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SUMMARY

Interleukin-17A (IL-17A) is a major mediator of tissue
inflammation in many autoimmune diseases. Anti-IL-
17A is an effective treatment for psoriasis and is
showing promise in clinical trials in multiple sclerosis.
In this study, we find that IL-17A-defective mice or
mice treated with anti-IL-17A at induction of experi-
mental autoimmune encephalomyelitis (EAE) are
resistant to disease and have defective priming of
IL-17-secreting vd T (ydT17) cells and Th17 cells.
However, T cells from /I17a~’~ mice induce EAE in
wild-type mice following in vitro culture with autoanti-
gen, IL-1B, and IL-23. Furthermore, treatment with IL-
1B or IL-17A at induction of EAE restores disease in
I117a~’~ mice. Importantly, mobilization of IL-1B-pro-
ducing neutrophils and inflammatory monocytes and
activation of y3T17 cells is reduced in lI17a~'~ mice.
Our findings demonstrate that a key function of IL-
17A in central nervous system (CNS) autoimmunity
is to recruit IL-1B-secreting myeloid cells that prime
pathogenic y3T17 and Th17 cells.

INTRODUCTION

Interleukin-17A (IL-17A), IL-17A-producing T helper-17 (Th17)
cells, and IL-17A-producing yd T (ydT17) cells are key mediators
of inflammatory pathology and hence therapeutic targets in the
treatment of many autoimmune diseases, including psoriasis,
rheumatoid arthritis, and multiple sclerosis (MS). Antibodies that
block IL-17 or its receptor are highly effective in the treatment of
psoriasis, and promising results have emerged from an early clin-
ical trial with the anti-IL-17A antibody, secukinumab, in patients
with relapsing-remitting (RR) MS (Havrdova et al., 2016).

Studies in the mouse model for MS, experimental autoimmune
encephalomyelitis (EAE), have suggested that IL-17A has a vari-
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ety of proinflammatory effects in CNS autoimmunity. Th17 cells
produce IL-17A and express RORvt; a deficiency in RORyt con-
fers resistance to EAE (lvanov et al., 2006). The development of
Th17 cells from naive CD4™ T cells is directed by IL-6 in combi-
nation with transforming growth factor-p (TGF-B) (Bettelli et al.,
2006; Mangan et al., 2006), and this process is enhanced by
the presence of IL-1B (Veldhoen et al., 2006). IL-23 is required
for their expansion and terminal differentiation into mature
effector Th17 cells (McGeachy et al., 2009). Our group demon-
strated a vital role for IL-1B in CNS autoimmunity (Sutton et al.,
2006). IL-23 in synergy with IL-1p induces the secretion of IL-
17A from Th17 cells and y3 T cells (Sutton et al., 2009).

IL-17A plays a crucial role in host defense against fungal and
bacterial infection at mucosal surfaces through the induction of
chemokines that recruit neutrophils and, with IL-22, the induc-
tion of anti-microbial peptides (Kumar et al., 2013; Mills, 2008).
The function of IL-17A in autoimmunity is considered to involve
activation of proinflammatory cytokines, chemokines, and ma-
trix metalloproteinases in disease tissue, in particular in synergy
with other cytokines, such as tumor necrosis factor (TNF) and IL-
22 (Hirata et al., 2010; Park et al., 2005). IL-17A has been shown
to drive the production of IL-18, IL-6, TNF, and granulocyte
macrophage-colony stimulating factor (GM-CSF) from fibro-
blasts (Fossiez et al., 1996) and epithelial cells (Ishigame et al.,
2009), but also from macrophages (Jovanovic et al., 1998) and
dendritic cells (DCs) (Sutton et al., 2009). Furthermore, IL-17-
induced IL-18 production from T cells via activation of the
ASC-NLRP3 inflammasome promotes Th17 cell proliferation
and survival in the CNS (Martin et al., 2016). Finally, IL-17A in-
duces chemokine expression, such as CCL2 (MCP-1) and
CXCL2 (MIP-2) as well as CCL20, which recruits CCR6-express-
ing IL-17A-producing cells (Hirata et al., 2010), and can promote
the expansion and survival of recruited neutrophils and mono-
cytes through the induction of G-CSF and GM-CSF (Parsonage
et al., 2008; Schwarzenberger et al., 2000).

Despite the overwhelming evidence that Th17 cells and yv3T17
cells play pathogenic roles in many autoimmune diseases, the
role of IL-17A in EAE is still controversial and poorly understood.
It has been reported that mice defective in IL-17A are resistant to
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EAE (Komiyama et al., 2006; Yang et al., 2008), but others have
reported that absence of IL-17A has a minimal effect on the
course of disease (Haak et al., 2009). Furthermore, overexpres-
sion of IL-17A in CD4* and CD8™ T cells, or neutralization of IL-
17A after the induction of EAE, has only a minor impact on the
severity of disease (Haak et al., 2009; Hofstetter et al., 2005).

In this study, we demonstrate that IL-17A production by
autoantigen-specific CD4* T cells is not essential for the
development of EAE. Instead, we show that early IL-17A,
derived mostly from Vy4* v3 T cells, promotes chemokine in-
duction that drives recruitment of IL-1B-producing neutrophils
and Ly6C" inflammatory monocytes to the draining lymph no-
des (LNs), which in turn promotes the development of patho-
genic yd T cells, Th17 cells, and autoimmunity. Our findings
demonstrate that a key function of IL-17A in CNS autoimmu-
nity is to mobilize IL-1B-secreting myeloid cells that prime
pathogenic T cells.

RESULTS

IL-17A Is Required for Induction of Effector CD4* and vd
T Cell Responses in EAE

The precise function of IL-17A in CNS autoimmunity is still un-
clear. Here, we found that //77a~/~ mice were resistant to the in-
duction of EAE. The onset of clinical signs of MOG-induced EAE
was delayed in //17a~’~ compared with C57BL/6 wild-type (WT)
mice (Figure 1A). By day 20 of EAE, 100% of WT mice had devel-
oped severe disease, whereas only 35% of /l17a~’~ mice
showed only mild clinical signs. //17a~'~ mice had significantly
reduced numbers of infiltrating CD4" and y3 T cells in the spinal
cord on day 12 after the induction of EAE (Figure 1B). Further-
more, there was also a significant reduction in numbers of IL-
17A, GM-CSF, and interferon (IFN)-y-secreting CD4" and 3
T cells in the spinal cords of //17a~'~ compared with WT mice
(Figure 1C and 1D). These results suggest that resistance to
EAE in lI17a~’~ mice is due to a failure of encephalitogenic
T cells to infiltrate the CNS.

To analyze the role of IL-17A at different stages of EAE, we
investigated the effect of neutralizing IL-17A at induction or
effector stages of disease. Treatment with anti-IL-17A during
the effector phase of EAE ondays 10, 13, 15, and 18 (Figure 1E)
or days 7, 10, 12, and 15 (Figure S1) did not affect disease
severity. In contrast, mice treated with anti-IL-17A during the
induction phase of EAE (days —1 and 2) had delayed and
significantly attenuated clinical signs of disease (Figure 1F).
Furthermore, mice treated with anti-IL-17A during the induc-
tion phase of EAE had reduced numbers of IL-17A, GM-CSF,
and IFN-y-secreting CD4™ T cells in the spleen on day 8 of
EAE (Figure 1G) and importantly, reduced induction of patho-
genic polyfunctional IL-17A*IFN-y* and IL-17A*GM-CSF*
CD4* T cells (Figure 1H). These results suggest that IL-17A
plays an essential early role in EAE by activation of encephali-
togenic CD4" T cells.

IL-17A Primes Th17 Cells during Induction of EAE

To examine the possible role of IL-17A in the priming of Th17
cells, we examined Th17 cell responses under homeostatic con-
ditions and after immunization with MOG and CFA (to induce

EAE) or with a model antigen and adjuvant in //177a~'~ versus

WT mice. Peripheral T cell activation was defective in //17a~/~

mice after the induction of EAE. The frequencies of IL-17A and
IFN-y-producing CD4* T cells and IL-17A, GM-CSF, and TNF-
producing v3 T cells were significantly reduced in the LN of
ll17a~'~ compared with WT mice on day 5 of EAE (Figure 2A).
Furthermore, expression of RORyt was significantly reduced in
CD4* and vd T cells from //17a~’~ mice (Figure 2B). In addition,
mRNA expression of Rorc and Tbx21, master transcription fac-
tors for Th17 and Th1 cells, and ltga4, the alpha subunit of the
integrin VLA-4 that drives T cell infiltration into the CNS in EAE,
was significantly reduced in LN CD4* T cells from //17a~/~
compared with WT mice on day 5 of EAE (Figure 2C). By day 7
of EAE, the absolute numbers of CD4* and v3 T cells were signif-
icantly reduced in the draining LN of //77a~’~ compared with WT
mice (Figure S2A). Furthermore, the absolute numbers of Ki67*
CD4* and y3 T cells, and RORyt* vd T cells, but not CD4*
T cells, were significantly reduced in //77a~'~ mice (Figure S2B).
In addition, peripheral MOG-specific T cell responses were
significantly lower in //77a~’~ mice 7 days after induction of
EAE. Stimulation of LN and spleen cells with MOG induced sig-
nificant proliferation of CD4* T cells from WT, but not //1 7a~’~
mice (Figure 2D). MOG-specific production of GM-CSF and
IFN-y was significantly reduced, whereas IL-17F production
was enhanced in //77a~/~ mice (Figure 2E). These findings sug-
gest a key role for IL-17A in the induction of autoantigen-specific
T cells in EAE, but also suggest that IL-17F may compensate for
or be regulated by IL-17A.

We next assessed if the defective MOG-specific Th17 cell
response in //17a~'~ mice reflected a general defect in priming
in these mice. IL-17F, GM-CSF, and IFN-y production were
not significantly reduced in //77a~’~ mice immunized with KLH
in combination with c-di-GMP and LP1569 (Figure 2F), an adju-
vant combination that drives potent Th1 and Th17 cell responses
(Allen et al., 2018). This suggests that //17a~~ mice do not have a
general defect in T cell priming.

Under resting conditions WT and //17a mice had similar
numbers of CD4" T cells (Figure 2G) and Vy4~ (Vy1.1" and
Vy6¥) yd T cells (Figure 2H) in the LNs. However, there was a sig-
nificant reduction in the numbers of Vy4* v3 T cells in the LNs of
1117a~'~ mice (Figure 2I). The number of CD27~ Vy4*, but not
CD27* Vy4*, v3 T cells was reduced in /l77a~/~ mice and in
111r1~'~ mice (Figure 2J). CD27~ Vy4* 3 T cells produce IL-
17A in response to IL-1B and IL-23, whereas CD27* v3 T cells
are predominantly IFN-y-producing (Ribot et al., 2009). Further-
more, Vy4* v3 T cells from //77a~’~ mice had reduced expres-
sion of CD44, CD25, Ki67, IL-17RA, and RORyt (Figures 2K
and S2C). Collectively, these findings suggest that the defective
induction of MOG-specific Th17 cells in //77a~’~ mice does not
reflect an intrinsic defect in CD4™ T cells in these mice, but
may be related to a defect in activation of IL-17A-secreting v3
T cells, which promote CD4* T cell responses.

—/—

IL-17A Production by Encephalitogenic Th17 Cells Is
Not Essential for Development of EAE

To examine the role of IL-17A in the induction versus effector
stage of EAE, we used the transfer model where MOG-specific
T cells are generated in donor mice (and partly in vitro), and the
effector phase of disease occurs in recipient mice. MOG-spe-
cific T cells from WT and //17a~/~ donor mice were expanded
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(B-D) Flow cytometric analysis of infiltrating CD4*
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and F), Mann-Whitney U test (B-D), or unpaired
t test (G).
See also Figure S1.
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results indicate that in vitro autoantigen
re-stimulation in the presence of IL-18
and IL-23 can overcome the need for
IL-17A during the induction phase of disease, suggesting that
IL-17A may act in a positive feedback loop to promote produc-
tion of IL-1f and/or IL-23.

An examination of infiltrating CD4" T cells in the brains of
recipient mice revealed that while mice injected with MOG, IL-
1B, and IL-23-stimulated //77a~’~ T cells had significantly
reduced numbers of IL-17A-secreting CD4* T cells, they had
significantly increased numbers of IL-17F, GM-CSF, and IFN-
y-producing CD4* T cells in the brain compared with mice in-
jected with the equivalent WT cells (Figure 3C). This suggests
that there may be redundancy between these cytokines in the
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effector phase of disease. To test this hypothesis, we used
I117ra~’~ mice, which are unresponsive to IL-17A and IL-17F,
as recipients in the passive transfer model of EAE. The severity
of EAE was reduced in //17ra~’~ mice that acted as recipients
for cells from //17a~’~ mice (Figure 3D). Treatment of recipient
mice with anti-GM-CSF, following transfer of IL-1f and IL-23-
stimulated MOG-specific /i1 7a~'~ cells, had a modest effect on
the course of disease (Figure 3E). These findings suggest that
IL-17F and GM-CSF contribute to the pathogenicity of Th17
cells, but neither of these cytokines alone mediates all aspects
of disease induced by T cells from //77a~’~ mice. It has also
been demonstrated that Th1 cells can induce EAE by adoptive
transfer. However, neutralization of IFN-y in WT recipient mice,
following transfer of IL-1B- and IL-23-stimulated MOG-specific
Mza—'- cells, resulted in a small attenuation of clinical scores
early in disease, but had no effect from day 9 onward (Figure 3F).
This is consistent with the finding that IFN-y has a pathogenic
role early but not late in disease (Dungan et al., 2014) and
also suggests that IFN-y does not compensate for the lack
of IL-17A production in disease induced by cells from
117a~'~ mice.

Early IL-17 in EAE Produced by Vy4* v3 T Cells Is
Dependent on IL-17A

Our findings suggest that IL-17A promotes Th17 cell responses
at the induction phase of EAE. We therefore examined the
cellular source of IL-17A early after induction of EAE. IL-17A
mRNA was detectable in the LN at 3-6 h and IL-17A protein at
72 h after induction of EAE (Figures 4A and 4B). Unlike Th17 cells,
v3T17 cells can be activated during the early stages of inflamma-
tory responses by IL-18 and IL-23 in the absence of T cell recep-
tor (TCR) engagement (Sutton et al., 2009). Here, we demon-
strate that CD4" and Vy4* v3 T cells are the major IL-17-
producing cells in the LN at 6 and 72 h post induction of EAE
(Figure 4C). Expression of the early activation marker, CD69,
was significantly increased on CD4* and Vy4* y3 T cells 6 h after
the induction of EAE (Figure 4D). Furthermore, Vy4* v3 T cells
infiltrate the brains of mice with EAE before CD4* T cells; signif-
icant numbers of Vy4* v3 T cells were detected in the brains of
mice at the onset and peak of clinical signs of EAE, whereas
increased numbers of CD4* T cells were only observed at the
peak of disease (Figure 4E). Depletion of Vy4* v3 T cells during
EAE delayed and attenuated disease (Figure 4F), emphasizing
the key pathogenic function of these v3 T cells.

It has been reported that Vy4* yv3T17 cells are generated de
novo in the LNs after the induction of EAE, from where they traffic
directly to the CNS (Papotto et al., 2017). The frequency of prolif-
erating Vy4" vd T cells was significantly lower in the LN of
1117a~~ compared with WT mice 24 h after induction of EAE (Fig-
ure 4G), and by day 3 of EAE there were significantly reduced
numbers of Vy4* vd T cells in the draining LNs of //717a~/~ mice
(Figure 4H). In contrast, the numbers of CD3*, CD4*, and Vy4~
vd T cells in the LNs were similar in //77a~'~ and WT mice (Fig-
ure S4A). I117a~’~ mice had significantly reduced numbers of
TNF and GM-CSF-secreting Vy4* v3 T cells in draining LNs on
day 3 of EAE (Figure 4l and J). In contrast, we found no differ-
ences in cytokine production by Vy4~ 3 T cells (Figure S4B).
These results demonstrate a critical role for IL-17A in activating
pathogenic Vy4* v3 T cells early in EAE.

IL-17A Is Required for Early IL-18 Production in the
Development of EAE

We have demonstrated that resistance to EAE in //17a mice
was associated with a significant reduction in effector CD4*
and yd T cell responses, but also found that T cells from MOG-
immunized //717a~'~ mice can induce EAE passively following
in vitro re-stimulation with MOG, IL-18, and IL-23, which acti-
vates ydT17 cells and expands MOG-specific Th17 cells. There-
fore, it is possible that //77a~’~ mice may be defective in IL-1B
and/or IL-23 production required to activate yd T cells and to
expand Th17 cells in vivo after the induction of EAE. We found
significantly reduced expression of //1b, but not //23a, in the
draining LNs of //17a~/~ compared with WT mice 72 h after the
induction of EAE (Figure 5A). Conversely, intraperitoneal (i.p.)
administration of IL-17A induced significant expression of //1b,
but not/123a, in the inguinal LNs of WT mice within 3 h (Figure 5B).
Furthermore, expression of //7b mRNA and IL-1p protein, but not
li23a, was significantly reduced in the brains of /[17a~/~
compared with WT mice on day 10 of EAE (Figures 5C and
5D). These findings demonstrate a defect in IL-18 production
in I117a~'~ mice, suggesting that IL-17A may promote IL-1p pro-
duction during development of EAE, but do not rule out a role for
IL-23. To address this hypothesis, we administered IL-18 and IL-
23to /117a~’~ mice during the induction phase of EAE and found
that it restored their susceptibility to disease (Figure 5E). Further-
more, administration of IL-1p and IL-23 to naive mice enhanced
production of IL-17A and GM-CSF by Vy4* y3 T cells within 4 h
(Figure S5A). Administration of IL-1B alone at the induction of

/=

Figure 2. Defective Th17 Responses in ll17a~~

Mice Is Not Due to an Intrinsic Priming Defect

(A-C) WT and /i17a~’~ mice were immunized with MOG and CFA and on day 5 LN cells were analyzed by flow cytometry (n = 6). (A) Frequency of IL-17A*, GM-
CSF*, IFN-y*,and TNF* CD4* and y3 T cells. (B) Frequency of RORyt* CD4* and y3 T cells. (C) mRNA expression of Rorc, Tbx21, and ltga4 in CD4* T cells purified
by magnetic-activated cell sorting (MACS).

(D and E) Spleen and LN cells from WT and //77a~'~ mice on day 7 of EAE were stimulated for 72 h with medium or MOG peptide. (D) Frequency of Ki67+ CD4*
T cells (n = 6). (E) IL-17A, IL-17F, GM-CSF, and IFN-y concentrations in supernatants by ELISA (n = 12, combined from two experiments).

(F) IL-17A, IL-17F, GM-CSF, and IFN-y production by ELISA on KLH-stimulated LN cells from WT and //77a~’~ mice immunized in the footpad with KLH,
c-di-GMP, and LP1569 (n = 10 or 11, combined from two experiments).

(G-1) Absolute numbers of (G) CD3* CD4*, (H) CD3* TCR3* Vy4 ™, and (I) CD3* TCR&* Vy4* T cells in the LN of naive WT and //77a~’~ mice (n = 14 or 15, combined
from three experiments).

(J) Absolute numbers of CD27* and CD27~ Vy4* v T cells in the LN of naive WT, //17a~/~, and I1r1~/~ mice (n = 6).

(K) Representative flow cytometry plots of CD44, CD25, Ki67, IL-17RA, and RORyt expression on Vy4* y3 T cells from the LN of naive WT and //17a~'~ mice (n = 9)
Datain (A-J) are mean + SEM. *p < 0.05, **p < 0.01, **p < 0.001 ****p < 0.0001 by unpaired t test (A—C and I), two-way ANOVA with Tukey’s (D), or Sidak’s (E and F)
post hoc analysis, or one-way ANOVA with Dunnett’s post hoc analysis (J).

See also Figure S2.
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Figure 3. T Cells from II1 7a”"~ Mice Can Transfer EAE Following In Vitro Culture with MOG, IL-18, and IL-23

(A-C) LN and spleen cells from WT or //17a~/~ mice 10 days after immunization with MOG and CFA were stimulated for 72 h in vitro with MOG (100 png/mL), or with
MOG, IL-1B, and IL-23 (both 10 ng/mL). (A) IL-17A, IL-17F, GM-CSF, and IFN-v in supernatants by ELISA. (B) EAE scores of WT recipient mice post cell transfer
(n =11 or 12). (C) Absolute numbers of IL-17A%, IL-17F*, GM-CSF*, and IFN-y* CD4* T cells in the brains of recipient mice on day 14 post cell transfer with
representative flow cytometry plots (n = 6).

(D) EAE scores of recipient WT, I/17a~/~, or l17ra~'~ mice after adoptive transfer of LN and spleen cells from MOG-immunized //77a
with MOG, IL-23, and IL-1B (n = 5 or 6).

(E and F) EAE scores of recipient WT mice treated with isotype control antibodies or (E) anti-GM-CSF (300 ng) on days 0, 3, 6, and 9 or (F) anti-IFN-y (500 png)
on days 0 and 7 after adoptive transfer of LN and spleen cells from MOG-immunized //77a~/~ mice that were stimulated for 72 h with MOG, IL-23, and IL-1p

~/~ mice stimulated for 72 h

(n=5o0r6).

Data in (A-F) are mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001 by unpaired t test (A and C) or two-way ANOVA with Sidak’s post hoc analysis (D-F).

See also Figure S3.

EAE also restored susceptibility to disease in //77a~’~ mice (Fig-

ure 5F) and mildly exacerbated EAE in WT mice (Figure 5G).
Moreover, administration of IL-17A to /I1 7a~’~ mice at the induc-
tion of active EAE restored susceptibility to disease (Figure 5F),
which argues against a T cell development defect in /172~
mice. These findings support the data in Figure 1 that IL-17A
plays a key role in the induction rather than effector phase of
EAE and provide definitive evidence that failure to produce IL-

18 early in disease explains the resistance to EAE in
1172~ mice.

We provide further evidence of a role for IL-1p in promoting
encephalitogenic T cells by neutralization of IL-18 in active and
passive EAE models. Administration of anti-IL-1 to WT recipient
mice following adoptive transfer of MOG-specific T cells from
WT donor mice significantly attenuated the severity of passive

EAE (Figure 5H). This was associated with a significant reduction
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Figure 4. Vy4* v3 T Cells Are a Key Source of Early IL-17A in EAE

(A) II17a mRNA expression in the LNs of WT mice 3 and 6 h post induction of active EAE (n = 5).

(B) IL-17A concentration by ELISA on LN cells from naive WT mice or mice with EAE (day 3) after 24 h culture (n = 12, combined from 2 experiments).

(C) Absolute numbers of IL-17A-producing B cells, CD4*, CD8*, Vy4™* v3, and Vy4~ v3 T cells, natural killer (NK) cells and CD11b* cells in the LN 6 and 72 h after
the induction of active EAE (n = 6).

(D) Frequency of CD69* Vy4* yd and CD4" T cells in the LN of naive mice or mice 6 h post induction of EAE (n = 11 or 12, combined from two experiments).
(E) Absolute numbers of infiltrating Vy4* vd and CD4* T cells in the brains of naive mice or mice on day 8 (onset) or day 14 (peak) of EAE (n = 4).

(F) EAE scores of WT mice treated with anti-Vy4 antibody (250 ng) or an isotype control antibody on day —1 and every third day after induction of active EAE (n = 5)
(G) Frequency of Ki67* Vy4* v T cells in LNs of //77a~~ and WT mice 24 h after induction of EAE, with representative flow cytometry plots (n = 4).

(H-J) Absolute numbers of (H) CD3*TCR3*Vy4* cells and (I) IL-17A*, TNF*, GM-CSF*, and IFN-y* CD3*TCR3*Vy4™ cells in LNs of mice on day 3 of EAE with (J)
representative flow cytometry plots (n = 6).

Data in (A-l) are mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001 ****p < 0.0001 by Kruskal-Wallis test (A), Mann-Whitney U test (B), unpaired t test (D and G-I),
one-way ANOVA (E), or two-way ANOVA with Sidak’s post hoc analysis (F).

See also Figure S4.

in brain-infiltrating IL-17A, GM-CSF, and IFN-y-secreting CD4*
T cells (Figure 5I). Furthermore, treatment with anti-IL-1f only
at the induction of active EAE (days —1 and +2) significantly

delayed onset and reduced the severity of disease (Figure 5J).
Finally, we found that mice treated with anti-IL-1B at induction
of EAE have significantly reduced MOG-specific production of
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Figure 5. IL-17A Promotes Early IL-13 Production in the Development of EAE

(A=C) II1b and /1232 mRNA expression in (A) LNs 72 h post induction of EAE (n = 4), (B) LNs of WT mice 3 hr post i.p. injection of IL-17A (500 ng/mouse) (n = 6), and
(C) brains on day 10 of EAE in WT and I117a~'~ mice (n = 6) determined by gRT-PCR normalized to 18S rRNA and relative to //1 7a~'~ or PBS.

(D) IL-1B quantification by ELISA in the brains of WT and //77a /" mice on day 10 of EAE (n = 6)

(E) EAE scores of WT and /1 7a~’~ mice injected with PBS or IL-1B and IL-23 (200 ng of each) on days 0, 2, and 4 of EAE (n = 6).

(F) EAE scores of WT and //77a /" mice injected with PBS, IL-1p, or IL-17A (500 ng of each) 6 and 72 h post induction of EAE (n = 5 or 6).

(

(

(

G) EAE scores of WT mice injected with PBS or IL-1B on days 0, 2, and 4 of EAE (n = 6).

H and I) Passive EAE was induced in WT mice by transfer of T cells from MOG-immunized WT mice that were stimulated for 72 h with MOG (100 png/mL), IL-1B
1 ng/mL), and IL-23 (10 ng/mL) (n = 6). Recipient mice were treated with anti-IL-1p or isotype control antibody (200 ng/mouse) on days 0, 3, 6, 9, and 12 after cell
transfer. (H) EAE scores. (I) Absolute numbers of brain-infiltrating IL-17A*, GM-CSF™, or IFN-y* CD4" T cells on day 14 of passive EAE.

(J) EAE scores of WT mice injected i.p. with 200 pg of anti-IL-1p or isotype control antibody (200 ng/mouse) on days —1 and 2 of active EAE (n = 12, combined from

2 experiments).
Data in (A-J) are mean + SEM. *p < 0.05, **p < 0.01, **p < 0.001, ***p < 0.0001 by Mann-Whitney U test (A-D and I), or two-way ANOVA with Sidak’s post hoc

analysis (E, H, and J).
See also Figure S5.

IL-17A and GM-CSF by spleen and LN cells onday 7 of EAE (Fig- ment of EAE by activating a positive feedback loop that
ure S5B). Collectively, our findings demonstrate that IL-17A, promotes IL-1 production required to activate encephalitogenic
probably from v T cells, plays a vital role early in the develop- T cells.
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IL-17A Mobilizes but Does Not Act Directly on
Neutrophils and Inflammatory Monocytes

Our findings demonstrate that IL-17A promotes early IL-1 pro-
duction, which activates v3 T cells and Th17 cells in the induction
of EAE. We examined the cellular targets for IL-17A and the
possible source of IL-1B early in EAE. We found very high IL-
17RA expression on LyBC™ inflammatory monocytes, which was
significantly enhanced on day 3 of EAE (Figure 6A). Expression
of IL-17RA was also significantly enhanced on neutrophils and
macrophages early in EAE (Figure 6A). We found no significant dif-
ference in IL-17RA expression between //17a~'~ and WT mice on
neutrophils, DCs, monocytes, macrophages, and eosinophils (Fig-
ure S6A). However, /l17a~’~ mice had significantly reduced
numbers of neutrophils and inflammatory Ly6C™ monocytes, but
not DCs, in the spleen 72 h after the induction of EAE (Figures
6B, 6C, and S6B). These findings suggest that neutrophils and
monocytes may be a source of IL-1B early in EAE and that IL-
17A may stimulate IL-1B production. However, IL-17A did not
induce expression of //Tb mRNA in purified neutrophils or mono-
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Days post induction of EAE

15
10
5

Data are mean + SEM (A-C and E-G) or mean + SD
(D and H). *p < 0.05, *p < 0.01, ***p < 0.001, ***p <
0.0001, by unpaired t test (A—C), or two-way ANOVA
with Sidak’s post hoc analysis (F).

See also Figure S6.

= ]
o

17rc

cytes (Figure 6D). Stimulation with IL-17A
in combination with TNF did promote
expression of //Tb mRNA (Figure 6D), but
not IL-1B protein (data not shown).

To further examine the possible role of
IL-17A in activating myeloid cells during
the induction of EAE, we utilized mice
where IL-17RA was genetically ablated in myeloid cells, generated
by crossing II17ra-flox (EI Malki et al., 2013) and Lyz2-cre mice,
producing offspring, designated //7 7ra*/*Mel°id and j/1 7rg2/AMyeloid
(Gomes et al., 2016). IL-17RA was not expressed on CD11b’,
Ly6CM, or Ly6G* cells in /i1 7ra®/AMeeid mice, but was expressed
on these cells from //17ra*’*M¥el°id mice, whereas expression of
IL-17RA on CD11b~ cells was similar in //17ra**"We°d ang
111 7ra*+*Mveloid mice (Figure S6C). Il17ra®AM¥el°ld mice were sus-
ceptible to the induction of EAE (Figure 6E). In contrast, //17ra~'~
mice, in which every cell is devoid of IL-17RA, were resistant to
induction of EAE (Figure 6F). However, unlike //17a~'~ mice,
recruitment of neutrophils and Ly6C™ monocytes to the spleen
(Figure 6G) and LN (Figure S6D) after the induction of EAE was
not inhibited in mice with a myeloid-specific deletion of IL-17RA.
These findings suggest that IL-17A signaling in myeloid cells is
not essential for development of EAE, and IL-17A may act on other
cell types, such as epithelial cells, which have high expression of
IL-17RC (Figure 6H), to recruit myeloid cells that secrete IL-18 in
response to another stimulus.
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IL-17A Mobilizes IL-13-Producing Neutrophils and
Ly6C" Inflammatory Monocytes Early in EAE

We examined the hypothesis that rather than inducing IL-1§ pro-
duction directly from myeloid cells, the function of IL-17A was to
recruit IL-1B-producing myeloid cells during development of
EAE. We found significantly increased expression of /l1b
mRNA in LN 6 h after the induction of EAE (Figure 7A), and this
corresponded with infiltration of neutrophils and inflammatory
monocytes (Figure 7B). Furthermore, inflammatory monocytes
and neutrophils were the predominant sources of IL-18 in LN
6 h after induction of EAE (Figure 7C). Importantly, recruitment
of neutrophils and inflammatory monocytes to the LN 6 h after
the induction of EAE was significantly reduced in mice treated
with anti-IL-17A (Figure 7D) or in //17a~'~ mice (Figure S7A), indi-
cating that early recruitment of these inflammatory innate popu-
lations is IL-17-dependent. In contrast, treatment with anti-IL-
17A did not affect the absolute numbers of DCs in the LN of
mice 6 h after the induction of EAE (Figure S7B). In the CNS, in-
flammatory monocytes were the dominant source of IL-18 on
day 15 of EAE, with a smaller contribution from neutrophils (Fig-
ure S7C). Furthermore, numbers of neutrophils and inflammatory
monocytes (Figure S7D) and importantly IL-1B-secreting neutro-
phils (Figure S7E) and inflammatory monocytes (Figure S7F) in
the CNS during EAE was significantly reduced in //77a~'~ mice.

Expansion and recruitment of neutrophils is largely mediated
by G-CSF, CXCL1, and CXCL2, whereas CCR2* Ly6C" inflam-
matory monocytes are recruited via CCL2. We found that secre-
tion of CXCL1, CXCL2, CCL2, and G-CSF was enhanced in the
LN of mice 6 h after induction of EAE and was significantly
reduced in mice treated with anti-IL-17A (Figure 7E). Further-
more, expression of Ccl2, Cxcl1, Cxcl2, and Csf3 was signifi-
cantly lower in the brains of //177a~'~ compared with WT mice
on day 10 of EAE (Figure S7G).

Having shown that epithelial cells have high expression of
IL-17RC, the limiting factor in IL-17 signaling, we examined the
possibility that IL-17 drives chemokine production by epithelial
cells. We found increased expression of Ccl2, Cxcl1, and
Cxcl2 in peritoneum tissue (Figure 7F) and LN cells (Figure S7H)

of mice injected i.p. with IL-17A. Furthermore, mesothelial cells
from squamous epithelium of the peritoneum of naive mice
secreted CXCL1 and CXCL2 when stimulated with IL-17A, and
this was enhanced by addition of TNF (Figure 7G). These findings
uncover a key role for IL-17A in promoting production of chemo-
kines, probably from epithelial cells, which recruit IL-18-produc-
ing neutrophils and inflammatory monocytes, to activate IL-17
production from y3 T cells.

We next examined the stimulus for IL-1 production by myeloid
cells early after induction of EAE, focusing on the possible effect of
killed Mycobacterium tuberculosis (MTB), a component of CFA
used for induction of EAE. In comparison to T cells, both neutro-
phils and Ly6C" monocytes had very high expression of lI1b
and NIrp3 and expressed Casp1 mRNA under homeostatic condi-
tions (Figure 7H). Ly6C™ monocytes from resting mice also had
increased expression of Aim2 mRNA (Figure 7H). Furthermore,
neutrophils and inflammatory monocytes secreted mature IL-1
protein in response to MTB, and this was significantly reduced
by co-incubation with MCC950, a small molecule inhibitor of the
NLRP3 inflammasome (Coll et al., 2015), or ac-YVAD-cmk, an in-
hibitor of caspase-1 (Figure 71). In contrast, MTB failed to induce
production of IL-23 by neutrophils or monocytes (data not shown).
However, DCs did secrete IL-23 as well as IL-1p when stimulated
with MTB (Figure S7I).

We next demonstrated that injection of IL-17A with TNF
recruited neutrophils and inflammatory monocytes into the peri-
toneal cavity of //77a~’~ mice (Figure 7J). IL-17A alone also re-
cruited neutrophils, but this, like other activities of IL-17A by itself,
was more pronounced and consistent when given with TNF (data
not shown). Injection of IL-17A and TNF did not stimulate IL-1
protein production, but co-injection with MOG and CFA (as inin-
duction of EAE) induced significant mature IL-1B protein produc-
tion in the peritoneal cavity of //77a~'~ mice (Figure 7K). Finally,
we demonstrated that IL-17A production by IL-23-stimulated
vd T cells was significantly enhanced by co-culture with MTB-
stimulated IL-1B-producing neutrophils and monocytes (Figures
7L and S7J). These findings demonstrate that a key function of
IL-17A in the induction of EAE is to recruit neutrophils and Ly6C"

Figure 7. IL-17A Mobilizes IL-1B-Secreting Neutrophils and Inflammatory Monocytes
(A) Ib mRNA expression in the LN of WT mice 3 and 6 h post induction of EAE versus naive (n = 5 or 11, combined from two experiments).
(B) Absolute numbers of neutrophils and Ly6C" monocytes in the LN of WT mice 3 and 6 h post induction of EAE versus naive (n = 5).

(C) IL-1B-producing cells in the LN of WT mice 6 h post induction of EAE.

(D and E) WT mice were injected with PBS, anti-IL-17A or isotype control antibodies (200 pg/mouse) 12 h before the induction of EAE. (D) Absolute numbers of
neutrophils and LySChi monocytes in the LN 6 h after the induction of EAE, with representative flow cytometry plots (n = 12, combined from two experiments). (E)
CCL2, CXCL2, CXCL1 and G-CSF concentrations by ELISA on LN cell supernatants after overnight culture (n = 6, representative of two experiments).

(F) Cxcl1, Cxcl2, and Ccl2 mRNA expression in peritoneal mesothelial tissue of WT mice 3 h after i.p. injection of PBS or IL-17A (500 ng/mouse), evaluated by qRT-
PCR normalized to 18S rRNA and relative to PBS group (n = 5).

(G) CXCL1 and CXCL2 production by ELISA on mesothelial cells from the peritoneal tissue of naive C57BL/6 mice stimulated with IL-17A (500 ng/mL) and/or TNF
(10 ng/mL).

(H) I11b, Nirp3, Casp1, and Aim2 mRNA expression by flow cytometry sorted CD3* T cells, Ly6C"™ monocytes, and Ly6G* neutrophils from LN of naive C57BL/6
mice evaluated by qRT-PCR normalized to 18S rRNA and relative to CD3* T cells.

(l) IL-1p production by ELISA on neutrophils and monocytes from the bone marrow of naive C57BL/6 mice following stimulation with MTB (50 ng/mL) + MCC950
(1 uM) or YVAD (50 puM).

(Jand K) lI17a~~ mice were injected i.p. with PBS or IL-17A (500 ng) + TNF (100 ng) with or without immunization with MOG and CFA (n = 5). (J) Absolute numbers
of neutrophils and Ly60hi monocytes in PEC after 6 h. (K) IL-1B production by ELISA in supernatant of PEC after overnight culture.

(L) IL-17A production by ELISA on purified y3 T cells (LN), neutrophils, and monocytes (bone marrow) from naive C57BL/6 mice stimulated with IL-23 (10 ng/mL) +
MTB (50 pg/mL) for 18 h.

Data are mean + SEM (A, B, D-F, and J) or mean = SD (G-I, K, and L) *p < 0.05, **p < 0.01, ***p < 0.001, ***p < 0.0001 by one-way ANOVA (A, B, D, E, G, and I-K),
Mann Whitney U test (F), or unpaired t test (L).

See also Figure S7.
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inflammatory monocytes that are activated by MTB to produce
mature IL-1B, which can synergize with IL-23 to promote activa-
tion of IL-17A-producing encephalitogenic T cells.

DISCUSSION

The significant finding of this study is that early IL-17A derived
from 3 T cells is essential for recruitment of IL-1B-producing
neutrophils and Ly6C™ inflammatory monocytes that, together
with IL-23, drive encephalitogenic T cells that mediate pathology
in CNS autoimmunity. Prior to our study, the consensus view on
the pathogenic role of IL-17A in autoimmune disease was that it
promotes the production of inflammatory mediators from epithe-
lial cells, such as keratinocytes, or fibroblasts in the diseased tis-
sue (Cua and Tato, 2010; Mills, 2011). However, our findings sug-
gest that the key function of IL-17A early in EAE is to mobilize
innate immune cells that prime pathogenic T cells in the LNs.
Furthermore, once Th17 cells are induced the role of IL-17A in
the effector function of these cells becomes redundant. There-
fore, in addition to acting as an effector cytokine that mediates
the pathogenic activity of T cells in the CNS (Kang et al., 2010,
2013), our study suggests that IL-17A plays a crucial feedback
role in the recruitment of IL-1B-producing myeloid cells required
for further activation and expansion of ydT17 cells and subse-
quently Th17 cells in autoimmunity.

There is overwhelming evidence that Th17 cells and y3T17
cells play a pathogenic role in numerous autoimmune diseases,
including psoriasis, MS, and rheumatoid arthritis (Jones et al.,
2012; Mills, 2011; Miossec and Kolls, 2012). Although IL-17A is
an important drug target in many human autoimmune diseases,
and anti-IL-17 is highly effective in treating psoriasis, it is still not
clear whether IL-17A mediates all the pathogenic activity of Th17
cells and y3dT17 cells. Indeed, studies in the EAE model have
generated conflicting data, with some suggesting that //17a~/~
mice have reduced disease (Komiyama et al., 2006; Yang
et al., 2008) and another showing that overexpression of IL-
17A in CD4* and CD8* T cells does not enhance disease
(Haak et al., 2009). Our study provides unequivocal evidence
that IL-17A is pathogenic in EAE. We demonstrate that IL-17-
defective mice are highly resistant to EAE, but these mice also
had reduced GM-CSF and IFN-y production. Treatment of
mice with anti-IL-17A also significantly attenuated EAE, but
was only effective when administered at induction of disease,
where it suppressed the generation of polyfunctional Th17 cells.
Anti-IL-17A had little effect on the clinical course of disease when
administered at the onset of clinical signs of EAE. Administration
of IL-17A rescued the susceptibility of //77a~/~ mice to induction
of EAE, which argues against a development defect in these
mice. Furthermore, we found no evidence of a general CD4*
T cell priming defect in //77a~’~ mice. However, we did see an
intrinsic defect in CD27~ Vy4* vdT17 cells in /i17a~’~ mice.
The frequency of CD27~ Vy4* v3 T cells was also reduced in
lir1~’~ mice, suggesting that the defective priming of IL-17-
secreting CD27~ Vy4* v3 T cells may be mediated through IL-1.

Transfer of T cells from MOG-immunized /I17a~’~ mice,
following culture with MOG, IL-18, and IL-23 to specifically expand
Th17 cells, induced EAE similar to that seen following transfer of
T cells from WT mice. Autoantigen-specific Th1 cells are capable
of inducing EAE, albeit with a different syndrome to Th17 cells

(O’Connor et al., 2008). Furthermore, Th17 cells can acquire
T-bet and the ability to produce IFN-vy, especially under the influ-
ence of IL-12 (Annunziato et al., 2007). GM-CSF, produced by
Th1 and Th17 cells, was also shown to be a key pathogenic cyto-
kinein EAE (Codarri etal., 2011; El-Behi et al., 2011). However, we
found that neutralization of GM-CSF or IFN-y in mice that were the
recipients of T cells from MOG-immunized //77a~'~ mice only
modestly reduced disease severity. Furthermore, T cells from
1117a~'~ mice induced disease in mice lacking IL-17RA, which is
also the receptor for IL-17F. It has been reported that IL-17F
acts as a paracrine regulator of IL-17A production; IL-17F binding
to IL-17RA suppresses IL-17A from T cells (Nagata et al., 2008).
Furthermore, deletion of IL-17RA specifically in gut epithelium
leads to enhanced Th17 responses during EAE (Kumar et al.,
2016). Our findings suggest that Th17 cells do not need to secrete
IL-17Ato be pathogenic in EAE and this may not be explained sim-
ply by redundancy with Th1 or other Th17 cell-derived cytokines. It
has been reported that while encephalitogenic T cells express IL-
17A and IL-17F, these cytokines only marginally contribute to the
development of autoimmune CNS disease; overexpression of IL-
17Ain CD4" and CD8* T cells did not enhance disease and treat-
ment of /17 '~ mice with anti-IL-17A from day 4 of EAE did not
impact on the course of disease (Haak et al., 2009). We found
that treatment of WT mice with anti-IL-17A at induction, but not
at the effector stage of disease, inhibited development of EAE.
Our study suggests a major function of IL-17A is to mobilize IL-
1B-producing neutrophils and inflammatory monocytes early in
EAE, which are essential for the activation of encephalitogenic
vd T cells and Th17 cells. Activation of T cells from MOG-immu-
nized /l17a~’~ mice in vitro with MOG, IL-1 B, and IL-23 can over-
come the requirement for IL-17A. Furthermore, treatment of
I1172~"~ mice with IL-1 B and IL-23 or IL-1B alone at induction of
EAE conferred disease susceptibility.

We have previously reported that //7r1~/~ mice are highly resis-
tant to EAE (Sutton et al., 2006). IL-1p synergizes with IL-23 to pro-
mote activation of IL-17A, IL-17F, GM-CSF, and IL-21 production
by v3 T cells and memory Th17 cells (Lalor et al., 2011; Lukens
et al., 2012; Sutton et al., 2009). The present study shows that
CD4" and 3 T cell responses are significantly attenuated in
I117a~'~ mice, and these mice have substantially reduced IL-1B
production in the LN during the induction phase of EAE. Further-
more, treatment of //1 7a~’~ mice with IL-1 B or IL-17A at the time
of EAE induction restored their susceptibility to disease. Impor-
tantly, neutralization of IL-1B early in EAE or in recipient mice
that received IL-17-secreting encephalitogenic T cells significantly
attenuated EAE, suggesting that IL-1p is required early in EAE for
the induction of y3T17 cells and for expansion of Th17 cells. This is
consistent with the demonstration that IL-1p in the absence of IL-
23 can promote expansion of Th17 cells (Chung et al., 2009).
Collectively, these findings demonstrate that IL-17A functions
early in the course of EAE to recruit innate immune cells that
secrete inflammatory cytokines, especially IL-1B, that activate
v3 T cells and eventually Th17 cells.

A key function of early IL-1B production in EAE is to promote
activation of ydT17 cells and to amplify Th17 cells (Sutton
et al., 2009). In the present study, we found that Vy4* v3
T cells are a major source of IL-17A early in EAE, and these cells
infiltrate the CNS of mice before encephalitogenic CD4" T cells.
Furthermore, depletion of Vy4® 3 T cells substantially
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suppressed induction of Th17 cells and development of EAE.
Proliferation and secretion of TNF and GM-CSF by Vy4* y3
T cells was significantly reduced in //7 7a~’~ mice after induction
of EAE. These findings demonstrate that a major function of IL-
17A is to mobilize innate immune cells that produce IL-18, which
together with IL-23 promotes the activation of y3T17 cells.

We identified Ly6C" inflammatory monocytes and neutrophils
as important IL-17A-recruited populations following the induc-
tion of EAE. We found that LyBC™ monocytes and neutrophils
are key sources of IL-1B in the LN and CNS of mice during
EAE and this is consistent with previous studies (Lévesque
et al., 2016; Ronchi et al., 2016). We found that recruitment of
neutrophils and Ly6C™ monocytes to the LN of //17a~'~ mice
or mice treated with anti-IL-17A was significantly reduced at
6 h post induction of EAE and this was associated with reduced
induction of CXCL1, CXCL2, and CCL2. Reduced recruitment of
these inflammatory populations was also observed in the spleen
3 days post induction of EAE and in the CNS on day 15 of EAE.
IL-17A has previously been shown to regulate neutrophil expan-
sion via systemic induction of G-CSF (Mei et al., 2012), and the
importance of neutrophils in EAE is highlighted by studies where
depletion of neutrophils delays and attenuates disease (Aubé
et al., 2014; Steinbach et al., 2013). Infiltration of Ly6C" inflam-
matory monocytes into the CNS is critical in the pathogenesis
of EAE (King et al., 2009; Mildner et al., 2009), and production
of IL-17A by 3 T cells selectively mobilizes a population of small
peritoneal macrophages in a model of ovarian cancer (Rei et al.,
2014). We found that i.p. administration of IL-17 to naive mice
drove expression of CXCL1, CXCL2, and CCL2 not only in the
peritoneal mesothelium, but also in the inguinal LNs, where
increased expression of pro-IL-1B was also observed. In the
context of EAE, we have demonstrated that IL-17A does not
act directly on myeloid cells, but rather induces epithelial-
derived chemokines that recruit neutrophils and inflammatory
monocytes that produce IL-1f in response to MTB, the immu-
nostimulatory component of CFA used to induce EAE.

Therapeutic targeting of the IL-23-IL-17A immune axis has
become a major focus for the development of drugs for the treat-
ment of autoimmune diseases. Antibodies that target IL-12p40,
IL-23, IL-17RA, or IL-17A have shown remarkable success in
the treatment of psoriasis (Campa et al., 2016), surpassing the
efficacy of TNF inhibitors (Griffiths et al., 2010). The outcomes
have been less clear cut in other autoimmune diseases, such
as Crohn’s disease, where anti-IL-12p40 showed some success
(Feagan et al., 2016), but anti-IL-17A enhanced disease (Hueber
et al., 2012). In contrast, anti-IL-12p40 was ineffective in the
treatment of RR MS (Segal et al., 2008), but promising results
have emerged from an early clinical trial with anti-IL-17A (Havr-
dova et al., 2016). Consistent with this, we show here that
I117a~'~ mice are resistant to the induction of EAE, and treatment
with anti-IL-17A attenuated disease. However, anti-IL-17A was
most effective when given at induction of disease. These findings
suggest that blocking IL-17A may be more effective in autoim-
mune diseases with a relapsing-remitting rather than progres-
sive clinical course. It has also been argued that therapeutic an-
tibodies that target inflammatory mediators at the site of
inflammation may not be effective because of difficulty in pene-
trating epithelial surfaces or the blood-brain barrier in MS. Our
findings suggest that anti-IL-17A may not need to get into in-
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flamed tissue to exert its anti-inflammatory effect. Anti-IL-17A
may at least in part function by inhibiting the feedback effect of
IL-17A on innate immune responses that drive the activation of
pathogenic yd T cells and Th17 cells in the periphery, thereby
breaking the cycle of inflammation that mediates disease flares
in autoimmune disorders, such as psoriasis and RR MS.
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STARXMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Anti-mouse B220 - AF700 eBioscience Clone: RA3-6B2; Cat#: 56-0452-82; RRID:
AB89145

Anti-mouse B220 - BV605 BioLegend Clone: RA3-6B2; Cat#:103243; RRID:
AB_11203907

Anti-mouse CCR2 - PE BioLegend Clone: SA203G11; Cat#:150609; RRID:
AB_2616981

Anti-mouse CCR2 - PECy7 BioLegend Clone: SA203G11; Cat#:150611; RRID:

Anti-mouse CD11a - PECy7

Anti-mouse CD11b — APCeFluor 780

Anti-mouse CD11c - BV605

Anti-mouse CD11c - BV785

Anti-mouse CD25 - PE

Anti-mouse CD25 - PECy7

Anti-mouse CD27 — PECy7

Anti-mouse CD3 - AF700

Anti-mouse CD3 - BV650

Anti-mouse CD3e - APC

Anti-mouse CD3¢ — APC-eFluor 780

Anti-mouse CD3e — eFluor-450

Anti-mouse CD3e — PerCPCy5.5

Anti-mouse CD4 - BV421

Anti-mouse CD4 - BV785

Anti-mouse CD4 - PE-Dazzle

Anti-mouse CD44 - BV605

Anti-mouse CD45 - BV711

Anti-mouse CD45 - BV785

Anti-mouse CD49d — PerCPeFluor 710

BD PharMingen

eBioscience

BioLegend

BioLegend

eBioscience

eBioscience

eBioscience

eBioscience

BioLegend

eBioscience

eBioscience

eBioscience

eBioscience

BioLegend

BioLegend

BioLegend

BioLegend

BioLegend

BioLegend

eBioscience

AB_2616983

Clone: 2D7; Cat#:558191; RRID:
AB_397055

Clone: M1/70; Cat#:47-0112-82; RRID:
AB_1603193

Clone: N418; Cat#:117333; RRID:
AB_11204262

Clone: N418; Cat#:117336; RRID:
AB_2565268

Clone: PC61.5; Cat#:12-0251-82; RRID:
AB_4656607

Clone: PC61.5; Cat#:25-0251-82; RRID:
AB_469608

Clone: LG.7F9; Cat#:25-0271-82; RRID:
AB_1724035

Clone: 17A2; Cat#:56-0032-81; RRID:
AB_529507

Clone: 17A2; Cat#:100229; RRID:
AB_11204249

Clone: 145-2C11; Cat#:17-0031-82;
RRID: AB_469315

Clone: 145-2C11; Cat#:47-0031-82;
RRID: AB11149861

Clone: 145-2C11; Cat#:48-0031-82; RRID:
AB_10735092

Clone: 145-2C11; Cat#:45-0031-82; RRID:
1107000

Clone: GK1.5; Cat#:100437; RRID:
AB_10900241

Clone: RM4-5; Cat#:100552; RRID:
AB_2563053

Clone: RM4-5; Cat#:100566; RRID:
AB_2563684

Clone: IM7; Cat#:103047; RRID:
AB_2562451

Clone: 30-F11; Cat#:103147; RRID:
AB_2564383

Clone: 30-F11; Cat#:103149; RRID:
AB_2564590

Clone: R1-2; Cat#:46-0492-82; RRID:
AB_11150051

(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Anti-mouse CD69 - FITC BioLegend Clone: H1.2F3; Cat#:104506; RRID:
AB_313109

Anti-mouse CD8 — PECy7 eBioscience Clone: 56-6.7; Cat#:25-0081-82; RRID:
AB_469584

Anti-mouse F4/80 — PerCPCy5.5 BioLegend Clone: BM8; Cat#:123128; RRID:
AB_893484

Anti-mouse GM-CSF - PE eBioscience Clone: MP1-22E9; Cat#:12-7331-82;
RRID: AB_466205

Anti-mouse IFN-y — BV711 BioLegend Clone: XMG1.2; Cat#:505835; RRID:
AB_11219588

Anti-mouse IFN-y — PECF594 BD Horizon Clone: XMG1.2; Cat#:562333; RRID:
AB_11154588

Anti-mouse IFN-y — PECy7 eBioscience Clone: XMG1.2; Cat#:25-7311-82; RRID:
AB_469680

Anti-mouse IL-17A - APC eBioscience Clone: eBio17B7; Cat#:17-7177-81; RRID:
AB_763580

Anti-mouse IL-17A — PerCPCy5.5 eBioscience Clone: eBio17B7; Cat#:45-7177-82; RRID:
AB_925753

Anti-mouse IL-17F — A488 eBioscience Clone: eBio18F10; Cat#:53-7471-82; RRID:
AB_1210529

Anti-mouse IL-17RA - PE eBioscience Clone: PAJ-17R; Cat#:12-7182-80;

Anti-mouse IL-1R1 - PE

Anti-mouse IL-23R - APC

Anti-mouse Ki67 — APC-eFluor-780

Anti-mouse Ki67 — e450

Anti-mouse Ki67 — eFluor 660

Anti-mouse Ly6C - FITC

Anti-mouse Ly6G — BV650

Anti-mouse Ly6G — Pacific Blue

Anti-mouse MHCII - APC

Anti-mouse NK1.1 — PerCPCy5.5

Anti-mouse pro-IL-13 - PECy7

Anti-mouse RORyt — BV650

Anti-mouse Siglec F - PECF594

Anti-mouse TCR3 - APC

Anti-mouse TCR3 - BV605

Anti-mouse TCR3 - PE

BD PharMingen

BioLegend

eBioscience

eBioscience

eBioscience

BD PharMingen

BioLegend

BiolLegend

eBioscience

eBioscience

eBioscience

BD Horizon

BD Horizon

eBioscience

BioLegend

BD PharMingen
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RRID: AB_1582266

Clone: 35F5; Cat#:557489; RRID:
AB_396727

Clone: 12B2B64; Cat#:150905; RRID:
AB_2687345

Clone: SolA15; Cat#: 47-5698-80; RRID:
AB_2688065

Clone: SolA15; Cat#: 48-5698-80; RRID:
AB_11149124

Clone: SolA15; Cat#: 50-5698-82;
RRID: AB_2574235

Clone: AL-21; Cat#: 553104; RRID:
AB_394628

Clone: 1A8; Cat#: 127641; RRID:
AB_2565881

Clone: 1A8; Cat#: 127612; RRID:
AB_2251161

Clone: M5/114.15.2; Cat#: 17-5321-82;
RRID: AB_469455

Clone: PK136; Cat#: 45-5941-82;
RRID: AB_914361

Clone: NJTEN3; Cat#: 25-7114-80;
RRID: AB_2573526

Clone: Q31-378; Cat#: 564722;
RRID: AB_2738915

Clone: E50-2440; Cat#: 562757;
RRID: AB_2687994

Clone: GL3; Cat#: 17-5711-82;

RRID: AB_842756

Clone: GL3; Cat#: 118129; RRID:
AB_2563356

Clone: GL3; Cat#: 553178; RRID:
AB_394689

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER

Anti-mouse TCRb — PerCPeFluor 710 eBioscience Clone: GL3; Cat#: 45-5711-82; RRID:
AB_2016707

Anti-mouse TNF - APC eBioscience Clone: MAb11; Cat#: 17-7349-41; RRID:
AB_1548821

Anti-mouse Vy4 - FITC BioLegend Clone: UC3-10A6; Cat#: 137704; RRID:
AB_10569353

Anti-mouse Vy4 - PE BioLegend Clone: UC3-10A6; Cat#: 137706; RRID:
AB_10643577

Anti-mouse Vy4 — PECy7 eBioscience Clone: UC3-10A6; Cat#: 25-5828-82;
RRID: AB_2573474

InvivomADb anti-mouse IL-17A BioXCell Cat# BEO173; RRID: AB_10950102;
Clone: 17F3

InvivomAb anti-mouse Vy2 TCR BioXCell Cat#: BEO168; RRID: AB_10950109; Clone:
UC3-10A6

InvivomAb anti-mouse/rat IL-1B BioXCell Cat#: BEO246; RRID: AB_2687727;
Clone: B122

InvivomAb Anti-mouse GM-CSF John A Hamilton Clone: 22E9

InvivomAb Anti-mouse IFN-y Louis Boon Clone: XMG1.2

Bacterial and Virus Strains

Heat-killed Mycobacterium tuberculosis Invivogen Cat#: tlrl-hkmt

Pertussis toxin Kaketsucken N/A

LP1569 EMC Microcollections; Allen et al., 2018 N/A

Chemicals, Peptides, and Recombinant Proteins

Myelin oligodendrocyte glycoprotein
(MOG)ss.55

Recombinant mouse IL-18
Recombinant mouse IL-23
Recombinant mouse IL-17A
Recombinant mouse TNF
MCC950

Ac-YVAD-cmk

PMA

lonomycin

Brefeldin A

Keyhole limpet haemocyanin (KLH)
c-di-GMP

Complete Freund’s adjuvant

Genscript

ImmunoTools
Miltenyi Biotec
ImmunoTools
ImmunoTools
Invivogen
Invivogen
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Calbiochem
Invivogen
Chondrex

Cat#: RP10245

Cat#: 12340015
Cat#: 130-096-677
Cat#: 12340174
Cati#: 12343014
Cat#: inh.mcc
Cat#: inh.yvad
Cat#: P1585
Cat#: 10643
Cati#: B7651
Cat#: 374817
Cat#: tlrl.nacdg
Catit: 7023

Critical Commercial Assays

High capacity cDNA reverse
transcription kit

LIVE/DEAD™ Fixabe Aqua dead cell
stain kit

CountBright™ Absolute Counting Beads

Foxp3 Transcription Factor staining
buffer set

Neutrophil isolation kit, mouse
Monocyte isolation kit, mouse
TCRyd* T cell isolation kit, mouse

MagniSort™ Mouse CD4 T cell
enrichment kit

Mouse IL-17A Duoset ELISA

Applied Biosystems, Biosciences

Life Technologies

Life Technologies
eBioscience

Miltenyi Biotec
Miltenyi Biotec
Miltenyi Biotec
Invitrogen by Thermo Fisher Scientific

R &D

Cati: 4368814

Cati: L34957

Cat#: C36950
Cati#: 00-5523-00

Cat#: 130-097-658
Cat#: 130-100-629
Cat#: 130-092-125
Catit: 8804-6821

Cati: DY421
(Continued on next page)
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Continued

REAGENT or RESOURCE SOURCE IDENTIFIER
Mouse IL-17F Duoset ELISA R &D Cat#: DY2057
Mouse GM-CSF Duoset ELSIA R&D Cat#: DY415
Mouse IL-1p/IL-1F2 Duoset ELISA R&D Cat#: DY401
Mouse IL-23 Duoset ELISA R&D Cat#: DY1887
Mouse CXCL1/KC Duoset ELISA R&D Cat#: DY453
Mouse CXCL2/MIP-2 Duoset ELISA R&D Cat#: DY452
Mouse CCL2/JE/MCP-1 Duoset ELSIA R&D Cat#: DY479
Mouse G-CSF Duoset ELISA R &D Cat#: DY414
Mouse IFN-y ELISA BD PharMingen Cat#: 551216 (capture antibody) Cat#:

554410 (detection antibody)

Experimental Models: Organisms/Strains

Mouse; C57BL/6 Comparative Medicine Unit, N/A
Trinity College Dublin.

Mouse; /l17a~/~ (on C57BL/6 background) Comparative Medicine Unit, N/A
Trinity College Dublin.

Mouse; /I17ra~'~ (on C57BL/6 background) Comparative Medicine Unit, N/A
Trinity College Dublin.

Mouse; /1 7ra*/*Myeloid Nabil Djouder, CNIO, Madrid; N/A
Gomes et al., 2016

Mouse; [I17rg/AMyeloid Nabil Djouder, CNIO, Madrid; N/A

Gomes et al., 2016

Oligonucleotides

11232 (Mm00518984_m1)
111b (MmO00434228 m1)
11172 (Mm00439618_m1)
1117rc (Mm00506606_m1)
Cxcl1 (Mm04207460_m1)
Ccl2 (Mm00441242_m1)
Cxcl2 (Mm00436450_m1)
Csf3 (Mm00438334_m1)
Nirp3 (Mm00840904_m1)
Casp1 (Mm00438023_m1)
Aim2 (Mm01295719_m1)
Rorc (Mm01261022_m1)
Tbx21 (Mm00450960_m1)
Itga4 (Mm00439770_m1)
Euk 18S rRNA

Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems

Cati#: 4331182
Cati#: 4331182
Cat#: 4331182
Cati#: 4331182
Cat#: 4331182
Cat#: 4331182
Cati#: 4331182
Cat#: 4331182
Cati#: 4331182
Cat#: 4331182
Cat#: 4331182
Cati#: 4331182
Cat#: 4331182
Cati#: 4331182
Cati#: 4319413E

Software and Algorithms

Prism 7 GraphPad Software https://www.graphpad.com/scientific-
software/prism/
FlowJo 10 Becton Dickinson https://www.flowjo.com/solutions/flowjo

LEAD CONTACT AND MATERIALS AVAILABILITY

Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Kingston
Mills (kingston.mills@tcd.ie).

EXPERIMENTAL MODEL AND SUBJECT DETAILS
Mice
C57BL/6, l117a~’~ and lI17ra~'~ on a C57BL/6 background were bred in house from established colonies. Deletion of IL-17RA in

myeloid lineage was obtained by crossing //717ra-flox mouse with Lyz2-Cre line and was confirmed by genotyping and flow cytometry
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as previously described (Gomes et al., 2016). All mice were maintained according to European Union regulations, and experiments
were performed under license (AE19136/P042) from the Irish Health Products Regulation Authority with approval from the Trinity
College Dublin BioResources Ethics Committee or the CNIO-ISCIIl Ethics Committee and from Community of Madrid (CAM). All
mice were housed under specific pathogen-free conditions. All mice within experiments were age and sex matched.

Induction and assessment of EAE

Active EAE was induced by s.c immunization of mice with 100 png MOG3s.55 peptide (GenScript) and CFA containing 4 mg/ml
(0.4 mg/mouse) of heat killed M. Tuberculosis (Chondrex). Mice were injected i.p. with pertussis toxin (PT) (250 ng/mouse) on
days 0 and 2 of active EAE. Passive EAE was induced by adoptive transfer of MOG-specific T cells from LN and spleen of donor
C57BL/6 or /117a~’~ mice immunized with MOG and CFA as previously described (Dungan et al., 2014). Cells were stimulated
in vitro for 3 days with MOG (100 pg/ml) or MOG, IL-1B (1-10 ng/ml) and IL-23 (10 ng/ml) and 15 x 10° viable cells were injected
i.p. into recipient mice. Cell supernatants were analyzed by ELISA for the presence of IL-17A, IL-17F, GM-CSF (R&D Systems)
and IFN-y (BD Biosystems). Disease severity was assessed by clinical scores as follows: no clinical signs, O; limp tail, 1; ataxic
gait, 2; hind limb weakness, 3; hind limb paralysis, 4; tetra paralysis/moribund, 5.

In certain experiments mice were injected i.p. with anti-IL-17A (200 pg/mouse; BioXCell; clone 17F3), anti-Vy4 (250 pg/mouse;
BioXCell; clone UC3-10A6), anti-GM-CSF (300 pg/mouse; clone 22E9), anti-IFN-y (500 ng/mouse; clone XMG1.2), anti-IL-18
(200 pg/mouse; BioXCell; clone B122) or appropriate isotype controls prior to and after induction of active or passive EAE as indi-
cated in figure legends. The concentrations of antibodies used were based on manufacturer’s instructions or previous studies by
us and others (Codarri et al., 2011). In other experiments mice were injected with recombinant IL-18 (500 ng/mouse; ImmunoTools),
IL-1B and IL-23 (200 ng/mouse; Miltenyi Biotec) or IL-17A (500 ng/mouse; ImmunoTools) during the induction phase of disease.

Spleen and LN cells (inguinal, brachial and axillary LN) were isolated on day 5 or 7 of EAE and examined by flow cytometry analysis
or stimulated ex vivo with medium or MOGg35.55 antigen (25 - 50 ng/ml) for 3 days. Supernatants were removed and the concentrations
of IL-17A, GM-CSF and IFN-y were determined by ELISA.

METHOD DETAILS

Isolation of mononuclear cells from the CNS

Mice were sacrificed and perfused with 20 mL of PBS before removal of the brain and spinal cord. Organs were lysed in cRPMI using
a tissue lyser (QIAGEN). Tissue homogenates were resuspended in 5 mL 40% isotonic Percoll and layered over 5 mL 70% isotonic
Percoll before centrifugation at 1300 x g for 20 minutes. Mononuclear cells were removed from the interface of the Percoll gradients,
passed through a 70 um filter and washed in cRPMI. Alternatively, the concentration of IL-1f in brain homogenate was quantified by
ELISA, or whole brain homogenate was resuspended in TRIzol for RNA extraction.

Examination of naive and primed T cells in II1 7a”’~ mice
C57BL/6 WT or lI17a~'~ mice were immunized in the footpad with KLH (5 pg; Calbiochem), c-di-GMP (10pg; Invivogen) and LP1569
(50 ng; EMC microcollections). After 7 days popliteal LN cells were re-stimulated ex vivo with medium or KLH (2 - 50 pg/ml) for 3 days.
Supernatants were removed and the concentrations of IL-17A, IL-17F, GM-CSF and IFN-y were determined by ELISA.

Flow Cytometry

Mononuclear cells isolated from the spleen, LNs (inguinal, brachial and axillary) and CNS were incubated with live/dead stain (LIVE/
DEAD Fixable Aqua Dead Cell Stain Kit; Life Technologies; 1:600) and Fcy block (BD; 1:50). Cells were then washed and surface
stained with antibodies specific for CD3e (clone: 145-2C11), CD4 (RM4-5), CD8 (53-6.7), TCRd (GL3), TCR-Vy4 (UC3-10A6),
B220 (RA3-6B2), CD11b (M1/70), CD11c (N418), Ly6G (1A8, 1:600), F4/80 (BM8), Ly6C (AL-21), CCR2 (SA203G11), MHCII
(M5/11.4.15.2; 1:500), Siglec F (E50-2440), IL-17RA (PAJ-17R) CD44 (IM7), CD25 (PC61.5), CD11a (27D), CD49d (R1-2), CD69
(H1.2F3), IL-23R (12B2B64), IL-1R1 (35F5), NK1.1 (PK136) or CD45 (30-F11). For Intracellular cytokine staining (ICS) cells were stim-
ulated for 5 hr with PMA (10 ng/ml; Sigma), ionomycin (1 ug/ml; Sigma) and brefeldin A (5 ug/ml; Sigma) (IL-17A, IL-17F, GM-CSF,
IFN-v, TNF production) or for 3 hr with monensin (BD GolgiStop; IL-1B production). For intracellular and intranuclear staining, cells
were fixed and permeabilized using the Foxp3/Transcription Factor Staining Buffer Kit (eBioscience) according to the manufacturer’s
protocol. Cells were stained intracellularly with antibodies specific for IL-17A (17B7), IL-17F (18F10), GM-CSF (MP1-22E9), IFN-vy
(XMG1.2), TNF (MP6-XT22) or pro-IL-1B (NJTENS). Cells were stained intranuclearly with antibodies specific for Ki67 (SolA15) and
RORyt (Q31-378; 1:100). All antibodies were used at a 1 in 200 dilution, unless otherwise stated. Cells were analyzed using an
LSRFortessa flow cytometer (BD) and the data was analyzed with FloJo software. Analysis of the stained populations was performed
by gating on single, live cells.

Quantitative reverse transcription-PCR

RNA was extracted from LN cells, brain homogenate, peritoneum tissue, flow cytometry sorted CD3* T cells, CD3'CD11b*
Ly6G Ly6C" monocytes and CD3"CD11b*Ly6C™Ly6G* neutrophils from LN or bone marrow-derived monocytes or neutrophils iso-
lated using monocyte or neutrophil isolation kits (Miltenyi Biotec). Extraction was performed using the chloroform/isopropanol
method and was reverse transcribed into cDNA using a High Capacity cDNA Reverse Transcription Kit (Applied Biosystems).
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gRT-PCR was performed using commercially available Rorc (Mm01261022), Tbx21 (Mm00450960), /tga4 (Mm00439770) /l1b
(Mm00434228), 1l23a (Mm01160011), //17a (Mm00439618), /I17rc (MmO00506606), Cxcl/1T (Mm04207460), Cxcl2 (Mm00436450),
Ccl2 (Mm00441242), Nirp3 (Mm00840904), Casp1 (Mm00438023), and Aim2 (Mm01285719) primers (ABI). gRT-PCR was performed
on a PRISM7500 Sequence Detection System (ABI). The amount of each gene was determined by normalization to 18 S rRNA
(MmO04277571, ABI) internal control.

Chemokine production by epithelial cells and LN cells

Peritoneal mesothelial cells were isolated from naive C57BL/6 mice as previously described (Bot et al., 2003). Mice were euthanised
and peritoneal exudate cells (PEC) were removed by peritoneal lavage with PBS. 10 mL of Trypsin (0.25%) - EDTA 4Na (0.02%)
solution (Sigma) was injected into the peritoneum. After 10 min, the trypsin solution was collected and the peritoneal cavities
were injected with 10 mL of cRPMI and collected into the same tube to neutralize the trypsin. After 7 days of culture cells were stim-
ulated with IL-17A (500 ng/ml) + TNF (10 ng/ml) for 18 hr, after which the concentrations of CXCL1 and CXCL2 in the supernatants
were determined by ELISA. Mesothelial tissue was also isolated from the peritoneum by touch biopsy to examine expression of I/717rc
in naive C57BL/6 mice, or expression of Cxcl1, Cxcl2 and Ccl2 3 hr after i.p. injection with PBS or IL-17A (500 ng). Expression of
mRNA in peritoneum tissue was quantified by gRT-PCR. In other experiments LN cells from naive and EAE mice (6 hr post induction)
treated with anti-IL-17 or isotype control antibodies (200 pg/mouse) were cultured overnight and the concentrations of CXCL1,
CXCL2, CCL2 and G-CSF in the supernatants were determined by ELISA.

Inflammasome activation and IL-18 production by neutrophils and monocytes

CD3* T cells, CD11b* Ly6G™* neutrophils and CD11b* Ly6G™ Ly6C™ monocytes were flow cytometry sorted from the LN of naive
C57BL/6 mice. Expression of I/1b, Nirp3, Casp1 and Aim2 mRNA was determined by gRT-PCR. Alternatively, neutrophils and mono-
cytes were isolated from the bone marrow of naive mice using neutrophil and monocyte isolation kits (Miltenyi). Cells were stimulated
with IL-17A + TNF (both 10 ng/ml) or MTB (50 png/ml) + MCC950 (1 uM) or Ac-YVAD-cmk (50 uM). Mature IL-18 protein in the super-
natants was quantified by ELISA after 18 hr culture.

IL-17A in the mobilization IL-13-producing neutrophils and inflammatory monocytes

I117a~'~ mice were injected with PBS or IL-17A (500 ng) and TNF (100 ng), with or without immunization with MOG and CFA (as for
induction of active EAE). Mice were sacrificed after 6 hr and peritoneal exudate cells (PEC) were isolated. Absolute numbers of neu-
trophils and Ly6C" monocytes were quantified in the PEC by flow cytometry. PEC from each group were cultured overnight and the
concentration of IL-1p in supernatants determined by ELISA.

Co-culture of yd T cells with MTB-stimulated neutrophils and monocytes

v3 T cells were isolated from the LN and neutrophils and monocytes were isolated from the bone marrow of naive C57BL/6 mice using
TCRY3, neutrophil and monocyte isolation kits (Miltenyi) according to manufacturer’s instructions. Cells were co-cultured in the pres-
ence of IL-23 (10 ng/ml) + MTB (50 pg/ml) for 18 hours after which the concentrations of IL-1 and IL-17A in the supernatants were
determined by ELISA.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistics

All data was analyzed using Prism 7 (GraphPad Software). Unpaired t tests, Mann-Whitney U tests, one-way and two-way ANOVA
and Kruskal-Wallis tests were performed on datasets. Error bars represent standard error of the mean (SEM) or standard deviation
(SD). All dots on plots represent biological replicates. Details provided in figure legends.

DATA AND CODE AVAILABILITY

There is no relevant data or code availability.

ADDITIONAL RESOURCES

There are no additional resources.
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