Journal of Molecular Medicine (2018) 96:819-829
https://doi.org/10.1007/s00109-018-1662-5

JMolMed

@ CrossMark

ORIGINAL ARTICLE

Expression of IL-17F is associated with non-pathogenic Th17 cells
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Abstract

IL-17A and IL-17F share the highest sequence homology of the IL-17 family and signal via the same IL-17RA/RC receptor
heterodimer. To better explore the expression of these two cytokines, we used a double reporter mouse strain (IL-17°%
mice), where IL-17A expressing cells are marked by enhanced green fluorescent protein (eGFP) while red fluorescence
protein (RFP) reports the expression of IL-17F. In steady state, we found that Th17 and yd T cells only expressed IL-17A,
while IL-17F expression was restricted to CD8 T cells (Tc17) and innate lymphoid cells (ILC type 3) of the gut. In
experimental autoimmune encephalomyelitis, the vast majority of CNS-infiltrating Th17 cells expressed IL-17A but not
IL-17F. In contrast, anti-CD3-induced, TGF-3-driven Th17 cells in the gut expressed both of these IL-17 cytokines. In line
with this, in vitro differentiation of Th17 cells in the presence of IL-1f3 led primarily to IL-17A expressing T cells, while
TGF-f3 induced IL-17F co-expressing Th17 cells. Our results suggest that expression of IL-17F is associated with non-
pathogenic T cells, pointing to a differential function of IL-17A versus IL-17F.

Key messages

« Naive mice: CD4" T cells and & T cells express IL-17A, and Tcl7 cells express IL-17F. Gut ILC3 show differential
expression of IL17A and F.

* Th17 differentiation with TGF-31 induces IL-17A and F, whereas IL-1{3 induced cells expressing IL-17A.

*  Th17 cells in EAE in CNS express IL-17A only.

* Gut Th17 cells induced by anti-CD3 express IL-17A and F together as skin yd T cells of IMQ-treated mice.

Keywords IL-17F - Th17 cells - IL-17A - EAE - Reporter mice

Introduction identified first after being cloned from a murine cytotoxic T
cell hybridoma cell line. Therefore, it was initially termed
The IL-17 cytokine family consists of the six members (IL-  cytotoxic T-lymphocyte antigen-8 (CTLA-8) [3]. The individ-

17A-F) [1, 2]. Out of those six cytokines, IL-17A was  ual family members share homology in their amino acid
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sequence to IL-17A, with IL-17F showing with about 50% the
highest similarity. Furthermore, in human and mice, the //17f
gene locus is in close proximity to ///7a, indicating that the
different members of the IL-17 family of cytokines may orig-
inate from gene duplication.

Since the initial discovery of IL-17A, it became clear that
this cytokine is mainly expressed by a distinct T helper cell
subset, termed Th17 cells [4]. However, subsequently other
cell types, or subpopulations of those, have been found to
express IL-17A, including type 3 innate lymphoid cells
(ILC3s) [5], natural killer T cells [6, 7], vd T cells [8, 9], and
cytotoxic CD8" T (Tc17) cells [10, 11]. It is known that Th17
cell differentiation is induced in the presence of TGF-f3 and
IL-6 or IL-21 [12—14], which induce the expression of the
transcription factors RORyt and ROR« [4, 15]. In contrast
to naive T helper cells, Th17 cells express the receptor for
IL-23 (IL-23R), which is critical for their proper maintenance
and expansion. Recently, it was shown that IL-1[3 also plays
an important role in the expansion of Th17 cells in the context
of neuroinflammation [16-19]. In the steady state, [L-17 is
crucial for the host homeostatic relationship with commensal
and pathogenic bacteria and fungi, which is achieved by in-
ducing proinflammatory cytokines, chemokines, and antimi-
crobial peptides, especially at mucosal surfaces. However, a
role for IL-17 in the development of different autoimmune
diseases, including multiple sclerosis and psoriasis, was
shown. Accordingly, different approaches were attempted to
target either the differentiation of Th17 cells or to neutralize
IL-17A and IL-17F [20].

Biological activity of IL-17A and IL-17F is mediated by
binding to their cognate heterodimeric receptor complex
consisting of IL-17RA and IL-17RC. So far, experiments an-
alyzing the differential expression of these two cytokines were
conducted either by studying mRNA levels or via flow cyto-
metric analysis using antibodies specific to IL-17A or IL-17F
[21-24]. Herein we used a genetic model to study the differ-
ential expression of these two related cytokines in steady state
and in different disease models. To this end, we crossed IL-
17A-IRES-enhanced green fluorescent protein (eGFP) mice
[25] to IL-17F-IRES-RFP [26] mice to generate IL-17AF dou-
ble reporter mice (IL-17°%). By using this new tool, we found
that Th17 cells and y$ T cells in naive mice primarily express
IL-17A. Polarization of Th17 cells under different in vitro
conditions and in vivo inflammation models point towards a
TGF-{3-driven expression of IL-17F and an IL-1{3-driven ex-
pression of IL-17A.

Results
IL-17A is often considered to be co-expressed with IL-17F

[27]. However, analysis of the expression of both cytokines
was mostly performed by qRT-PCR or ELISA using bulk cell
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populations. Alternatively, intracellular staining with cell-
permeabilizing conditions was used. The IL-17°% mice now
enabled us to study the expression profile of IL-17A and IL-
17F also on the single cell level with high accuracy using
gentle surface marker staining conditions.

Expression of IL-17A and F in naive mice Analysis of naive IL-
17°® mice by flow cytometry showed that CD4"* T cells and
vd T cells in the spleen and lymph nodes (LNs) express IL-
17A but very little IL-17F (Fig. 1a, b). Interestingly, when we
analyzed CD8" T cells, we observed only very few IL-17A
expressing cells but a sizeable population of cells that was
positive for IL-17F-RFP. Furthermore, co-expression of both
cytokines was absent in these cells (Fig. 1a, b). ILC3s were
shown to express IL-17 and to play an important role in the
maintenance of gut homeostasis [28, 29]. Among ILC3s, IL-
17 is selectively expressed by T-bet- CCR6" lymphoid tissue
inducer (LTi) cells [30]. However, in most studies, expression
of RORt is used to identify this specific ILC subset and little
is known about the differential expression of IL-17A and IL-
17F in them. We therefore isolated ILCs from the colon and
small intestine of naive mice. To specifically analyze ILC3,
we used the surface markers CD127 and c-Kit to identify them
among the lineage-negative cells [31]. These cells were fur-
ther separated into CCR6'~ and CCR6" subsets. As previ-
ously described [28, 30], CCR6' ILC3 did not express IL-
17A or IL-17F (data not shown). We further did not observe
differences in IL-17 production between CD4* and CD4 ™~ LTi
cells (data not shown). Interestingly, we found differential
patterns of expression of IL-17A-eGFP and IL-17F-RFP
when comparing CCR6" ILC3s isolated from the small intes-
tine versus the colon of naive mice (Fig. 1c, d). In the small
intestine, these cells mainly expressed IL-17F-RFP and only
few IL-17A-eGFP positive or double positive cells could be
detected (Fig. 1c, d). In contrast, in the colon, the majority of
these cells expressed IL-17A-eGFP either alone or together
with IL-17F-RFP (Fig. lc, d).

Fig. 1 Expression of IL-17A and F in naive mice. a Flow cytometric>
analysis of T cells in the spleen and lymph nodes of naive IL-17°% mice.
Cells were activated with PMA and Ionomycin for 4 h prior to analysis
and gated for CD90.2* y6TCR™ CD4*, CD90.2* y6TCR™ CD8*, or
CD90.2* ydTCR™ live cells. b Graphical display of the data shown in a
of IL-17A-eGFP*, IL-17F-RFP*, and double positive (DP) cells in re-
spective organs. Shown is mean with SD (n = 4). Data is representative of
at least three independent experiments. ¢, d ILCs were isolated from the
small intestine and colon of naive IL-17°% mice. ¢ Flow cytometric anal-
ysis of IL-17A-eGFP and IL-17F-RFP expression in ILC3s in indicated
parts of the gut. CCR6+ ILC3s were defined as CD45%/Lineage™/
CD127*/c-kit*/ CCR6" live cells. d Graphical display of the data shown
in ¢ of IL-17A-eGFP*, IL-17F-RFP*, and double positive (DP) ILC3s in
indicated parts of the gut. Shown is mean with SD (n = 3). Data is repre-
sentative of two independent experiments



J Mol Med (2018) 96:819-829

821

a CD90.2* TCRys"CD4* CD90.2* TCRys" cD8*  CD90.2* TCRys™*
105003 0.03] 405013 0] 405022 57
104+ 104 - 104j

Spleen | 1034 10°-

1021
0 =
0.13 0.01 i 16.3
Ll L | T T Ty v SLEA I R BT I T T L | T
010% 10® 10* 10° 10*  10° 010% 10® 10* 10°
108]0.01 0.03 0] 105]1 2.8
10%] 1044
LN o 10% 103
T
o N
w1024 o | 10% 4
M~ 04 2:%-'*'”&' 0
T ; Ty T T (')13 Ty T T 991 Ty T T T 1'8|3
= 0102 10® 10* 10° 0102 10% 10 10° 010% 10® 10* 10°
IL-17A-eGFP >
b
[ Spleen []LN
<0.0001
<0.0001
<0.0001 <0.0001 < 0.0001 < 0.0001
< 0.0001 <0.0001< 0.0001 <0.0001
1007 === 1004 — = 1000 50007
— < 0.0001
80 B 80 80
0 -~ @ 2
8 604 8 60+ T 60
N~ N~ N~
= = :
w5 407 w5 407 s 40+ 0.0081
< oaotr X X 0.0583
0.0082 “—
20 - 20 20 00770
e ﬁ -t
O T T T 0_ 0 T T T
eGFP* RFP* DP eGFP* RFP* DP eGFP* RFP* DP
c . d .
Small Intestine Colon [_] Small Intestine [__] Colon
+ - + + 4+ £0.0001 <0.0001
CD45 Lin CD127 CCR6 c-kit 100+ 00047
@ E
105]12:3 0.3]405[87 7.2 S sod
] ] = 00243 0.0376
104] 104 % 604
' ' $
Q. 10% 5 40
Iﬁ:L ] ‘,: . OﬂZZ 0.0'196
! I =
L'\I_ 0 1 o ‘6 204
E Ty T T IO|3 Ty T T I7'|'6' O\o
= 0102 10% 10* 10° 0102 10% 10* 10° O-lEE e
IL-17A-eGFP > eGFP* RFP* DP

@ Springer



822 J Mol Med (2018) 96:819-829
a a-CD3 / a-CD28 b o-CD3 / a-CD28
TGF-p1 + IL-6 IL-1B + IL-6 IL-23
i3 05 - 0O
TGF-B1 + IL-6 IL-1 + IL-6
<0.0001
- 100, —2000 100~ 04762
< 0.0001 < 0.0001
0.0003
80 0.0051 80 0.1604
S X ) S —— ) 2 <0000t 0237 EH 2 0.1273
0102 10% 10* 105 0102 10% 10* 10° o 607 00028 Q o 60 0%
5 5 T T —
10 41.5|10518.8 6.4 % 404 E !g 404
» < 0.0004 < 00054
20 0.0351 E 20 E
IL-23 o 10°] X =
I&_ 0 T T T 0 T T T
e eGFP* RFP* DP eGFP*RFP* DP
M~ 0 4
NS SN RN SEMISHS B m— 1 1
= 0102 10° 10* 105 0102 10% 10* 105
IL-17A-eGFP

Fig. 2 Differential expression of IL-17A and F after in vitro T cell differ-
entiation. a, b Purified CD4* T cells from the spleen and lymph nodes of
IL-17°® mice were differentiated in vitro using indicated cytokines and
antibodies for 5 days. a Flow cytometric analysis of IL-17A-eGFP and
IL-17F-RFP expression in helper T cells polarized using indicated

In vitro differentiation conditions determine the extent of IL-
17F co-expression with IL-17A As we found that in naive
mice Th17 cells express mainly IL-17A but not IL-17F,
we determined the expression profile of both cytokines
after in vitro differentiation. For that, we induced Th17
differentiation by addition of either TGF-31 or IL-1f3 in
combination with IL-6 and IL-23 to otherwise polyclonally
activated naive T cells. We found that most Th17 cells
cultured with TGF-f31 expressed IL-17F-RFP with a large
proportion of IL-17AF double positive cells and only few
IL-17A-eGFP single positive cells (Fig. 2a, b). Moreover,
upon addition of IL-23, the majority of Th17 cells
expressed both IL-17 cytokines and we observed a slight
but significant increase in the number of IL-17A-eGFP
single-expressing cells (Fig. 2a, b). In contrast, Th17 cells
differentiated with IL-1 and IL-6 mainly expressed IL-
17A-eGFP, which was augmented by addition of IL-23.
Under these conditions, only a minority of cells were IL-
17AF double positive, but we found a significantly in-
creased population of IL-17F-RFP positive cells when IL-
23 was added (Fig. 2a, b).

Dominant expression of IL-17A in Th17 cells during CNS in-
flammation Next, we turned to study the pattern of expression
of IL-17A and IL-17F in experimental autoimmune encepha-
lomyelitis (EAE), a disease model with high presence of IL-17
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conditions. b Graphical display of the data shown in a of IL-17A-
eGFP*, IL-17F-RFP”, and double positive (DP) cells after 5 days of
culture. Shown is mean with SD (differentiation and analysis was per-
formed in triplicates). Data is representative of three independent
experiments

Fig. 3 Expression of [L-17A and F in inflammation. a, b Active EAE >
induction in IL-17°® mice. Animals were sacrificed with clinical score of
1.5-2. Cells were activated with PMA and lonomycin for 4 h prior to
analysis. a Flow cytometric analysis of IL-17A-eGFP and IL-17F-RFP
expression in CD3* CD4" in the lymph nodes and CNS. b Graphical
display of the data shown in a of IL-17A-eGFP", IL-17F-RFP*, and
double positive (DP) cells of indicated cells in respective organs.
Shown is the mean with SD (n=3). ¢, d Adoptive transfer EAE of
Th17 cells from IL-17°R mice in RAG1-deficient hosts. Mice were
sacrificed with clinical score of 1.5-2. Cells were activated with PMA
and Tonomycin for 4 h prior to analysis. ¢ Flow cytometric analysis of IL-
17A-eGFP and IL-17F-RFP expression in transferred CD3" CD4" T cells
and in the CNS and lymph nodes. d Graphical display of the data shown
in ¢ of IL-17A-eGFP*, IL-17F-RFP", and double positive (DP) cells of
indicated cells in respective organs. Shown is mean with SD (n = 3). Data
is representative of two independent experiments. e, f IL-17°% mice were
injected i.p. with anti-CD3 antibodies or PBS. Cells were activated for 4 h
with PMA and Ionomycin. e Flow cytometric analysis of IL-17A-eGFP
and IL-17F-RFP expression in CD3" CD4" cells in the lamina propria of
PBS and anti-CD3-treated animals. f Graphical display of the data shown
in e of IL-17A-eGFP*, IL-17F-RFP", and double positive (DP) cells in
the lamina propria of indicated experimental groups. Shown is mean with
SD (n=3). Data is representative of two independent experiments. g, h
Back skin and ears of TL-17°% mice were treated with Aldara or sham
cream for five consecutive days. g Flow cytometric analysis of IL-17A-
eGFP and IL-17F-RFP expression in yd T cells in the lymph nodes and
ears of indicated experimental groups. For lymph nodes, cells were gated
as CD3*/y8TCR" live cells and for ears as CD45*/CD11b /CD3*/
YSTCR™ live cells. h Graphical display of the data shown in g of IL-
17A-eGFP", IL-17F-RFP*, and double positive y8 T cells after 5 days of
treatment. Shown is mean with SD (n = 3). Data is representative of three
independent experiments
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producing T cells [18, 32—34] which is highly dependent on
the presence of 1L-23 [35, 36] and IL-13 [18, 37]. We sub-
jected the IL-17°% mice to MOGss_ss-induced active EAE
and analyzed lymphocytic infiltrates in the CNS and lymph
node cells using flow cytometry. We found that the majority of
CD4* T cells in the CNS of mice with EAE (clinical score of
1.5-2) expressed IL-17A-eGFP alone, with only few IL-17AF
double positive cells (Fig. 3a, b). In contrast, Th17 cells in the
lymph nodes of diseased mice showed equal distribution of
IL-17A-eGFP, IL-17F-RFP single positive, and IL-17AF dou-
ble positive cells (Fig. 3a, b). The here found difference of
CNS Th17 cells to LN Th17 cells is in line with either an
enrichment of strongly activated, encephalitogenic T cells in
the CNS or a highly proinflammatory IL-13-dominated envi-
ronment which infiltrating T cells encounter in the inflamed
CNS in EAE. Similarly, we previously demonstrated changes
of encephalitogenic T cells in LN vs. CNS in respect to IL-
17A and IFNYy expression [38] and in respect to EBI2 expres-
sion [39].

In the course of EAE, Th17 cells display a high degree of
plasticity and switch from IL-17 to IFN'y production [38, 40].
To study whether IL-17A and IL-17F production in Th17 cells
also change in the course of the disease, we transferred IL-23
expanded encephalitogenic T cells into RAG]1 deficient mice
and analyzed expression of IL-17A vs. IL-17F before and after
transfer in the course of EAE. After 4 days of in vitro culture,
we found that the majority of cells that were IL-17 positive
expressed IL-17A-eGFP, with (ca. 40%) or without (ca. 60%)
IL-17F-RFP expression, but only few cells that expressed IL-
17F-RFP only (Fig. 3c). Interestingly, when we recovered the
transferred cells from the CNS of diseased recipient mice, we
found that most of the Th17 cells expressed IL-17A but only
very few were double positive (Fig. 3¢, d). Similar as in the
active EAE, this may be due either to an enrichment of IL-17A
expressing T cells in the CNS or change of the expression by
individual T cells under the influence of IL-13 in the CNS.
Together, our data show that IL-17A expression in inflamma-
tory settings in the context of EAE is dominant over that of IL-
17F, and mirror our in vitro data, where we found that differ-
entiation of Th17 cells in the presence of IL-1[3, known to
preferentially lead to the generation of pathogenic T cells
[18, 37], also leads to the generation of IL-17A expressing
Thl17 cells.

High proportion of IL-17AF co-expressing Th17 cells in the gut
It was previously shown that Th17 cells are present in the
lamina propria of naive mice and it was suggested that these
cells rather display a regulatory phenotype with high ex-
pression of the anti-inflammatory cytokine IL-10 [25].
Recent studies have demonstrated that systemic in vivo
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application of anti-CD3 antibodies leads to the generation
and expansion of this so called regulatory Th17 cell subset
via secretion of TGF-1 [25]. As we found that in vitro
differentiated Th17 cells placed under TGF-31 conditions
do co-express IL-17F-RFP, we were interested to analyze
the differential expression of IL-17A and IL-17F in the gut
upon anti-CD3 treatment. Therefore, we isolated lympho-
cytes from the lamina propria of anti-CD3-treated mice or
PBS-injected control mice. As expected, Th17 cells strong-
ly expanded in the guts of anti-CD3-treated mice.
Interestingly, we found a distinct population of IL-17AF
double positive cells in the lamina propria of PBS-treated
naive control mice, which strongly expanded upon anti-
CD3 treatment (Fig. 3e, f).

Induction of IL-17F expression in yd T cells in the skin upon
Imiquimod-induced psoriasis-like dermatitis IL-17A was
shown to be highly relevant for the pathogenesis of psoriasis
in mice and man [41-46]. Several approaches were made to
interfere with IL-17 in autoimmune disease by either neutral-
izing IL-17A (Secukinumab and Ixekizumab), targeting of the
IL-17 receptor (Brodalumab), or inhibition of Th17 differen-
tiation by neutralizing the p40 subunit of 1L-12/23
(Ustekinumab) [20]. As Secukinumab and Ixekizumab target
IL-17A only, we were interested to investigate the expression
of IL-17F in a psoriasis-like disease setting. The Imiquimod
model in mice induces a psoriasis-like dermatitis and is at
first line driven by vd T cells [42, 47]. After treating mice
with Imiquimod, we found, in the lymph nodes, that the
vd T cells expressed mainly IL-17A-eGFP (Fig. 3g, h).
However, IL-17F-RFP was co-expressed in some of these
cells as well. Interestingly, a significant proportion of der-
mal y6-TCR™ T cells in the ear skin of sham-treated mice
expressed IL-17F-RFP alone or together with IL-17A-
eGFP. Strikingly, the majority of v6 T cells in the inflamed
skin co-expressed IL-17F-RFP together with IL-17A-eGFP
(Fig. 3g, h).

In summary, our data show that IL-17A and IL-17F are
often unevenly regulated and expressed. Whereas IL-17A ex-
pression coincides with an IL-1{3 driven profile, IL-17F rather
seems to be induced under TGF-[3 containing differentiation
conditions.

Discussion

It is speculated that IL-17A is co-expressed with IL-17F in
different cell types. However, detailed studies using genetic
models to verify this hypothesis are missing. By crossing IL-
17A-IRES-GFP to IL-17F-IRES-RFP mice, we obtained IL-
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17AF double reporter mice (IL-1 7PR mice), which enabled us
a systematic expression analyses of these two cytokines
on the single cell level. We found that IL-17A and F are
only partially co-expressed and that highly inflammatory
settings like the CNS milieu in EAE favor expression of
IL-17A over F whereas TGF-f3 driven polarization led to
IL-17F co-expression.

To define the cytokine milieu for T cell polarization under
controlled settings, we differentiated Th17 cells in vitro using
IL-6 and either TGF-31 or IL-1f3, respectively, in the presence
or absence of IL-23. Interestingly, we observed that differen-
tiation of Th17 cells in the presence of TGF-31 led to higher
frequencies of IL-17F-RFP positive cells as compared to dif-
ferentiation with IL-1(3, which favored the differentiation of
IL-17A expressing Th17 cells. In both cases, addition of IL-23
increased the number of the respective Th17 cells. It was pre-
viously shown that in vitro differentiated Th17 cells using
TGF-f31 are not encephalitogenic, in contrast to IL-1f3 differ-
entiated Th17 cells. In both pathways, addition of IL-23 in-
creases their pathogenicity [32]. Moreover, IL-13 and 1L-23
signaling have been shown to be mandatory for disease path-
ogenesis [18, 32, 33]. In agreement, we found that the major-
ity of Th17 cells in the CNS of mice with EAE expressed only
IL-17A-eGFP.

Our in vitro differentiation data together with our findings
that T cells in the CNS of EAE mice rather express IL-17A
and not IL-17F let us conclude that expression of IL-17A and
not IL-17F is associated with encephalitogenic Th17 cells. In
contrast, differentiation of Th17 cells in the presence of
TGF-31 favored the generation of IL-17F expressing cells,
cells also found in vivo in the gut after anti-CD3 treatment.
As both of these conditions were shown to lead to the differ-
entiation of regulatory Th17 cells, our data suggests that ex-
pression of IL-17F is associated with these regulatory cells,
rather than with pathogenic Th17 cells. In line with our find-
ings, differentiation of CD4™ T cells with TGF-f1 alone to
induce iTreg cells was previously demonstrated to induce a
transient wave of IL-17F expression in a subpopulation of the
cells [26].

IL-17 has been shown to play a pivotal role in the gut of
naive mice where it acts on epithelial cells to maintain integ-
rity of the epithelium. Moreover, it was demonstrated that
systemic application of anti-CD3 antibodies triggers the gen-
eration of so called regulatory Th17 cells in the lamina
propria. These cells differ from “classical” Th17 cells in cy-
tokine expression and may inhibit the progression of EAE
when transferred into disease-induced recipient mice [25].
These cells have been shown to be dependent on TGF-{31
signaling [25] and therefore may rather represent the IL-
17A/F double positive Th17 cells found in the TGF-31/IL-6

differentiation protocol. Therefore, we were curious to ana-
lyze Th17 cells isolated from the lamina propria of PBS and
anti-CD3 injected IL-17°R mice. In PBS-injected mice, we
could already detect a significant proportion of T helper cells
being double positive for IL-17A and F. This population be-
came predominant after treatment with anti-CD3 antibodies.
Nevertheless, in both treated and untreated mice, we also
found a high number of IL-17A-eGFP single positive cells.
In summary, using this model being dependent on TGF-f31
signaling, we found high expression of IL-17F-RFP in gut
Th17 cells, which is in line with our results obtained by
in vitro differentiation of Th17 cells using TGF-1 and
IL-6. These data are in accordance with a specific expres-
sion of IL-17F in a rather immunosuppressive (TGF-f3
dominated) environment. Whether IL-17F may have a
specific role under such conditions needs to be investi-
gated in the future.

Antibodies neutralizing IL-17A are used for treatment of
psoriasis and may bind either to IL-17A homodimers or IL-
17A/F heterodimers. However, up to now, no antibody solely
targeting IL-17F is available. We found that in lymph nodes of
naive mice yd T cells express only IL-17A-eGFP in contrast
to yd T cells in the ears, which also secrete IL-17F.
Interestingly, upon induction of psoriasis-like disease, the ma-
jority of v T cells in the ears co-expressed both cytokines.
Recent findings indicate that a specific subset of y& T cells
establishes long-lived memory upon Imiquimod-induced der-
matitis. These memory cells express high levels of IL-17A
and F after reactivation and are highly pathogenic [48]. In
contrast to the EAE model, IL-17F seems to be constantly
expressed by yd T cells during inflammation. It has been
shown that IL-17F may trigger IL-6 production from epider-
mal keratinocytes and acts as neutrophil chemoattractant, thus
playing a pathogenic role. However, further studies using IL-
17F deficient mice are necessary to analyze its role in this
model.

Expression of IL-17A/F by dermal yd T cells in the skin
resembled very much the expression of those cytokines
recovered from the gut of Th17 cells after treatment with
anti-CD3. This may indicate that T cells at epithelial bor-
ders experience a similar cytokine profile, which may con-
tain TGF-f3 in addition to other locally induced cytokines.
The finding in naive mice that Tc17 cells rather expressed
IL-17F whereas Th17 and yd T cells of the latter animals
expressed rather IL-17A alone was surprising and needs
further investigation.

Interesting functional differences have been delineated for
IL-17A vs. IL-17F using mice deficient for either of the cyto-
kines subjected to different disease models [24]. In light of our
data, it is interesting to see that EAE depends on IL-17A
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expression while colitis on IL-17F expression [24]. Whether
our differential expression profiles of IL-17A and IL-17F in
different cell types, organs and disease models are indeed of
functional relevance in the investigated circumstances need to
be further addressed in the future.

Materials and methods
Mice

IL-17A-IRES-eGFP (MGI nomenclature: I117a™!-1F1v)
and IL-17F-IRES-RFP (MGI nomenclature: I117f™!cdon)
mice were generously provided by the group of Richard
Flavell and Chen Dong respectively and generated as
described [24, 25]. Homozygous mice of both strains were
crossed to each other to obtain heterozygous IL-17AF dou-
ble reporter mice. Mice of both sexes were used at an age
of 8-12 weeks of age and were housed under SPF
conditions.

Organ preparation

Single cell suspensions of LNs and spleen were prepared
non-enzymatically in Dulbecco’s phosphate-buffered sa-
line supplemented with 2% fetal calf serum. For isolation
of lymphocytes from the CNS, brain and spinal cord were
cut and digested for 20 min at 37 °C with 1 mg/ml colla-
genase I (Sigma) and 40 pg/ml DNase I (Roche) followed
by centrifugation in a Percoll gradient [49]. Lymphocytes
from the ears of mice were isolated by digestion in DPBS
(+/+) with 0.25 mg/ml Liberase and 40 pg/ml DNase I for
1 h at 37 °C. Preparation of lymphocytes from the small
intestine and colon of mice was performed as described
[50].

In vitro T cell differentiation

CD4" T cells were isolated from spleen and LNs by MACS
purification (Miltenyi Biotec) according to the manufacturer’s
protocol. Cells were cultured at 1 x 10° cells/well in 200 ul T
cell medium (TCM) (RPMI with 10% FCS, 2 mM L-Gln,
100 U/ml penicillin, 100 mg/ml streptomycin, | mM sodium
pyruvate, 50 mM 2-mercaptoethanol, 10 mM HEPES, and 1%
non-essential amino acids (MEM)) in 96-well plates. For
Th17 differentiation, 1 pug/ml «-CD3, 6 ng/ml x-CD28, and
10 pg/ml «-IFNy antibodies (BioXCell) with 2 ng/ml
TGF-$1 (R&D) or 50 ng/ml IL-13 (R&D), 5 ng/ml IL-6
(Promocell), and 20 ng/ml IL-23 (Miltenyi) were used. For
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each condition, technical replicates were used. Cells were cul-
tured at 37 °C with 5% CO, for 5 days.

Active EAE induction

Mice were immunized subcutaneously at the base of the tail
with 100 pg MOGg;s_ss peptide emulsified in CFA supple-
mented with 1.1 mg heat-inactivated Mycobacterium
tuberculosis. Along with immunization and at day 2, mice
were injected intraperitoneally (i.p.) with 200 ng of pertussis
toxin (Ptx) (Sigma-Aldrich) in PBS. Mice were scored for
signs of EAE as described [51].

Adoptive transfer EAE

Mice were immunized as described above except administra-
tion of Ptx. Ten days after immunization, spleen and lymph
node cells were prepared and cultured in T cell medium with
50 pg/ml MOG3s5_55, 10 pg/ml «-IFNvy antibodies
(BioXCell), and 10 ng/ml IL-23 (Miltenyi). Cells were cul-
tured for 4 days at 37 °C at 5% CO,. Afterwards, 5 x 10°
blasting cells were injected intravenously into RAG1 ™~ mice.
Ptx (200 ng) was administered i.p. along with transfer and
2 days post-transfer.

Anti-CD3 treatment

IL-17°R mice were treated i.p. with 20 pg anti-CD3 antibod-
ies in PBS for four consecutive days or received PBS without
antibodies as described (Esplugues E et al., 2011, Nature). The
mice were sacrificed and cells from the lamina propria were
isolated as described [52] and analyzed via flow cytometry
after treatment.

Induction of psoriasis-like dermatitis

Psoriasis-like dermatitis was induced by application of
5 mg Aldara cream containing 5% Imiquimod on the ears
for five consecutive days. Similarly, the back skin of mice
was treated with 50 mg of Aldara cream. After treatment,
mice were sacrificed and cells from the lymph nodes and
ear skin were isolated as described and analyzed via flow
cytometry.

Flow cytometry and cell sorting

Antibodies were purchased from eBioscience, BD, and
BioLegend. For some experiments, cells were activated for
4 h in TCM with 50 ng/ml phorbol-12-myristate-13-acetate
(PMA), 500 ng/ml ionomycin at 37 °C, and 5% CO,. All
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incubations were performed on ice or at 4 °C in the dark in PBS
containing 0.5% BSA and 0.02% NaNj. Prior to surface stain-

ing, cells were pretreated with 5 pg/ml FC-Block (BioXCell).
Staining of ILCs was performed using following panel:

Antigen Fluorochrome Dilution Clone Company
IL-17A eGFP - - -

IL-17F RFP — - -

IL-7Rx PerCpCy5.5 1/100 A7R34 eBio

CDh4 PeCy7 1/400 GK1.5 eBio

c-Kit APC 1/500 ACK2 eBio
CD45 APCCy7 1/200 104 eBio
CCR6 BV421 1/100 29-2L17 BioLegend
Lineage SA-V500 1/200 - BD

CD3 Biotin 1/600 145-2C11 eBio

GR1 Biotin 1/600 RB6-8C5 eBio
CD19 Biotin 1/100 MB19-1 eBio

CD5 Biotin 1/1000 53-7.3 eBio
Nk1.1 Biotin 1/200 PK136 eBio
KLRG1 Biotin 1/600 2F1 eBio
CDl1lc Biotin 1/100 HL3 eBio

B220 Biotin 1/1000 RA3-6B2 eBio
FceRI Biotin 1/300 MAR-1 eBio
F4/80 Biotin 1/300 BMS BioLegend
CDo64 Biotin 1/300 X54-5/7.1 BioLegend
TCRyd Biotin 1/400 GL3 BD

TCRB Biotin 1/200 H57-597 eBio
Nkp46 BV605 1/100 29A1.4 BioLegend
Statistics Mainz for excellent assistance with the flow cytometry. We thank

Statistical analysis was performed using GraphPad Prism.
Statistical significance was calculated using the unpaired
two-tailed ¢ test for two independent parameters. Differences
within paired values (ratios) between organs, such as, e.g.,
spleen and LNs in the same animals, were detected using
paired two-tailed # tests. For comparative analyses of three
groups, we used one-way ANOVA and performed post hoc
tests with Bonferroni correction. Distributions are visualized
by box plots. Based on the small sample sizes, the band inside
the box denotes the mean instead of the generally depicted
median. A p value <0.05 was considered as statistically sig-
nificant. Due to the number of hypotheses to be tested, an
adjustment for multiplicity was not feasible and this study is
to be considered as purely explorative. Therefore, statistical
tests and resulting p values can only be interpreted descrip-
tively and have no confirmatory value.
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