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STAT3 but not STAT4 is critical for yoT17 cell
responses and skin inflammation

Rasmus Agerholm, John Rizk, Monica Torrellas Vifials & Vasileios Bekiaris

Abstract

The transcription factors STAT3 and STAT4 are essential for
lymphocyte differentiation and function. Interleukin (IL)-17
producing v T (y8T17) cells are innate lymphocytes important for
anti-bacterial and inflammatory responses at barrier surfaces.
Herein, we examine the role of STAT3 and STAT4 in regulating the
homeostasis, activation, and pathogenicity of y6T17 cells. We show
that STAT3 sustains y86T17 numbers in the skin but not in the lymph
nodes, while STAT4 deficiency does not affect their homeostasis.
Similarly, STAT3 but not STAT4 is essential for IL-23-induced IL-22
production by y8T17 cells. Concomitantly, mice lacking STAT3
expression in y8T17 cells develop significantly reduced psoriasis-
like inflammation. STAT3-deficient y8T17 cells fail to expand and to
upregulate IL-17A, IL-17F, and IL-22 in response to psoriatic stimuli.
Although STAT4-deficient animals develop psoriasis-like disease,
v6T17 cells in these mice are defective in IL-17F production. Collec-
tively, our data demonstrate for the first time a critical role for
STAT3 in orchestrating the homeostasis and pathogenicity of y6T17
cells and provide evidence for the requirement of STAT4 for optimal
cytokine responses during inflammation.
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Introduction

STAT transcription factors are evolutionary conserved signal-
transducing molecules, which in the mammalian immune system
regulate many cytokine receptors and are critical in orchestrating
lymphocyte activation during infection, inflammation, and cancer
[1-3]. STAT3 is downstream of the interleukin (IL)-6, IL-21, and
IL-23 receptors, all of which are important for the generation
and maintenance of T-helper (y)-17 cells [4-6]. STAT3 is a key
initiator of the T,17 differentiation program by inducing the
expression of the lineage specifying transcription factor RORyt
[7] as well as most other transcriptional regulators associated
with T,17 cells [8]. Therefore, failure to activate or express

STAT3 results in the loss of T,17 cells, which correlates with
resistance to inflammation [6,8-10]. Furthermore, IL-23 receptor
signaling is important for the generation of pathogenic T,17 cells
[11], and this is most likely driven through a combination of
STAT3- and STAT4-mediated signaling [12]. STAT4 is, however,
primarily associated with IL-12 signaling [3], as it represents the
STAT protein mostly associated with activated IL-12 receptor
[13]. STAT4 is critical for lineage specification of Tl cells by
regulating major enhancer elements in differentiating CD4 T cells
[14], while it synergizes with the transcription factor Tbet in
inducing production of IFNy [15].

IL-17-producing gamma delta (yd) T cells (y0T17) are a major
innate source of IL-17 in the mouse and occupy mostly barrier
surfaces such as the skin and mucosa as well as secondary
lymphoid organs [16]. Developmentally, although y3T17 cells origi-
nate in the embryonic thymus [17], we have recently demonstrated
that they undergo a critical expansion and differentiation process
during neonatal life [preprint: 18]. A number of transcription factors
have been described to regulate the embryonic differentiation of
v6T17 cells, including cMAF, Sox13, and RORyt [19,20], while
STATS is critical for neonatal development [preprint: 18].

In the adult skin, y3T17 cells are one of the primary resident
innate lymphocytes and through the production of IL-17 and IL-22,
they are important in clearing bacterial infections [21,22] and in
mediating imiquimod-induced psoriasis-like disease [23-25]. In the
mouse, the two major IL-17-producing yd T-cell subsets express
either the TCR chains Vy4 or Vy6 (Vy4™) (Vy nomenclature accord-
ing to Heilig & Tonegawa [26]), both of which have been associated
with tissue pathology during inflammation, particularly in the skin
[27]. Similar to T,17 cells, production of IL-17 and IL-22 by y8T17
cells can be induced by IL-23R [28,29], although it is not known
whether this is STAT3 and/or STAT4 driven. In contrast, homeo-
static expression of IL-17 [17] does not require IL-23R-STAT3 signal-
ing [30,31].

Herein, we investigated the roles of STAT3 and STAT4 in ydT17
cells during steady state and imiquimod(IMQ)-induced psoriasis.
We show that at steady-state STAT3 is not required for the produc-
tion of IL-17A or IL-17F by y8T17 cells but it is necessary for their
response to in vitro IL-23 and IL-1f stimulation. Although, STAT3
was not important for sustaining y8T17 cells in the lymph node
(LN), it regulated their numbers in the skin. During psoriasis-like
inflammation, y0T17 cells required STAT3 signals to expand,
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enhance production of IL-17A, IL-17F, and IL-22 and to cause skin
pathology. STAT4 did not regulate y6T17 numbers in either the skin
or LNs and was not important for the production of IL-17A or IL-17F
at steady state or the production of IL-22 after IL-23 stimulation.
Although during psoriasis-like inflammation, STAT4 signaling was
not required for cellular expansion and did not contribute to skin
pathology, the presence of STAT4 was critical for optimal IL-17F
induction. These data provide mechanistic insight into the signaling
events that regulate cytokine production and activation of ydT17
cells during inflammation and establish critical roles for STAT3 and
STAT4 in the regulation of these cells during health and disease.

Results and Discussion
STAT3 regulates skin y6T17 cell numbers

In order to better understand the role of STAT3 in ydT17 cells, we
crossed mice that express the Cre recombinase under the control of
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the RORyt promoter [32] with STAT3 floxed mice [33]. The
resulting RORyt“RE-STAT3F/F mice were viable and did not show
any physical abnormalities. We identified ydT17 cells in the LN
as TCRyd " CD27-CD44™ and in the skin as CD3“°TCRy8 " Vy5~
and in either organ both Vy4* and Vy4~ subsets expressed CCR6
(Fig EVIA and B) [34,35]. The activity of the RORyt-driven
Cre recombinase was assessed by crossing RORyt“RE with
ROSA26-STOPflox-RFP  (RORyt“RE-RFPSTPF/F)  mice, which
showed over 80% reporter expression in TCRy8*CD27~ LN cells
(Fig EV1C). Compared to littermate controls (Cre™), LNs of
RORYt“RE-STAT3™¥ (Cre*) mice contained normal numbers
of total yd T cells (Fig EV2A) and ydT17 cell frequencies
(Fig EV2B). Similarly, STAT3 did not impact on the numbers of
LN v8T17 cells (Fig 1A) irrespective of whether they were Vy4*
or Vy4~ (Fig EV3A and B). In contrast to the LN, there was a
significant reduction in y8T17 cell numbers in the skin of RORyt“RE-
STAT3"F mice compared to littermate controls (Figs 1B and EV3C
and D), suggesting a role for STAT3 in sustaining cutaneous y6T17
cells.
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Figure 1. STAT3 regulates skin y8T17 cell homeostasis and their response and pathogenicity during imiquimod-driven psoriasis.
Flow cytometric analysis of v T cells in RORyt“RE-STAT3"" (Cre*) and littermate control mice (Cre™). In graphs, each symbol represents a mouse and line the median.

*P < 0.05, **P < 0.01, ***P < 0.001 using Mann-Whitney test.

A, B Numbers of y3T17 cells in the LN (A) and skin (B) before (steady state) and after IMQ-induced psoriasis. Steady state: n = 8; 4 experiments, IMQ: n = 11-12; 4

experiments.

C
D
thickening from 5 micrographs measured in pm.
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Representative micrographs indicating ear skin sections stained with H&E before and after IMQ-induced psoriasis (scale bar = 100 um).
Quantification of epidermal thickening from H&E-stained sections. Steady-state: n = 8; 4 experiments, IMQ: n = 11-12; 4 experiments. Each symbol is the average
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STAT3 but not STAT4 is required for inflammatory y56T17 cell
responses and imiquimod-driven psoriasis

Next, we investigated whether STAT3-deficient y3T17 cells could
respond to an in vivo inflammatory stimulus and we used the
imiquimod (IMQ)-induced psoriasis model, which depends on func-
tional y8T17 cells and the cytokines IL-17A, IL-17F, and IL-22 [23,36—
38]. We found that y8T17 cells in RORyt“RE-STAT3/F mice failed to
expand in response to IMQ-induced inflammation in both skin and
draining LNs (Figs 1A and B, and EV3A-D). STAT3 deficiency
affected Vy4* and Vy4~ cells equally (Fig EV3A-D). Although we
and others have shown before that conventional aff T cells are
dispensable for IMQ-induced inflammation in the presence of func-
tional y8T17 cells [25,37,38], we quantified CD4*, CD4~ (CD8*), and
CD27" 8 T cells in RORyt“RE-STAT3"/F mice (Fig EV4). We found
that all 3 populations expanded after IMQ treatment (Fig EV4A-E);
however, only CD4" T cells in the LN (Fig EV4A) and CD4" and
CD4"™ T cells in the skin (Fig EV4C and D) were dependent on STAT3.

Compared to littermate controls, RORyt“RE-STAT3™F mice devel-
oped significantly reduced psoriasis-like symptoms as measured by
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epidermal thickening (Fig 1C and D). Therefore, STAT3 is necessary
to drive the y3T17 cell response during psoriatic inflammation and
to establish full disease, which is in accordance with its important
role in Ty17 and other IL-17-producing lymphocytes.

To test the importance of the related transcription factor STAT4,
we used mice deficient in STAT4 (STAT4 /) and compared them
to littermate STAT4"/~ heterozygous controls. Compared to
controls, STAT4~/~ mice had normal numbers of total v T cells
(Fig EV2C) and ydT17 cell frequencies (Fig EV2D) in the LNs. Simi-
larly, STAT4 deficiency did not affect the numbers of y8T17 cells in
either the LNs or skin (Figs 2A and B, and EV3E-H), suggesting that
unlike STAT3, STAT4 does not regulate the development or home-
ostasis of ydT17 cells. Furthermore, and in marked contrast to
STAT3, STAT4 was not required for y3T17 cell expansion or estab-
lishment of psoriatic symptoms. Hence, in STAT4 /"~ mice, LN and
skin y0T17 cells expanded comparably to controls (Figs 2A and B,
and EV3E-H), while epidermal thickening was also unchanged
(Fig 2C and D). Thus, unlike in Ty17 cells, STAT4 does not regulate
v8T17 responses or ydT17-mediated inflammation suggesting a dif-
ferential role among lymphocyte subsets.
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Figure 2. STAT4 is not required for y3T17 cell homeostasis or their inflammatory response.
Flow cytometric analysis of y5 T cells in STAT4~/~ (—/—) and littermate control mice (+/—). In graphs, each symbol represents a mouse and line the median.
A, B Numbers of y8T17 cells in the LN and skin (staining as in Fig EV1) before (steady state) and after IMQ-induced psoriasis. Steady state: n = 6; 3 experiments, IMQ:

n = 11; 4 experiments.

C Representative micrographs indicating ear skin sections stained with H&E before and after IMQ-induced psoriasis (scale bar = 100 pm).
D  Quantification of epidermal thickening from H&E-stained sections. Steady state: n = 6; 3 experiments, IMQ: n = 8; 3 experiments. Each symbol is the average

thickening from 5 micrographs measured in pum.
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Figure 3. Production of IL-17A and IL-17F is driven by STAT3 during inflammation but not at steady state.

Flow cytometric analysis of lymph node 5 T cells in RORyt“RE-STAT3"" (Cre*) and littermate control mice (Cre™). In graphs, each symbol represents a mouse or experiment
and line the median. *P < 0.05, **P < 0.01, ***P < 0.001 using Mann-Whitney test (B, E, G, H) or 2-way ANOVA (C, F).

A-F (A D) Representative dot plots showing IL-17A (A) or IL-17F (D) and IFNy production in yd T cells before (steady state) and after IMQ-induced psoriasis. Numbers in gate
indicate % positive cells; numbers outside the gate indicate mean fluorescence intensity of IL-17A or IL-17F. (B, E) Frequency of IL-17A* (B) and IL-17F" (E) y8 T cells before
(steady state) and after IMQ-induced psoriasis. (C, F) Quantification of mean fluorescence intensity (MFI) of IL-17A (C) and IL-17F (F) staining in y3 T cells after IMQ-
induced psoriasis (each color represents a different experiment). In (A-C) steady state: n = 8; 4 experiments, IMQ: n = 11-12; 4 experiments. In (D-F) steady state: n = 6; 3
experiments, IMQ: n = 8; 3 experiments. In (C) ***P < 0.001 with 2-way ANOVA, in (F) *P < 0.05 with Mann-Whitney or ***P < 0.001 with 2-way ANOVA.

Frequency of IL-17A* (G) and IL-17F* y3 T (H) cells or IL-17A (G) and IL-17F (H) MFI following culture with IL-1B, IL-23, or nothing. Each symbol represents one
experiment. Open circles = Cre* (each color represents a different culture condition).
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A recent report concluded that STAT3 signaling in y8T17 cells
is not required for IMQ-induced psoriasis or Vy6* cell responses,
which contradicts our data [39]. However, the authors therein
used a human CD2 transgene driven Cre (hCD2°RE) line to delete
STAT3, which will impact a number of different lineages including
all T cells, B cells, NKT cells, conventional and plasmacytoid
dendritic cells [40], and which in turn may affect y8T17 cells indi-
rectly, especially during inflammation. The RORyt“RE-RFPSTFT/F
mouse line showed over 80% reporter expression in ydT17 cells,
15% in conventional T cells, and no expression in B cells or
CD27" v3 T cells, demonstrating high efficiency and relative speci-
ficity by comparison to hCD2R® (Fig EV1C). In addition, it is also
possible that there are variations in the outcome of disease
depending on the site of psoriasis induction, with Cai et al apply-
ing IMQ cream on the shaved back of mice [39], whereas we
induced inflammation on the dorsal part of the ear. Despite these
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Figure 4. STAT3 is necessary for IL-22 production by y6T17 cells.
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discrepancies, Cai et al found significantly impaired Vy4 y3T17 cell
responses in STAT3-deficient animals, which agrees with our find-
ings and suggests that STAT3 is a critical enhancer of pathogenic
voT17 cells.

STAT3 and STAT4 are required for cytokine production by y6T17
cells during inflammation but not steady state

Since IL-17A, IL-17F, and IL-22 production by activated y8T17 cells
is critical to drive disease in the IMQ model of skin inflammation
[38], we assessed the influence of STAT3 and STAT4 on the produc-
tion of these cytokines. In the absence of inflammation, production
of IL-17A (Fig 3A-C) and IL-17F (Fig 3D-F) was independent of
STAT3. However, in IMQ-treated RORyt“®E-STAT3"¥ animals, the
frequency of IL-17A- and IL-17F-producing ydT17 cells failed to
increase and was significantly lower compared to controls (Fig 3A,
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Flow cytometric analysis of lymph node y3 T cells in RORthRE—STAT3HF (Cre*) and littermate control mice (Cre™). In graphs, each symbol represents a mouse or experiment
and line the median. *P < 0.05, **P < 0.01, ****P < 0.0001 using Mann—-Whitney test.

A, B Representative dot plots showing IL-22 and IL-17A production in y3 T cells (A) and frequency of IL-22* v8 T cells (B) before (steady state) and after IMQ-induced

psoriasis. Steady state: n = 6; 3 experiments, IMQ: n = 8-9; 3 experiments.
C,D
recombinant IL-23 (n = 9-10, 3 experiments).

Representative dot plots showing IL-22 and IL-17A production in y3 T cells (C) and frequency of IL-22* y8 T cells (D) following culture without (=) or with 40 ng/ml

E Frequency of IL-22* y& T cells following culture with IL-1p, I1L-23, or nothing. Each symbol represents one experiment. Open circles = Cre* (each color represents a

different culture condition).
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B, D and E). Similar to in vivo inflammation, short-term in vitro
culture of y8T17 cells with IL-1f or IL-23 showed that STAT3 was
required of the induction of IL-17A and IL-17F proteins, without,
however, affecting the frequency of IL-17A™ cells (Fig 3G and H).
Although unresponsiveness to IL-23 can be explained molecularly
by the lack of STAT3, defective IL-1f signaling most likely reflects
compromised fitness of STAT3-deficient cells or reduced capacity to
activate the mTOR pathway [39].

The lower frequency of IL-17A/F* cells that we observed in
RORYt“RE-STAT3"F mice could be explained by the diminished
expansion of STAT3-deficient y3T17 cells (Fig 1A and B). Thus, we
measured mean fluorescence intensity (MFI) of IL-17A and IL-17F
as a means to express protein levels on a per cell basis. We found
that both IL-17A (Fig 3C) and IL-17F (Fig 3F) were significantly
reduced in the absence of STAT3, suggesting that while at steady-
state IL-17A and IL-17F secretion is independent of STAT3, ydT17
cells require STATS3 in order to increase IL-17A/F production during
inflammation. Because IL-17A/F can be produced by cells other
than y8T17, particularly aff T cells, and because aff T cells can
respond to IMQ (Fig EV4A-C), we assessed the relative contribution
of TCRy8" and TCRB™ cells to IL-17A/F production in IMQ-treated
mice. By pre-gating on all IL-17A"* or on all IL-17F* cells, we
showed that the significant majority was of the yd T-cell lineage
(Fig EVSA and B), further underpinning the important role of y6T17
cells in this model.

Although IL-22 could not be detected at steady state by flow
cytometry, its levels were measurable during IMQ-induced
inflammation. Deficiency in STAT3 resulted in no production of IL-
22 (Fig 4A and B). In contrast to IL-17A/F, the contribution of
TCRy3" and TCRB™ cells during IMQ-induced inflammation was
comparable (Fig EV5C); however, we could not detect a difference
in the frequency of CD4 *IL-22* TCRB™ or CD4 IL-22" TCRB™ cells
between RORthRE—STATSF/ ¥ and littermate control mice (Fig EV5D).
Due to the scarcity of IL-22™ cells, the mean fluorescence intensity of
IL-22 staining could not be reliably calculated as the technical vari-
ability of fluorescence signals obscured accurate assessment of
biological differences. In addition to inflammation, IL-22 could be
induced ex vivo by IL-23 and IL-1pB. However, STAT3-deficient ydT17
cells failed to secrete IL-22 in response to IL-23 (Fig 4C and D),
suggesting that in this lymphocytic population, IL-23-driven produc-
tion of IL-22 is STAT3-dependent. IL-1B-mediated induction of IL-22
was also partly dependent on intact STAT3 (Fig 4E).

Similar to RORYt“RE-STAT3™F mice, y8T17 cells from STAT4 "/~
mice produced normal levels of IL-17A/F at steady state (Fig 5A
and B). Production of IL-17A was not different between control and
STAT4-deficient y6T17 cells during inflammation (Fig 5A), although
there was a small but statistically significant reduction in IL-17A
MFT in the absence of STAT4 (Fig 5C). As opposed to IL-17A, both
the frequency of IL-17F* y8T17 cells and their levels of IL-17F
protein depended on intact STAT4 signaling (Fig 5B and D),
suggesting that ydT17-associated production of IL-17F is coregulated
by STAT3 and STAT4. Secretion of IL-22 by y3T17 cells during
inflammation or following ex vivo IL-23 stimulation was not affected
by STAT4 deficiency (Fig SE and F). These data suggest that
although STAT4 is not required for ydT17-induced inflammation, it
is important for their ability to produce optimal levels of cytokines.

The presence of innate IL-17-producing lymphocytes such as
y6T17 or group 3 innate lymphoid cells in mice and humans
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Figure 5. Regulation of cytokine production by STAT4.

Flow cytometric analysis of lymph node v3 T cells in STAT4~/~ (—/-) and

littermate control mice (+/—). In graphs, each symbol represents a mouse and

line the median. *P < 0.05, ***P < 0.001 using Mann—-Whitney test (A, B, E, F) or

2-way ANOVA (C, D).

A Frequency of IL-17A* (A) y8 T cells before (steady state) and after IMQ-
induced psoriasis.

B Frequency of IL-17F* y8 T cells before (steady state) and after IMQ-induced
psoriasis.

C Quantification of mean fluorescence intensity (MFI) of IL-17A staining in yd
T cells after IMQ-induced psoriasis.

D Quantification of mean fluorescence intensity (MFI) of IL-17F staining in yd
T cells after IMQ-induced psoriasis.

E Frequency of IL-22* y8 T cells before (steady state) and after IMQ-induced
psoriasis.

F  Frequency of IL-22* y8 T cells following culture without (—) or with 40 ng/
ml recombinant IL-23.

Data information: (A, B and E) steady state: n = 7; 4 experiments, IMQ: n = 11;
4 experiments. (C, D) IMQ: n = 11; 4 experiments. (F) n = 8; 3 experiments. (C,
D) Each color represents a different experiment.

[41,42] during inflammation is well documented for many disease
states. Although they share functional similarities with their adap-
tive T-cell counterparts, innate lymphocytes do not require

© 2019 The Authors
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antigen-driven lineage differentiation and are hardwired to express
genes associated with effector function [43]. STAT transcription
factors integrate a plethora of cytokine and growth factor receptor
signals and are thus involved in both lineage commitment and
functional heterogeneity. Therefore, targeted regulation of JAK/
STAT signaling can have significant therapeutic outcomes for
inflammation, as shown by the presence of a number of small
molecule inhibitors that target different JAK and STAT molecules
and are FDA-approved or in clinical trials [44]. Our data demon-
strate a dichotomy of the role that STAT3 and STAT4 have in
v8T17 cells during inflammation. While STAT3 is essential for the
activation and pathogenicity of y3T17 cells, STAT4 contributes
only to their cytokine production with no impact on pathogenicity.
This is suggestive that in a therapeutic setting, inhibition of STAT3
will target both y8T17 and Tyl7 cells, while STAT4 inhibition
maybe selective to Ty17. Collectively, our data reveal the impor-
tance of STAT3 in sustaining skin y8T17 cell homeostasis and in
directing their pathogenicity and identify the role of STAT4 in
voT17 cells.

Materials and Methods
Mice

All animal breeding and experiments were performed in house and
only after approval from the Danish Animal Experiments Inspec-
torate. RORYt“RE mice were provided by Gerard Eberl (Pasteur Insti-
tute, Paris, France) [32]. STAT3"/F mice were purchased from the
Jackson Laboratory and bred in house (Stock number: 016923).
STAT4 /~ mice were from the Jackson Laboratory (Stock number:
028526), were provided by Mathias Miiller (University of Veterinary
Medicine, Vienna, Austria), and bred as heterozygous to obtain
homozygous and heterozygous littermate controls. ROSA26-STOP-
flox-RFP mice were from the Swiss Immunological Mouse Reposi-
tory (SwWImMR).

IMQ-induced psoriasis and histology

To induce psoriasis, mice were anesthetized using isoflurane and
10 mg of 5% Aldara™ cream (MEDA) was applied daily for 7 days
at the dorsal side of both ears. For histology, ear tissue was fixed in
10% formalin overnight and paraffin-embedded sections were H&E-
stained.

Cell preparation and culture

Auricular and cervical LNs were dissected out, cleaned of fat, and
crushed through a 70-um strainer. The resulting cell suspension
was washed once, before being re-suspended in culture media
(RPMI containing 10% FBS, penicillin/streptomycin, 0.1% B-ME,
20 mM HEPES, and t-glutamine) (media and supplements from
Thermo Fisher), and filtered through a 40-pum strainer. Cells were
then counted on a SYSMEX cell counter and re-suspended at a
density of 107/ml of which 2.5 x 10° were used for subsequent
flow cytometry experiments. To detect cytokines, 5 x 10° cells
per ml were cultured for 3.5 h with 50 ng/ml PMA, 750 ng/ml
ionomycin, and 1 pl/ml GolgiStop™ (BD). In some cases, cells
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were cultured overnight with 40 ng/ml recombinant mouse IL-23
(R&D Systems) or 20 ng/ml recombinant mouse IL-1f (R&D
Systems) before staining.

Skin lymphocytes were prepared from mouse ears by separating
the dorsal from ventral sides and then they were cut into small
pieces and digested in culture media with 0.25 mg/ml collagenase
IV, 0.166 mg/ml hyaluronidase, and 0.1 mg/ml DNase I (all
enzymes from Sigma-Aldrich) for 1 h at 37°C while stirring at
700 rpm. Undigested tissue was crushed through a 70-pum strainer,
and the cell suspension was washed, re-suspended in culture media,
and filtered through a 40-pm strainer.

Flow cytometry

Cells were stained in U-bottom 96-well plates in 75 pl PBS
containing 3% FBS with combinations of the following antibodies:
CD4-FITC (RM4-4), CD19-FITC (6D5), CD8-FITC (53-6.7), TCRp-
APCeF780 (HS57-597; eBioscience), TCRy3-BV421 (GL3), CD44-
V500 (IM7), CCR6-AF647 (140706), Vy4-PerCPeF710 (UC3-10A6),
CD27-PECy7 (LG.3A10), Vy5-FITC (536), CD3-PE (145-2Cl11;
BioLegend), CDA45-V500 (30-F11), IL-17A-BV786 (TC11-18H10),
IL-17F-PECF594 (079-289), IL-22-PE (1H8PWSR; eBioscience),
IFNy-APC (XMG1.2; BioLegend), CD3-PECF594 (145-2C11), and
CD4-BUV395 (RM4-5). Cells were stained for 30 min on ice, and
all antibodies were used at a 2 x 10~ dilution. Prior to antibody
staining, cells were incubated with 100 ul PBS containing 1073
diluted fixable viability dye AF700 for 10 min on ice. Cells were
washed in 150 pl PBS containing 3% FBS in-between steps. For
intracellular cytokine staining, the cells were fixed and permeabi-
lized by incubation in BD Fix/Perm solution for 15 min at room
temperature followed by washing once in BD Perm/Wash solution.
Intracellular cytokines were stained in BD Perm/Wash for 15 min
at room temperature. Unless specified all antibodies and staining
reagents were purchased from BD Biosciences. Samples were
acquired on a BD LSR Fortessa™ using BD FACSDiva software
v8.0.2.

Data analysis and software

Flow cytometry data were analyzed using Flow Jo v9.8.3 or v10.
H&E sections were photographed on an Olympus BX45 microscope
at 10x magnification with an Olympus UC30 camera. Epidermal
thickening was measured using Olympus cellSens Entry 2.1
software.

Statistical analysis

All graphs were generated, and statistical analyses were performed
using Prism v8. We used unpaired non-parametric Mann-Whitney
U-test and paired t-test for all statistical analyses. To correct for the
technical variations of MFI (mean fluorescent intensity) measure-
ment between experiments, we used a 2-way ANOVA test in R that
was defined as such: Im(MFI ~ Varl + Var2, data = data), where
Varl represents the experiment and Var2 represents the experimen-
tal condition as previously described [25]. In graphs, only statisti-
cally significant differences are denoted.

Expanded View for this article is available online.
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