycin (P/I), gp33-41 peptide, or
¢p61-80 peptide in the presence of brefeldin A, as indicated. Representative graphs shown are gated on CD8 or CD4 T cells in C or D, respectively.

ionomycin did not produce strong IL-17A/eGFP signals in CD4
from spleen, pancreatic LN, or pancreas, regardless of whether
they were of naive (CD44'™) or effector/memory (CD44"eM)
phenotype (Fig. 5A). Similarly, CD8 T cells from prediabetic
animals did not produce IL-17A in situ or upon stimulation with
MHC class I-restricted gp33-41 peptide or PMA/ionomycin (Fig.
5B). This indicates that during the effector response leading up
to diabetes in the RIP-LCMV model, IL-17A is unlikely to play
a driving role in the autoimmune process.

Transferred autoantigen-specific CD4 T cells do not become
Thl7 during virally induced diabetes

We further substantiated that autoantigen-specific CD4 T cells do
not produce IL-17A during diabetes development by transferring

FIGURE 5. T cells do not produce A
No Stim

autoantigen-specific IL-17A eGFP reporter Smarta CD4 T cells
into RIP-LCMV mice. Smarta T cells are CD4 TCR transgenic
T cells derived from a transgenic mouse expressing an MHC class
II-restricted TCR with specificity for an LCMV glycoprotein-
derived Th cell epitope (gp61-80/1-A° specific) (38). In this ex-
periment, we crossed B6.SjL X Smarta, containing Ly5.1 alleli-
cally marked Smarta T cells, to the IL-17A eGFP reporter mouse
strain. Next, transfer of purified Ly5.1" IL-17A eGFP Smarta CD4
T cells allowed us to track CD4 T cells with a specificity for B-cell
autoantigen and assess in vivo IL-17A production accurately and
without manipulations or artifacts.

On days 4,7, and 11 after diabetes induction, we harvested spleen,
pancreatic LNs, and pancreas from recipient RIP-LCMV-GP mice.
As expected, the Ly5.1" Smarta CD4 population was readily
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FIGURE 6. Transferred Smarta cells do not produce IL-17A during diabetogenesis. Ly5.1*-allelically marked IL-17A eGFP reporter Smarta CD4 T cells
were transferred on day —1 to LCMV-infected RIP-LCMV-GP mice (n = 4 per time point). A, In situ IL-17A production was assessed at indicated time
points in spleen, pancreatic LN, and pancreas by flow cytometry. Cells were stained fresh for surface markers and acquired fresh without prior in vitro
restimulation, inhibition of protein secretion, cell fixation or permeabilization. Representative graphs are shown and displayed as IL-17A/eGFP versus
Ly5.1 of the live CD4*CD8™ lymphocyte gate. B and C, Transferred Smarta cells do not produce IL-17 upon in vitro restimulation. Cells recovered as in A
were restimulated in vitro in the presence of brefeldin A with gp61-80 peptide (B) or PMA and ionomycin (C) before fixation, permeabilization, and
intracellular staining for IFN-y. Representative graphs (IFN-y versus IL-17A/eGFP) shown are gated on live Ly5.1" (B6.SjL Smarta) CD4*CD8~ lym-

phocytes. Frequencies <0.1% are rounded to zero.

detectable at day 4, peaked at day 7, and contracted by day 11
(Fig. 6A4). However, we could not detect any 1L-17A/eGFP in host
CD4 T cells (Ly5.17) or transferred Smarta (Ly5.1%) cells recov-
ered from spleen, pancreatic LN, or pancreas (Fig. 6A). In vitro re-
stimulation showed that recovered Smarta CD4 T cells produced
IFN-v, but not IL-17A/eGFP, in response to their cognate Ag gp61-
80 at both days 7 and 11 (Fig. 6B). Similarly upon PMA/ionomycin
restimulation, Smarta T cells recovered from spleen, pancreatic
LN, or pancreas produced mainly IFN-vy, but not IL-17A/eGFP
(Fig. 6C). Taken together, we conclude that autoantigen-specific
CD4 T cells do not differentiate into Th17 during activation and
clonal expansion in the type 1 diabetogenic process.

Discussion

Scientists now value the role of IL-17 in the clearance of pathogens,
especially in bacterial or fungal infections (3). In this study, we first
validated the use of an IL-17A eGFP bicistronic reporter mouse
strain (29) for IL-17A detection directly ex vivo upon bacterial
infection with K. pneumoniae. We next assessed the in situ pro-
duction of IL-17A during infection with LCMV, an RNA arena-
virus. The CD8 immune response to LCMYV is characterized by an
initial primary expansion of LCMV-specific, IFN-y* T cells,
peaking at 7-9 d after inoculation. This is followed by a contrac-
tion phase leaving a resting pool of LCMV memory CTLs that are
maintained at a similar frequency for a long period of time (39).
The main inflammatory cytokines secreted by cytotoxic T cells
are IFN-y and TNF-a. CD4, in contrast, produces IL-21 during
LCMV infection, which was recently shown to be crucial to

control LCMV infection (10-13), and can initiate and amplify
Th17 differentiation (14, 15). Therefore, it was reasonable to
speculate that Th17 cells may have a role in immunity to LCMV.
We addressed this by using a cytokine reporter system for IL-17A
in favor of IL-17F, because IL-17F is expressed by only a sub-
population of IL-17A—expressing Th17 cells. However, in contrast
to our anticipation and the data acquired in a bacterial infection
setting, we could not detect T cell-derived IL-17A at any stage of
the immune response to acute low- or high-dose LCMV Arm-
strong infection or protracted infection by LCMV clone 13.

Our data on LCMV infection resemble the data on neurotropic
coronavirus infection in that IL-17 levels did not exceed background
(40). However, data on other viral infections show that Th17 can
affect viral clearance as well as immunopathology, depending on the
virus. An example of IL-17 contributing to viral clearance is the
action of Tc17 and Th17 cells in response to influenza A virus (7, 8).
In contrast, Th17 cells promote viral persistence after Theiler’s
murine encephalomyelitis virus infection (9). IL-17 can also con-
tribute to immunopathology. As such, elevated levels of IL-17 have
been found in the corneas of mice infected with HSV-1, a DNA
virus (41), but the increased immunopathological lesions upon
HSV-1 infection of p19™'~ mice, which lack IL-23 and thus Th17
responses, indicate that IL-17 might serve by dampening in-
flammatory immune responses (42). In other viral infections, IL-17
or Th17 have been detected, but their role remains to be determined.
For example, hepatitis C virus infection of individuals induces Ag-
specific Th17, probably to combat viral infection (43). However,
hepatitis C virus nonstructural protein-4—induced TGF-f3 and IL-10
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inhibit these responses, which may represent another example of an
evasion strategy of viruses to subvert protective immune responses
(43). Moreover, both CD4* and CD4™ T cells from HIV-infected
individuals can produce IL-17 after in vitro stimulation with PMA
and ionomycin, but the specificity of these cells is unknown (44).
Notably, acute pathogenic lentiviral SIV infection of pigtailed
macaques, in contrast to nonpathogenic infection of African green
monkeys, results in selective loss of Th17 cells, which is an in-
dependent predictor of increased systemic immune activation (45).
Importantly, this difference was explained by bacterial translocation
and compromised colonic mucosal integrity (46). This implies that
effects of viral infections on IL-17 responses are not necessarily
direct host-to-pathogen reactions but can be a result of indirect
effects involving nonviral microbial stimuli. With regard to LCMV
infection, a recent report showed that both eomesodermin and T-bet
block differentiation of CD8 T cells into IL-17-producing cells
(47). Consequently, our data imply that the differentiation pathways
governed by these transcription factors are not simultaneously im-
paired at any stage during acute or protracted infection. Taken to-
gether, we conclude that it is very unlikely that T cell-derived IL-
17A plays a role in acute or protracted LCMV infection.

Besides a role in host defense, there is evidence that Th17 cells (or
at least unregulated IL-17 production) are involved in rheumatoid
arthritis, psoriasis, multiple sclerosis, and inflammatory bowel dis-
ease (16). However, the role of IL-17 in autoimmune diabetes is less
clear. Recently, it was shown that treatment with anti-IL-17A mAb
prevents diabetes in NOD mice when administered at late pre-
diabetic stage (10 wk) but not at early stages (23). In contrast,
transferred BDC2.5 Th17 cells are diabetogenic in NOD and NOD/
SCID mice but convert to IFN-y—producing Th1 cells that induce
diabetes (21, 25). This “Th17-induced” diabetes is not inhibited by
anti—IL-17 treatment but by anti—-IFN-v treatment (25), suggesting it
is not the Th17 cell that is diabetogenic. Further to this, recent ev-
idence even suggests IL-17—producing yd T cells (26) or Th17 (27)
can be protective in T1D, perhaps after regulation in the gut (29). In
the current study, using IL-17A reporter mouse strains, we show that
CD4 or CD8 T cells do not produce IL-17A in situ before or after
diabetes onset in a virally induced model of T1D. This was re-
gardless of the naive or memory phenotype of the cells or bystander
or autoantigen specificity of the CD4 or CD8 T cells. Importantly,
this was not due to a technical detection limitation of the IL-17A
reporter, as IL-17A remained undetected after in vitro restimulation
by eGFP signal or standard ICS methods. Of note, other cytokine
reporter mice for IFN-vy [Yeti (48)], IL-4 [4get (49)], or IL-10 [Tiger
(50)] do not require in vitro restimulation to report the in situ pro-
duction of the respective cytokine. This indicates that T cells simply
are not skewed toward the Th17 or Tc17 lineage. Our data showing
the lack of IL-17A protein but abundance of IFN-vy suggest that IL-
17A is unlikely to be an essential molecule in T1D. This statement is
further supported by data from the laboratories of Cooke (25) and
Dong (21) showing that transferred Th17 cells convert to IFN-y—
producing Thl cells before inducing diabetes in an NOD/SCID
transfer model. Our data might also imply that the reported in-
creased levels of IL-17A transcripts in NOD mice (21) do not
translate into more IL-17A protein.

Taken together, our data support a role for IL-17A in bacterial
infections but suggest that IL-17A is not essential in viral elimi-
nation or autoimmune diabetes.
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Legends to supplementary figures

Supplementary FIGURE 1. Detection of IL-17A by IL-17A-IRES-eGFP bicistronic reporter in
Th17-polarized splenocyte cultures. Whole splenocytes from IL-17KI, IL-17Het, or WT mice
were stimulated with anti-CD3/28 mAbs under Th17 polarizing conditions for 3 days. A Next,
CD4 (upper panel) and CDS (lower panel) T cells were identified by flow cytometry. Depicted
values are percentages of lymphocyte gate. B Effect of fixation on stability of IL-17A/eGFP
reporter intensity levels. Cells were cultured and stained as in (A), and acquired prior to fixation
(fresh, left), or 2 hour or 16 hours after fixation with 1% PFA (paraformaldehyde, top row) or
BD Cytofix (formaldehyde, bottom row). Depicted are contour plots of CD4 versus
IL17A/eGFP, gated on CD4 T cells. C Correspondence of IL17A/eGFP expression with IL-17A
detection by intracellular staining by mAb. Cells were cultured as in A, then restimulated with
PMA and ionomycin. Shown are contour plots of IL-17A/eGFP versus IL-17A by mAb gated on

CD4 T cells. Data are representative of 5 independent experiments.

Supplementary FIGURE 2. IFN-y production dominates over IL-17A production during the
CD4 response to LCMYV infection. IL17A-IRES-eGFP mice were infected with low-dose (10”4
pfu) LCMV Armstrong. At indicated time points, recovered splenocytes were restimulated with
gp61-80 peptide or PMA/ionomyin in the presence of Brefeldin A before intracellular staining
for IFN-g and IL-17A by mAb. Despite the infection of IL17A-IRES-eGFP mice, eGFP is not
shown in these graphs (see main document for IL-17A readout via eGFP). Graphs are gated on

CD4 T cells. Numbers indicate percentage in respective gate.

TT0Z ‘92 1sNBNY Lo B10" [oUNLUILLI MMM LLIO.J POPRO JUMOQ


http://www.jimmunol.org/

