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ABSTRACT

Innate ¥4 T cells play critical roles in mucosal immunity such as regulating intestinal epithelial homeostasis.
In addition, y8 T cells are significantly increased in the inflamed mucosa of patients with ulcerative colitis.
However, 8 T cells are a heterogeneous population. IL-17-producing versus IFNy-producing y8 T cells play
differential roles in different disease settings. Therefore, dissecting the exact role of different subsets of y8
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T cells in colitis is essential for understanding colitis immunopathogenesis. In the current study, we found 8 T cells; colitis; IL-17;
that TCR é-deficient mice had a more severe dextran sodium sulfate (DSS)-induced colitis that was myeloid cells

reduced upon reconstitution of y8T17 cells but not IFNy-producing y8 T cells. Immunophenotyping of the
cellular infiltrate upon DSS-induced colitis showed a reduced infiltration of Gr-1TCD11b* myeloid cells
into the sites of inflammation in mice lacking y8T17 cells. Further experiments demonstrated that IL-17, IL-
18, and chemokine CXCL5 were critical in Gr-1TCD11b* myeloid cell recruitment. In vitro T cell suppressive
assay indicated that this Gr-17CD11b™ population was immunosuppressive. Depletion of Gr-1tCD11b*
myeloid cells resulted in an increase severity of DSS-induced colitis. Our study elucidates a new immune
pathway involving y8T17-dependent recruitment of Gr-1"CD11b* myeloid cells to the site of colitis

inflammation important in the protection of colitis initiation and progression.

Introduction

Inflammatory Bowel Disease (IBD) is a complex, multifactorial
disorder affecting over a million Americans each year.' IBD
ensues from a disruption of the epithelial cell barrier lining the
gastrointestinal (GI) tract resulting in a gut microbiota activated
immune system leading to chronic inflammation.” Two of the
most common IBD are Crohn’s disease and ulcerative colitis
(UC). Due to the bacterial load of the colon compared with the
small intestine, colitis is especially susceptible to immune activa-
tion and dysregulation due to microbial antigen overload from
epithelial barrier integrity failure. One immune cell constitu-
tively located and functional at the epithelial surface with the
primary responsibility of up keeping the barrier against antigens
of the gut lumen is innate y8 T cell. Previous studies show that
in inflammatory diseases driven by cytokines such as IL-17, y§ T
cells play a major role directing the immune response in addi-
tion to more conventional a8 T cells.>* Investigation into the
role of IL-17-producing y8 T cells (y8T17) in the immunopa-
thogenesis of colitis was necessary to determine whether these
cells help direct immune responses to gut inflammation possibly
leading to the discovery of new targets for therapeutic purposes.
The mucosal barrier separating billions of bacteria from the
vulnerable interstitial tissues and blood system surrounding the

lumen of the gut is protected by various factors. Perhaps the
most important component for a healthy colon is the symbiotic
relationship created between the gut immune system and the
healthy microflora.” IL-17-producing CD4* T cells (Th17) reg-
ulate and direct this system by stimulating epithelial cells
through IL-17 as well as other factors including acetylcholine
to secrete antimicrobial factors capable of shaping the micro-
flora population at the surface. The role of y8 T cells in pro-
tecting the colon from inflammation development leading to
colitis has similar parallels to Th17 cells.

y8 T cells at epithelial sites such as the intestinal lamina,
lungs, and skin make up a large portion of intraepithelial lym-
phocyte populations.””® y8T17 play pivotal roles in the regula-
tion and resolution of different inflammatory conditions at
these important interfaces, especially under acute settings.”"°
However, under chronic inflammatory processes y8T17 pro-
mote the progression of inflammatory diseases.”'"'* Studies so
far trying to ascertain the role 8 T cells in acute colitis have
used dextran sodium sulfate (DSS) induced intestinal inflam-
mation in TCR §-deficient mice. The lack of y8 T cells have
shown in multiple studies more severity in DSS-induced colitis.
They have shown y§ T cells support epithelial integrity through
induction of protective IgA responses, directly secreting
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keratinocyte growth factor (KGF) promoting epithelial cell
turnover and KC (GRO-1) leading to granulocyte infiltration
necessary for inflammation resolution.'>*

One caveat of these studies using complete y§ T cell defi-
cient mice is the open question as to whether y§T17 cells or
some other subset of y§ T such as IFNy-producing y§ T
cells are protective and if so by what mechanism. Whether
y8T17 cells rely upon direct interaction with intestinal epi-
thelial cells as mentioned previously'* or whether they inter-
act with other immune cells present in the colon during
colitis inflammation has yet to be determined. Tsuchiya
et al. showed total 8 T protection in colitis requires the
recruitment of granulocytes through GRO-1 secretion.'’
However, further investigation is needed in determining
whether these are neutrophils necessary for bacterial clear-
ance or whether they are immunosuppressive granulocytes
recruited by y8 T cells specifically to quail the overactive
inflammatory responses during colitis.

In the current study, we show that y8T17 cells are the
major resident y§ T population in the gut lamina propria.
TCR §-deficient mice have a more severe DSS-induced coli-
tis that is reduced upon reconstitution of y8T17 cells and
not IFNy-producing y8 T cells. Immunophenotyping of the
cellular infiltrate upon DSS-induced colitis shows a reduced
infiltration of Gr-1"CD11b* myeloid cells into the sites of
inflammation in mice lacking y8T17 cells. Further experi-
ments demonstrate that IL-17, IL-18, and chemokine
CXCL5 are critical in Gr-1"CD11b* myeloid cell recruit-
ment. In vitro T cell suppressive assay indicates that this Gr-
1*CD11b" population is immunosuppressive. Interestingly,
y$8 T cells from inflamed colon also show immunosuppres-
sive activity. Depletion of Gr-1"CD11b" myeloid cells leads
to an increase severity of DSS-induced mucosal ulceration.
Our study shown here elucidates a new immune pathway
involving y8T17-dependent recruitment of Gr-1"CDI11b*
myeloid cells to the site of colitis inflammation important in
the protection of colitis initiation and progression.

Results

Innate y§ T cells in LPL predominantly secrete IL-17
and are significantly increased in DSS-induced colon

Innate y8 T cells constitute approximately 3-5% of total
CD3* T cells in the colon LPL. The LPL 8 T cells preferen-
tially expressed Vy6 TCR. The total percentage of Vy6 was
as high as 80% of the total y§ T cells in LPL (Fig. la)
whereas Vy4 and Vyl y8 T cells took up approximately 5%
of total y8 T cells, respectively. Interestingly, af T cells were
primarily IFNy producers rather than IL-17. In contrast, y8
T cells in LPL produced large amounts of IL-17 with low
level of IFNy (Fig. 1b). Vy6 (80%) and Vy4 (20%) are the
main IL-17 producer while Vy1 did not secrete IL-17 (data
not shown). However, in the mesenteric lymph nodes
(mLN), ¥8 T cells constituted a small fraction of total T cells
and they predominately expressed IFNy with minimal IL-17
production, similar as a8 T cells (Fig. 1c). Upon DSS treat-
ment, y§ T cells were significantly expanded in LPL
(Fig. 1d). This is consistent with findings from human
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Figure 1. 8 T cells in the LPL predominantly express Vy6 and secrete IL-17 and
are significantly increased in DSS-induced colon. (A) yST cells in the LPL were
stained with Vy1, Vy4, and Vy6 mAbs and representative dot plots are shown. (B)
LPLs were stimulated with PMA-+ionomycin and intracellular IL-17 and IFNy stain-
ing was performed. (C) Single cell suspensions from mLNs were stimulated with
PMA+ionomycin and intracellular IL-17 and IFNy staining was performed. Cells
were gated on differential populations as indicated. (D) LPL from control and DSS-
treated mice were stained with CD3, pan y8TCR, and intracellular IL-17. Total y8T
cells and y8T17 cells were summarized. Each dot represents one mouse. (E) Groups
of mice (n = 5) were treated with or without DSS water for indicated time and
then killed. LPLs were stimulated with PMA-+ionomycin and then stained with
CD4 and y8 TCR mAbs and intracellular IL-17. Representative dot plots and sum-
marized percent of Th17 and y8T17 cells are shown. *p < 0.05, “*p < 0.01.

UC.'®" In addition, IL-17-producing y8 T cells (y8T17)
were also significantly increased (Fig. 1d). We further exam-
ined time kinetics of y§T17/Th17 cells in this model. As
shown in Fig. le, y§T17 cells were significantly increased
over the time, peaking at day 10, whereas Th17 cells were
only transiently increased at Dayl0. Taken together, we
show that innate 8§ T cells in LPL predominately produce
IL-17. In the acute inflammatory condition, both y§ T cells
and y8T17 cells are significantly increased.
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Figure 2. ¥5 T cells play a protective role in DSS-induced colitis. (A) WT and TCR §KO mice were treated with DSS water for 7 d. Colon tissues were collected for histological
examination. Representative slides and accumulative scores are shown. (B) Colon tissues were put into Trizol and RNAs were extracted. The mRNA expression levels of IL-18,
CXCL5, GM-CSF, and Arginase were measured by real-time PCR analysis. (C) Single cell suspensions from LPL of naive WT and TCR § KO mice were stained with CD11b and
Gr-1 mAbs. (D) Single cell suspensions from LPLs of WT and TCR & KO mice treated with DSS for 7 d were stained with CD11b and Gr-1 mAbs. Representative dot plots and
summarized frequencies of Gr-1tCD11b™ cells are shown. (E) Groups of WT mice (n = 5) were treated with anti-IL-17, anti-IL-18, anti-CXCL5 mAb or isotype control mAb at
days —2, 0, 2, and 5. Mice were fed with DSS water on day 0 for 7 d and then killed. LPLs were stained with Gr-1 and CD11b mAbs with viability dye. Representative dot plots
and absolute numbers from each group are shown. (F) Splenocytes from OT-1 mice were labeled with CFSE and then co-cultured with Gr-1tCD11b™ cells sorted from LPL of

DSS-treated WT mice at indicated ratios in the presence of OVA for 3 d. Cells were

stimulated with PMA+ionomycin and intracellular IFNy staining was performed. Cells

were gated on CD8 cells. Representative dot plots and summarized IFNy-producing CD8 T cells are shown. *p < 0.05, “*p < 0.01, ***p < 0.001.

Protective role of 5 T cells in DSS-induced colitis is
associated with Gr-1"CD11b* myeloid suppressor cells

We next examined the role of 8 T cells in DSS-induced colitis
using complete TCR § KO mice. Histological examination of

the colon from DSS-treated mice revealed that inflammation
characterized by inflammatory cellular infiltration and severe
mucosal erosion was more severe in TCR § KO mice as com-
pared with WT mice (Fig. 2a). Real-time (RT)-PCR analysis
indicated that chemokines IL-18 and CXCL5 were significantly
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lower in the colon of TCR § KO mice compared with those
from WT mice. GM-CSF mRNA level was also trending low in
TCR § KO mice. Furthermore, the mRNA level of Arginase
was also significantly decreased in TCR § KO mice compared
with WT mice (Fig. 2b). Since these chemokines are related to
myeloid cell migration and trafficking, we stained LPL prepara-
tions with Gr-1 and CDI11b mAbs. The frequency of Gr-
1"CD11b" myeloid cells was comparable in naive WT and
TCR § KO mice (Fig. 2c). Upon DSS treatment, Gr-1"CD11b™"

cells were significantly increased. However, the frequency of Gr-
1"CD11b™ cells was significantly less in the colon LPL of TCR §
KO mice compared with WT mice (Fig. 2d). To further examine
the effector molecules and their cellular sources during this pro-
cess, we sorted CD45 negative cells, CD45*Gr1"CD11b",
CD45" CD11b *Gr-17, and CD45*CD11b~Gr-1~ (see the gat-
ing strategy in the Fig. Sla) from DSS-treated mice. In addition,
neutralizing mAbs against IL-17, IL-18, and CXCL5 were
injected into DSS-treated WT mice. Isotype control mAb was
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Figure 3. IFNy-producing y$ T cells do not have a protective role in DSS-induced colitis. (A) CD27" 8 T cells sorted from spleen and LNs were expanded ex vivo for 6 d.
They predominately express CD27 and produce IFNy but not IL-17. (B) Ex vivo expanded CD27" 18 T cells were adoptively transferred into TCR 8 KO mice. y8 T cell and
CD27 staining in LPL, mLN, body LN, and spleen was shown. (C) Mice transferred with or without CD27* 8 T cells were fed with DSS for 7 d. Representative histological
slides and accumulative scores are shown. (D) Representative dot plots of Gr-1 and CD11b in LPL are shown. (E) Representative dot plots of Gr-1 and CD11b in mLN are

shown.
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Figure 4. Mice reconstituted with y3T17 cells have milder colitis. (A and B) Neonatal thymocytes from WT mice were transferred into lethally irradiated TCR §KO mice fol-
lowing BM cell transfer from TCR § KO mice. Mice were reconstituted for at least eight weeks. Mice with BM cell transfer alone were used as control. 8T cell and intracel-
lular IL-17 and IFNy staining was performed in mLN (A) and LPL (B), respectively. (C) Reconstituted mice were fed with DSS water for 7 d. Representative histological
slides and accumulative scores are shown. (D) Representative dot plots of Gr-1 and CD11b staining in LPL are shown. (E) Splenocytes from OT-1 mice were labeled with
CFSE and then co-cultured with 8 T cells sorted from LPL of DSS-treated WT mice (day 7) in the presence of OVA for 3 d. Cells were stimulated with PMA-+ionomycin
and intracellular IFNy staining was performed. Cells were gated on CD8™ cells. Representative dot plots and summarized IFNy-producing CD8 T cells are shown. (F) LPLs
from DSS-treated mice were stained with CD3, CD4, 1§ TCR, and intracellular galectin-1 and galectin-9. Summarized percentages of galctin-1 or galectin-9-positive CD4

or ¥8 T cells are shown. “p < 0.05, **p < 0.01.

used as control. As shown in the Fig. Sla, IL-18 could be pro-
duced by all four cellular populations, while CXCL5 was pre-
dominately produced by CD45 negative cells and
CD457CD11b ™ Gr-1" cells. To examine whether neutralizing IL-
18 impacts on IL-17 and CXCL5 production, we evaluated

y8T17 and Th17 cells in these mice as well as CXCL5 expres-
sion. As shown in the Fig. S1b, neutralizing IL-18 did not signifi-
cantly influence Th17 and y8T17 cells. The CXCL5 mRNA level
was not significantly impacted either. In contrast, neutralizing
IL-17 did significantly decrease IL-18 mRNA expression in Gr-
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Figure 5. Rictor-deficiency significantly reduces y8T17 cells and abrogates y8T-cell mediated protective activity in DSS-induced colitis. (A) 38T cell staining in LPL of con-
trol and Rictor cKO mice. (B) Single cell suspensions from LP were stimulated with PMA-+ionomycin and intracellular IL-17 staining was performed. Representative dot
plots and summarized y3T17 percentages are shown. (C) Mice reconstituted with neonatal thymocytes from Rictor control or cKO mice were fed with DSS water for 7 d.
Representative histological slides and accumulative scores are shown. (D) Representative dot plots of Gr-1 and CD11b staining and summarized Gr-17CD11b™ myeloid

cells in LPL of DSS-treated mice are shown. *p < 0.05, ***p < 0.001.

17CD11b" cells and CD45-negative cells while CXCL5 mRNA
expression level was not significantly altered. In addition, neu-
tralizing IL-17, IL-18, and CXCL™5 significantly reduced Gr-
1"CD11b" myeloid cell percentage and absolute number
(Fig. 2e), suggesting that these molecules play important roles in
Gr-1"CD11b™ myeloid cell recruitment in the gut.
Gr-1"CD11b* myeloid-derived cells in tumors are potent
immunosuppressive cells on effector T cells.'®'” To examine
whether these Gr-1"CD11b* myeloid cells have similar immu-
nosuppressive function, we sorted Gr-1"CD11b™* cells from the
colon LPL of DSS-treated mice and then co-cultured with
CFSE-labeled splenotyes from CD8" OVA Tg mice. Although
CD8" T cell proliferation was not altered by the addition of
Gr-1"CD11b"* myeloid cells, IFNy production by CD8" T cells
was significantly decreased in the presence of Gr-1"CD11b™"
myeloid cells (Fig. 2f). In addition, Gr-1"CD11b"* myeloid cells
from WT mice and TCR § KO mice had comparable inhibitory
effect on IFNy production by CD8* T cells (data not shown).

To examine whether Gr-1"CD11b* myeloid cells are bone-fide
suppressive cells in the gut, we sorted these cells from naive
mice and performed T cell suppressive assay. As shown in the
Fig. S2, Gr-1"CD11b" myeloid cells from naive mice did not
show any suppressive activity, implying these cells are educated
by the microenvironment and become suppressive myeloid
cells. Taken together, these findings suggest that innate y§ T
cells have a protective role in DSS-induced colitis. This effect
may be related to Gr-1"CD11b™ suppressive myeloid cells.

IFNy-producing y§ T cells are not essential in DSS-induced
colitis

Although y8 T cells in the LPL predominately produce IL-17, a
small fraction of y8 T cells (approximately 5%) did produce
IENy. To examine whether IFNy-producing y§ T cells are pro-
tective, we ex vivo expanded these CD27% IFNy-producing y§
T cells (Fig. 3a) and then adoptively transferred into TCR § KO
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Figure 6. Depletion of Gr-1-+CD11b+ myeloid cells induces severe disease in DSS-induced colitis. (A) WT mice were treated with anti-Gr-1 or isotype control mAb. Repre-
sentative dot plots show that anti-Gr-1 effectively depleted this subset from LPL, mLN and periphery. (B) Mice injected with Gr-1 or isotype mAb were fed with DSS water
for 7 d. Representative histological slides show less inflammatory cell infiltration in Gr-1 depleted mice. Summarized inflammatory cell infiltration scores are shown. (C)
Representative histological slides show severe mucosal erosion and ulceration in Gr-1 depleted mice. Summarized ulceration scores are shown. “p < 0.05.

mice. As indicated in Fig. 3b, transferred y§ T cells were readily
seen in the LPL, mLN, body LN, and spleens and predomi-
nately expressed CD27. However, upon DSS treatment, histo-
logical examination of the colon in IFNy-producing y8 T cell-
transferred mice showed comparable inflammation severity as
compared with non-transferred mice. In addition, the fre-
quency of Gr-1"CD11b" myeloid cells was not altered in the
LPL (Fig. 3d) and in the mLN (Fig. 3e) in mice transferred with
or without IFNy-producing y§ T cells. These findings suggest
that IFNy-producing y8 T cells do not appear to have a protec-
tive role in DSS-induced colitis.

IL-17-producing y$ T cells play a protective role in DSS-
induced colitis

We next examined whether IL-17-producing y8 T cells have a
protective role in DSS-induced colitis. To achieve this goal, we
used our previously reported neonatal thymocyte/bone marrow
(BM) chimeric mouse model,*® in which IL-17-producing y§ T
cells are predominately reconstituted. We used neonatal

thymocytes from WT mice and adoptively transferred these
cells into TCR 8 KO mice as recipient mice followed by admin-
istration of BM cells from § KO mice. In thymocytes/BM chi-
meric mice, y§ T cells were fully reconstituted and
predominately produced IL-17 in both mLN and LPL (Fig. 4a
and b). As expected, TCR 8 KO recipient mice reconstituted
with BM from TCR 8§ KO mice did not have 8 T cells. We
then treated these mice with DSS for 7 d to induce inflamma-
tory colitis. As shown in Fig. 4c, mice reconstituted with BM
cells alone had much severe mucosal erosion and inflammatory
cellular infiltration as compared with mice reconstituted with
IL-17-producing y§ T cells. This was also associated with sig-
nificantly decreased frequency of Gr-1"CD11b" myeloid cells
in mice reconstituted with BM alone (Fig. 4d).

Previous studies have shown that there is the reciprocal
effect between myeloid-derived suppressor cells (MDSC) and
¥8 T cells.*! Exposure of y8 T cells to MDSC is sufficient to
drive 8 T cells to become immunosuppressive cells. To exam-
ine this possibility, y8 T cells were sorted from inflamed gut to
performed effector T cell suppressive assay. Indeed, y§ T cells
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from DSS-treated mice (day 7) showed suppressive activity
(Fig. 4e). However, intracellular galectin-1 and galectin-9 levels
were not significantly altered in y8 T cells and CD4*" T cells
upon DSS treatment (Fig. 4f). Taken together, these data sug-
gest that y§T17 cells in LPL exhibit a protective role in DSS-
induced colitis associated with increased Gr-1"CD11b* mye-
loid suppressor cells. In addition, these y§ T cells also show
immunosuppressive activity.

Decreased IL-17 production from y$ T cells of Rictor cKO
mice ameliorates protective effect of y5T17 cells

To examine whether IL-17 production from y§ T cells is critical
in y8T17-mediated protective role in DSS-induced colitis, we
used Rictor control and cKO mice. In CD2-cre Rictor cKO
mice, we found that although total 8 T cells in the LPL were
not changed in Rictor ¢KO compared with control mice
(Fig. 5a), y8T17 cells were significantly decreased in Rictor
cKO mice (Fig. 5b). We then used neonatal thymocytes from
Rictor control and Rictor cKO mice and BM cells from TCR §
KO mice to establish chimeric mice with TCR § KO mice as
recipient mice. In this model, only y8T17 cells were from Rictor
control or cKO mice, all other cell components were the same.
Analysis of chimeric mice indeed showed significantly
decreased y8T17 cells (data not shown). These chimeric mice
were treated with DSS for 7 d to induce colitis. As shown in
Fig. 5¢, TCR 6KO mice reconstituted with Rictor control neo-
natal thymocytes had significantly less pathology (mucosal ero-
sion and thickened muscular layer) as compared with mice
reconstituted with Rictor cKO neonatal thymocytes. The sever-
ity of pathology in Rictor cKO neonatal thymocyte reconsti-
tuted mice was correlated with decreased frequency of Gr-
1*CD11b* myeloid cells (Fig. 5d), further suggesting that
y8T17 cells play a critical role in DSS-induced colitis.

Depletion of Gr-1"CD11b* myeloid cells promotes DSS-
induced colitis

It appears that Gr-1"CD11b" myeloid cells play a critical role
in y8T17 cells-mediated protective roles in DSS-induced colitis.
We reasoned that depletion of Gr-1"CD11b* myeloid cells
might abrogate this protective role. To this end, we injected
anti-Gr-1 to deplete Gr-1"CD11b* myeloid cells. As shown in
Fig. 6a, Gr-1 mAb effectively depleted this subset from PB,
LPL, and mLN (Fig. 6a). We then treated these mice with DSS
to induce colitis. As expected, depletion of Gr-1"CD11b™ cells
decreased cellular infiltrates as indicated by histological exami-
nation (Fig. 6b). However, colonic ulceration was significantly
enhanced in these mice (Fig. 6¢), suggesting that Gr-1"CD11b*
myeloid cells suppress DSS-induced colonic inflammation.

Discussion

y8 T cells in the colon LPL have previously been shown to play a
direct, unique role in regulating the epithelial integrity and initi-
ating repair mechanisms after DSS-induced colitis.”* As cells of
the innate immune response, y8 T cells are often studied and
cited for their direct effector responses such as the secretion of
growth factors or the direct killing of tumor cells.”> In the last

few years, more studies are showing that y§ T cells even innate
like, professional IL-17 producers (y§T17) can regulate the
immune response and direct other effector cells in complex
inter-cellular immune networks.'>** In colitis, 8 T cells have
been shown to help regulate the IgA protective responses against
oral antigens which play a role in colitis development.'* During
colitis inflammation, y8 T cells communicate with epithelial
cells and regulate their release of chemokines such as GRO-1
necessary for the influx of granulocytes responsible for helping
to repair damaged tissue.'” Determining whether in colitis, y§ T
cells and specifically the predominant y6T17 population helps
regulate and directs other immune cell components is essential
in understanding the disease’s pathophysiology and resolution.
Our results show that y8T17 cells are a major y8 T cell com-
ponent of the lamina propria where immune infiltration during
colitis inflammation is a hallmark of disease development and
progression. In the absence of y8 T cells, DSS-induced colitis is
more severe with a reduction in tissue mRNA levels for Argi-
nase-1, IL-18, CXCL5, and GM-CSF. These molecules are asso-
ciated with protection against DSS-induced  colitis
progression.”>*® After ex vivo expansion and adoptive transfer
of IFNy producing y8 T cells into DSS-induced colitis model in
TCR § KO mice, we show that the IFNy subset of y§ T cells
does not play a protective role in acute colitis development.
However, in the absence of y§T17 cells, as shown in our thymo-
cyte plus BM or BM alone reconstitution models treated with
DSS, acute colitis development is more severe with a drastic
drop of Gr-1"CD11b" suppressive myeloid cells. It is worth
noting that IL-17-producing y8 T cells are reconstituted from
neonatal thymocytes whereas IFNy-producing y8 T cells are ex
vivo expanded. Thus, the functional difference could be due to
different reconstitution approaches although it is unlikely. Our
previous studies have shown that Rictor deficiency specifically
in T cells and B cells has a dramatic effect on the ability of
y8T17 cells to produce IL-17. Using control and Rictor defi-
cient thymocytes plus BM for reconstitution, we specifically
show that y8T17 cells are essential for the protective effect of
y8 T cells against DSS-induced colitis. These studies also show
a specific correlation between the presence of y§T17 cells and
Gr-17CD11b" suppressive myeloid cells suggesting that y§T17
are necessary for the infiltration of the suppressive myeloid cell
population into the DSS induced inflammatory site. This
notion is further supported by the data showing that depletion
of Gr-1"CD11b* myeloid cells results in more severe disease.
Our finding proposes a new regulatory pathway involving the
activation and effector function of y8T17 cells in producing fac-
tors associated with the recruitment of Gr-1*CD11b™ myeloid
suppressor cells. MDSC are capable of inhibiting inflammatory
cells responsible for driving colitis development, including
IFNy-producing CD8" T cells.”” Gr-1"CD11b" myeloid cells
can suppress inflammatory T cell responses through the produc-
tion of Arginase 1, which is important in breaking down argi-
nine, a critical amino acid for effector T cell energy.*® Reduction
in IL-18 found in TCR § KO mice and the correlation with
increase disease severity supports previous studies showing the
protective role of inflammasomes and IL-18 responses against
colitis and gut homeostasis.”"** The mechanism of this protec-
tion could be related to how IL-18 signaling on MDSCs enhan-
ces the MDSC’s suppression of T effector cells.”” IL-18 signaling



on epithelial cells directly, however, produces an opposite phe-
notypic effect by promoting intestinal inflammation and colitis
development.** GM-CSF is a key cytokine needed for the devel-
opment and regulation of granulocytes.*® In the human colon, it
has been shown y§T17 cells are co-producers of GM-CSF at
very high levels."” Deficiency of y8 T cells in the colon in this
study shows a strong correlation with reduction in Arginase 1,
GM-CSF, CXCL5 and IL-18 suggesting that y§T17 cells are
capable of directly regulating Gr-1"CD11b™ myeloid cells in
both numbers as well as their suppressive function. In addition,
some of these cytokines/chemokines are critical in Gr-
1*CD11b* myeloid cell recruitment as neutralizing mAbs
against IL-17/IL-18/CXCLS5 significantly decrease MDSC accu-
mulation in the inflamed gut. By looking at suppressive activity
in vitro using Gr-1*CD11b™ myeloid cells sorted from WT and
TCR § KO mice after DSS treatment, the data shows no different
in suppressive activity on a cellular basis; however, the reduced
numbers of the myeloid cell population correlates with decrease
in transcript levels for Arginase 1.

Previous studies have shown that MDSC and 8 T cells are
reciprocally regulated.”' y8 T cells within the tumor microenvi-
ronment are also reported to have Treg-like function.”*>* We
show here that y8 T cells from inflamed gut gain an immuno-
suppressive function. Previous studies showed that granulocytic
MDSC drive immunosuppressive y3 T cell phenotype via pro-
duction of galectin-1 by 8 T cells.”' However, the intracellular
levels of galectin-1 and galectin-9 from y8 T cells are not signif-
icantly different between naive mice and DSS-treated mice. y§
T cells in colon can be activated and polarized toward IL-17
production by inflammatory DCs via secretion of IL-18 and
IL-23."% Indeed the mRNA levels of IL-14 and IL-23 are signifi-
cantly increased upon DSS treatment although only IL-18
mRNA level is significantly decreased in TCR KO mice as
compared with WT mice (data not shown). As we reported
previously, IL-18 is essential for y8T17 cell proliferation and
expansion.’” In addition, bacterial products and microbiota
have already been shown to be important in regulating y8 T17
responses in human colorectal and lung cancer.'>* In addition,
the gut microbiota play a critical role in the pathophysiology of
IBD.*° Thus, the relationship among the gut microbiota, y§
T17 cell activation, and colitis immunopathogenesis needs to
be determined in the future.

More and more studies suggest that the inflammation asso-
ciated with colitis is directly linked to intestinal carcinoma
development and progression.*"** Suppressive myeloid cells
such as the Gr-1"CD11b" cells studied here appear to be pro-
tective against acute, severe colitis inflammation; however,
these cells might be important in neoplasia development in
more chronic colitis models.*® In addition, y8 T cells interact
with MDSC become immunosuppressive, further amplifying
this immunosuppressive loop. Our model suggests that sup-
pressive myeloid cell populations that are important in resolv-
ing inflammation associated with colitis in chronic cases could
actually lead to the suppression of effector T cells needed to kill
off neoplastic cancer cell formation. More investigation is
needed to determine whether in chronic inflammatory condi-
tions whether these Gr-1"CD11b™ cells are precursor cells to
MDSCs important in cancer development and progression.
Our studies show that y8T17 cells, directly through IL-17 and
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other factors, are important in the recruitment of suppressive
Gr-17CD11b"* myeloid cells to the site of inflammation in coli-
tis. Therefore, Y8T17 cells need to be studied as a potential
therapeutic target with potent abilities to promote inflamma-
tion resolution under acute settings. However, a fine line must
be recognized as acute colitis inflammation approaches chronic
considering y8T17 cells have extraordinary abilities to promote
immunosuppressive responses responsible for driving colon
cancer development and progression.'>**

Materials and methods
Mice

For the comparison experiments, WT and TCR §-deficient (§
KO) mice on C57BL/6 background were home bred in the
same animal facility. For other experiments, C57BL/6 mice
were from the Jackson laboratory. CD2-cre mice and Rictor
flox/flox mice were also from the Jackson laboratory and bred in
our facility to generate CD2-cre™Rictor"™°* conditional KO
(cKO) mice. OVA TCR Tg OT-I mice were from Taconic. All
animals were housed and treated with autoclaved food and
water in the animal facility of University of Louisville, accord-
ing to institutional guidelines and approved by the IACUC of
University of Louisville.

Colonic lamina proprial lymphocyte (LPL) preparation

Large intestine between cecum and anal verge was cut out and
open longitudinally. Tissues were washed with cold PBS to
remove the fecal and then were cut cross-sectionally into 0.5-
1 cm long pieces and then mixed with 15 mL pre-warmed PBS/
FCS/EDTA in the shaker at 37 °C for 15 min. The supernatants
were discarded and pellets were washed with RPMI complete
medium. The colon pieces were then transferred to a new tube
and digested with collagenase type IV for 40 min. All the con-
tents were passed through a cell strainer. LPLs were obtained
using the 40/80 Percoll centrifugation.

CD27" y§ T cells in vitro culture and adoptive transfer

The whole spleen and lymph nodes of C57BL/6 mice were
processed for a single cell suspension and CD27% y§ T cells
were sorted by MoFlo high-speed sorter and then added into
24-well plate pre-coated with CD3 mAb in the presence of IL-2
(10 ng/mL) and IL-7 (10 ng/mL). Cells were harvested on day 7
and CD27" y8 T cells (4 x 10°/mouse) were adoptively trans-
ferred to Terd ™'~ mice.

Flow cytometry analysis and intracellular staining

Fluorochrome-labeled mAbs, including mouse y§ TCR (clone
GL3), Vy4 (clone UC3-10A6), Vy1 (clone 2.11), CD27 (clone
LG.3A10), Gr-1 (clone RB6-8C5), CDI11b (clone M1/70),
CD8%a (clone 53-6.7), IL-17A (clone TC11-18H10.1), IFNy
(clone XMG1.2), GM-CSF (clone MPI-22E9), galectin-9 (clone
108A2) were obtained from Biolegend. Anti-galectin-1 was
purchased from R&D. Anti-mouse Vy6 (clone 17D1) was pro-
vided by Dr. Tigelaar (Department of Dermatology, Yale
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University). For intracellular cytokine staining, cells were first
blocked with anti-CD16/32 (clone 2.4G2) and then stained
with different cell surface antibodies (Abs). Cells were then
fixed, permeabilized and stained intracellularly for IL-17, IFNy,
GM-CSF, galectin-1, and galectin-9. The relevant isotype con-
trol mAbs and viability dye were also used. Samples were har-
vested with BD FACS Canto (Becton Dickinson, San Jose, CA,
USA) and analyzed with FlowJo software (TreeStar).

Establishment of DSS-induced colitis mouse model

Mice were fed with autoclaved drinking water with 3% DSS,
36,000-50,000 M.Wt. MP Biomedicals) for 7 d or different
days as indicated. Mice were then killed and tissues were col-
lected for analysis. In some experiments, mice were treated
with anti-IL-17 (MM17F3, purified from serum-free culture
medium, 100 ug/mouse each time), anti-CXCL5 (Leinco Tech-
nology, 30 pg/mouse each time), anti-IL-18 (BioX Cell,
100 ng/mouse each time), and isotype control mAb (BioX Cell,
100 pg/mouse each time) on days —2, 0, 2, and 5. Mice were
fed with DSS water on day 0 for 7 d.

Neonatal thymocytes/bone marrow (BM) reconstitution

The detailed protocol was described previously.”® In brief,
recipient TCR § KO mice were lethally irradiated with 950 cGy
and then were intravenously transferred with 1.5 x 107 neonatal
thymocytes from WT, Rictor control, or Rictor cKO mice. After
24 h, the recipient mice received 6 x 10° BM cells from TCR §
KO mice. Neonatal thymocytes used in all experiments were
taken from pups born within 48h. All chimeric mice were
allowed to reconstitute for at least eight weeks before
experiments.

In vitro T cell suppressive assay

Gr-1TCD11b" cells and y8 T cells were sorted from LP of mice
treated with DSS water for one week or from naive mice and
then co-cultured with CFSE-labeled splenocytes from OT-I
mice in the presence of OVA for 3 d. Cells were restimulated
with PMA plus ionomycin for 6 h and then surface stained
with CD8™ followed by intracellular IFNy staining.

RNA extraction and real-time quantitative PCR analysis

RNAs were isolated using a Qiagen RNeasy kit. After reverse
transcription into cDNA, qPCR was performed on Bio-Rad
MyiQ single color RT-PCR detection system using SYBR
Green Supermix (Bio-Rad) and gene-specific primers were
listed as follows:

B-MG: 5'-CTTTCTGGTGCTTGTCTC-3'; 5-TCAGTATGTTCGGC
TTCC-3

Argl: 5¥-TTTTAGGGTTACGGCCGGTG-3'; 5-CCTCGAGGCTGT
CCTTTTGA-3

IL-18: 5'-GGAGACCTGGAATCAGACAAC-3; 5-GGGTTCACTG
GCACTTTG-3

CXCL5: 5-TGCCCTACGGTGGAAGTCAT-3; 5-AGCTTTCTTTT
TGTCACTGCCC-3

GM-CSF: 5'-CCTGTCACGTTGAATGAAGAG-3'; 5-GGCAG-
TATGTCTGGTAGTAGC-3

IL-18: 5-GCCACCTTTTGACAGTGATGAG-3; 5-GACAGCC-
CAGGTCAAAGGTT-3

IL-22: 5'~ATACATCGTCAACCGCACCTTT-3"; 5-AGCCGGA-
CATCTGTGTTGTTAT-3

IL-23p19: 5'-TATCCAGTGTGAAGATGGTTGTG-3'; 5-CAC-
TAAGGGCTCAGTCAGAGTTG-3

Targeted gene expression level was normalized to S—2
microglobulin (8-MG) housekeeping gene and data were
shown as fold changes by the 2—AACt method, where ACt =
Ct target gene__ (ot B-MG and AACt = ACt induced_ACt reference.

Colon histological staining and pathology scoring

For histology analysis, colon samples were fixed in 10% formalin.
Paraffin embedded blocks were sectioned and stained with hema-
toxylin and eosin (H&E). H&E stained colonic tissue slides were
scored by a blinded pathologist using a previously published sys-
tem® for the following measures: crypt distortion (normal, 0 —
severe crypt distortion with loss of entire crypts, 3), degree of
inflammatory cell infiltration (normal, 0 - dense inflammatory
infiltrate, 3), muscle thickening (base of crypt sits on the muscula-
ris mucosae, 0 — marked muscle thickening present, 3), goblet cell
depletion (absent, 0 — present, 1) crypt abscess (absent, 0 — present,
1) and ulceration (0 - severe ulceration, 3). The total histological
damage score was the sum of each individual score.

Gr-1" cell depletion in vivo

Depletion of Gr-17 cells was performed by i.p. injection of the
anti-Gr-1 mAb (RB6-8C5, BioXCell) at a dose of 100 g in
100 uL PBS on days —1, 2, 4, 6 of the 7 d of DSS treatment.
Control mice received corresponding isotype mAb.

Statistical analysis

All quantitative data were shown as mean =+ s.e.m. unless oth-
erwise indicated. All samples were compared using unpaired
Student’s T-test. A p value <0.05 was considered significant.
Statistical analysis was performed with GraphPad Prism
software.
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