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The drug targets IL23 and IL12 regulate pathogenicity and pkticity of intestinal
Thl7 cells in Crohn's disease (CD) and ulcerative colitis @), the two most

common inammatory bowel diseases (IBD). However, studiesexamining Thl7

dysregulation in mesenteric lymph nodes (mLNs) of these pants are rare. We
showed that in mLNs, CD could be distinguished from UC by in@ased frequencies
of CCR6°CXCR3 RORgCThet CD4C (Th17) memory T cells enriched in CD62¢W

effector memory T cells (Ev), and their differentially expressed molecular pro le.
Thl7 Tgm cells (expressing IL17A, IL17F, RORC,and STATJ displayed a higher
pathogenic/cytotoxic (L23R, IL18RAPand GZMB, CD160, PRF1) gene signature in CD
relative to UC, while non-pathogenic/regulatory genedl(9, FOXP3, CTLAJ were more

elevated in UC. In both CD and UC, IL12 but not IL23, augmentedFNg expression

in Th17 Tgym and switched their molecular pro le toward an ex-Th1l7 (Thl)-biased

transcriptomic signature (increasedFNG, and decreased TCF7, IL17A, suggesting that
Th17 plasticity occurs in mLNs before their recruitment toniamed colon. We propose

that differences observed between Th17 cell frequencies ahtheir molecular pro le in

CD and UC might have implications in understanding diseasegihogenesis, and thus,
therapeutic management of patients with IBD.

Keywords: Th17 cells, mesenteric lymph nodes, in ammatory bowe | disease, human, plasticity

INTRODUCTION

Lymph nodes (LNs) are the key sites to initiate an e ector reggand generate memory T cells.
However, human lymphoid tissue samples available for resemels quite limited. Recent studies
examined several organs of deceased healthy donors, wkieméed our knowledge on T cell
compartmentalization throughout the body under homeostawnditions (, 2). Naive vs. memory
CD4C T cell balance shifts with age, with memory cells gaining bers in adulthood in mucosal
and lymphoid tissues3). Mesenteric lymph nodes (mLNs) home gut migratory DCs thatatie
the type of helper T (Th) responses by driving naive T cell padaidn toward Thl, Th2, Th9, Th17,

T follicular helper (Tfh) or regulatory T (£g) cells, each specialized in immunogenic or tolerogenic
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immune responses4]. Migratory DCs further induce the studies according to the gating strategy depicted in
expression of gut homing receptors such as CCRS%dh7 Figure 2A.  Transcriptomic  studies examined sorted
on antigen-specic T cells, which enable their return to the CCR& CXCR3 CD62L°"CD45RCG CD45RA CD25 CD8 CD4C
intestine ). MLNs are thus considered a primary site for T cells treated in the absence or presence of IL12. Cell isplat
generation of mucosal Th responses, including Th17 celtsttea was performed using FACS Aria Il cell sorter and data were
important contributors to gut homeostasis. Indeed, an esaén analyzed using FACS Diva 6 (BD Biosciences).
role was demonstrated for murine mLNs in the generation ofpro  The three puried CD# T cell subsets were stimulated
in ammatory IL17ACCD4C T cells that are found in the small with anti-CD3/CD28 beads (Miltenyi Biotec) and cultured tvit
intestine @). However, Takebayashi et al. found that absence ar without IL12 (20ng/ml, R&D system) or IL23 (10 ng/ml,
mLNs did not a ect IL17 cytokine production by CO4T cells R&D system) for 6 days. Cultures were performed in RPMI
isolated from the colonic lamina propria in murine IBD models 1640 medium supplemented with 10% fetal calf serum and
(7). Furthermore, it is proposed that Th17 cells are generated% penicillin/streptomycin; 20,000-50,000 cells per well. For
in the gut and rarely observed in mLNs and Peyer's patchdgtracytoplasmic staining, PMA-ionomycin was added for 6 h in
(8). Studies investigating Th cells in mLNs of patients withcell cultures and Brefeldin A for the last 3h, cells were then
in ammatory bowel diseases (IBD) remain scaréel?). xed and stained with CD3 monoclonal antibody followed by
Crohn's disease (CD) and ulcerative colitis (UC) are thentracytoplasmic staining for IL17 and IFN
two most frequent chronic, remitting and relapsing IBD forms
(13). Both diseases share common features but are distinct
entities with CD developing in the entire gastrointestineddt ~ NanoString

and UC in colon and rectum. The immune mechanisms thatNanoString was performed at the LDI Molecular Pathology
govern UC and CD disease process include the recruitmergesearch Core. RNA was isolated using the NucleoSpin RNA
of pathogenic Th17 cells in the gut. Pathogenicity of mucosalytraction protocol followed by nCounter Low RNA Input
Th17 cells is not de ned by IL17 secretiqrer sebut rather by Ampli cation Protocol (nanoString).

their plastic nature, a hallmark of IBD1{). Th17 conversion Dierential gene expression was assessed using the
to ex-Th17 (Thl) is predominantly controlled by two pro- NanoString Human Immunology v2 panel according to the
in ammatory cytokines IL12 and IL23 that share a commonmanyfacturer's speci cations. In brief, ampli ed RNA was used
p40 chain (9. Yet, the potential contribution of MLNs to for Sample Preparation. The samples were then processed with
the generation of pre-committed pathogenic Th17 cells duringhe nCounter Preparation Station to purify the hybridizeddats
intestinal in ammation in CD and UC remains to be inVeStigdte and a x them to the Cartridge for |mag|ng using the nCounter

In the present study, we examined the distribution of memorypjgital Analyzer (CCD camera). Barcodes were counted fohea
Th17 cells in the mLNs of UC and CD patients, their moleculartarget molecule at High Resolution.

characteristics, and determined their plasticity in respons
IL12 and IL23.

NanoString Statistical Analysis
MATERIALS AND METHODS The mRNA expression matrix for 583 genes was normalized
. using a list of house-keeping genes includihBCF1, ALAS1,
UIEJI\rIQavCeSa“r(::)(lzlgtl:tft?r::c?rLeiurgical resections. This studEEFlG’ GEPD, GUSB, HTPRTL, OAZL, POLR2A, PPIA, RPL19,
included 25 patients with CD and 9 patients with UC BP, TUBB However, it excluded5APDH for having a high

linical inf i s sh in Suool tarv Tabl expression SD in our dataset. Subsequent PCA analysisedveal
(c inical information IS shown In supplementary fable 1 that the house-keeping normalized data was primarily clustere
N_o hls_tologlcal <_jata or bacterial infections suggested %y diseases (UC and CD) which is of biological signi cance.
di erential diagnosis. In order to validate the inclusion of a patient covariable in
: : . the association model, we performed normalization using the
Cell Puri C.atlon and An.alySIS . . R program (7): R limma (18 and EdgeR 19, 20) library that
MLNSs were digested mechanically to obtain cellular SUSpesSIon, . 4 the e ect of the patient identity on the PCA expression
(11). Antibodies used for ow cytometry are listed in - .
Supplementary Table 2 Their  respective  Fluorescence pattern. The resulting PCA analysis graph showed the samples

: . .~ being clustered by conditions (control and IL12) for whicke w
minus one (FMO) or isotype controls are shown in .
want to analyze the expression.

Supplementary Figure 1FCS Express 6 (DeNovo Software) or . . . . . .
-SNE (-Distributed Stochastic Neighbor Embedding) plugin __% &1 €7en18) expression analysis was done with the R fimma
available in FlowJo version 10.5.3 (FlowJo, LL1E) (vere used P g '

for data analysis. 1. ContUC vs. ContCD (Di erential expression analysis between
Control samples from UC and CD)

Cell Sorting and Culture 2. IL12CD vs. ContCD (Di erent expression analysis between

CD621'°CD45RCG CD45RA CD25 CD8 CD4C T IL12 stimulated cell vs. control for CD)

cell subsets: CCREXCR3, CCR&CXCR¥F, and 3. 1L12UC vs. ContUC (Dierent expression analysis between
CCR6 CXCR¥ were FACS sorted for functional IL12 stimulated cell vs. control for UC)
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FIGURE 1 | Predominance of CCR& CXCR3-CDA T cells in mLNs of CD when compared to UC patients(A) CD3C T cells isolated from mLNs of CD and UC
patients were concatenated for t-SNE analysis. Feature pts of the indicated antigens (left panels). Frequencies ofC and memory CD45RA T cells (right panels).
(B) Representative dot plots of CCRE CXCR3 , CCR6C CXCRF and CCR6 CXCRZF CD4C subsets, (C) their expression of RORy and Thet, and (D) frequencies
of indicated Th subsets.(E) Representative dot plots and frequencies of gy (CD62L'°%) and Tem (cp62LM8hy among Th subsets. Unpaired-test (C), Friedmann
test followed by Dunn’s test (*) and repeated measures one-ay ANOVA followed by Tukey's test (#).P < 0.05, =CC#* p < 0,01, and **P < 0.001, **P < 0.0001.

The association model included the contrast sample conditioshapiro-Wilk test and then the appropriate test was applied as
plus a covariate for the patient identity to re ect what wasindicated. For all tests, 1 symbol medhs 0.05, 2 symbols mean
detected on the PCA analysis. P < 0.01, and 3 symbols me&h< 0.001. Bar graphs are shown

Graphics and visualization of the dierential expressionas mean SEM.
analysis metrics where done using the gplots, ggplot2, and

beanplot libraries. Study Approva|

o ) This study was approved by the Institutional Ethics Research
Statistical Analysis Committee of the Center Hospitalier de I'Université de Montréa
Statistical analysis was performed with Prism version CER-CHUM). The patients provided written consent to the
(GraphPad Software). Data were checked for normality usingtudy protocol.
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RESULTS CCR&CXCR3 CD4C T cells expressed R@Fout not Thet,

, c c and conversely, CCREXCR¥ CD4® T cells expressed Thet
Predominance of CCR6 ~CXCR3 CD4* T but not RORy (Figure 10). CCRE CXCRECDAC T cells co-
Cells 'n.mLNS of CD When Compared to expressed ROR and Thet. Interestingly, the percentage of
UC Patients memory CCRECXCR3 CDA4C T cells was signi cantly higher

The human T cell compartment is heterogeneous with variablgh CD relative to UC, and additionally, it predominated
distribution in dierent mucosal and lymphoid tissues3 over both CCR6CXCR¥ and CCRECXCR¥ CD4C T
that is further altered upon in ammation. We investigated cell subsets in CD only Figure 1D). However, there were
whether the distribution of CD% T cell subsets in inamed no dierences between CD and UC in the frequencies of
mLNs distinguished CD from UC. The percentage of €D4 CCR6 CXCR¥ or CCRE CXCR¥ CD4C T cells Figure 1D).

T cells and memory CD45RACDAC T cells was similar in  Memory Th cell subsets were further subdivided into coeyL
both diseasesF{gure 1A). Memory CD4 T cells were next e ector memory (Tem) and CD621M9" central memory (Ewm)
strati ed using CCR6 and CXCR3 which are Th17 and Th1-T cells. As expected, inamed mLNs comprised morgmT
associated markers, respectivefjgire 1B) (21). Accordingly, than Tcm cells among all Th subsets examineeiglre 1E).

FIGURE 2 | MLN Th17 Tgy cells of CD differentially express a pathogenic/cytotoxic wiecular pro le relative to UC.(A) Gating strategy for sorting CCR6 CXCR3
Tgm subsets in mLN. Cells were activated with anti-CD3/anti-CD2-beads for 6 days. On the last day, PMA-ionomycin was addeddr 6 h and Brefeldin A for the last
3h. (B) Frequencies of IL17 and IFNg-expressing cells by intracytoplasmic staining in sorted i Tgy; subsets. (C—E) Cells were activated with
anti-CD3/anti-CD28-beads for 6 days. Molecular pro ling of LN Th17 Tgy cells in CD ( D 3) and UC 6 D 3) by Nanostring.(C) Expression of key Th17 genes in CD
vs. UC. (D) Heatmap of differentially expressed genes in CD relative 1dC (FDR< 0.005). (E) Fold change of Th17-associated pathogenic and non-pathogeic genes.
Friedmann test followed by Dunn's test (*) and one-way ANOVfollowed by Tukeys test ( ). P < 0.05,* P < 0.01, and **** P < 0.0001.
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However, only in CD the frequencies of CCRBXCR3
Tem cells were signicantly higher than CCREXCR¥
Tem cells.

Noteworthy, mLN CD# T cells also comprised
minor T subpopulations that were equally distributed in
CD and UC, they included &y (CD25°Foxp¥), and
invariant T cells Supplementary Figure 2. The latter
comprised MAIT (93-97%) (TCR&7.XTCRVa4.24 ),
gd T (1.5-3%) (TCRACTCRVa7.2 ) and iNKT (1.5-3%)
(TCRVa7.2 TCRVa4.24) cells. Teg and invariant T cell
subpopulations were more represented in the €Dsbmpared
to CD8® compartment Supplementary Figures 2A-L Within
these invariant subpopulations, only 20% of cells express&B5CC
(Supplementary Figure 2D. Furthermore, T follicular helper
cells (Tfh) were detected as rare ICAXCRS Ki-67Ccells in
both diseasesSupplementary Figure 2

Taken  together, CD mLNs comprised more
CCR®& CXCR3 CD4® T cells relative to UC and gy cells
predominated over ¢y population.

MLN Th17 TEM Cells Differentially
Expressed a Pathogenic/Cytotoxic

Molecular Pro le in CD Relative to UC

Next, we thought to compare the cytokine and molecular pro le
of CCRE CXCR3 CD621'°CD4C T cells (Th17 Enm) in mLNs
of UC and CD patients. To this end, mLN Th17, puri ed
as depicted inFigure 2A, expressed high IL17 and low IgN
while CCRE& CXCRF CD62L°“CDA4C T cells (Th17/Thl Ewv)
produced both, and CCRECXCRF CD62°YCD4C T (Thl
Tewm) cells secreted IFNonly (Figure 2B). However, unlike with
unfractionated CD% T cells (L0), no signi cant di erences were
noted in the frequencies of IL17 or IFN-producing cells in
puried Th T gm subsets between CD and UC patients. ThEg T
identity was further con rmed at the molecular level by etjya
elevated expression df17A, IL17F, RORC, STATand CCL20
in CD and UC (Figure 20 (4, 14, 22).

Unexpectedly, mLN Thl7 dy subset in CD was
distinguished by a set of dierentially expressed gene
when compared to UC Kigure 2D (FDR < 0.005) and
Supplementary Table 3 In fact, IL23R CCL3, IL22, DPP4
GZMB, and IL18RAR reported to be associated with a
pathogenic Thl7 signature in humans and mic&2+24),
were over-expressed in Th17gy from CD relative to UC
(Figure 2B. GZMB and IL18RAP along with PRF1, CSF1,
CD160, CXCR6, CD3E, KLRBEurther delineated a pro-
in ammatory/cytotoxic Th prole in CD relative to UC
(Figures 2D,Eand Supplementary Table B(25, 26). In contrast,
Th1l7 Tem in UC, when compared to CD, had a greater
expression ofIL9, IL10, ILIRN, CTLA4,and FOXP3 genes
that are considered non-pathogenic or regulato®g, (24, 27).
Interestingly, augmentedlL9 along with low CD96 and DPP4
expressionKigure 2D) observed in UC relative to CD mimics a
Th9 pro-in ammatory pro le associated with chronic intestith
in ammation in mice (28, 29. Moreover, a Th9-biased pro le
has also been reported in UC muco&a)\

In conclusion, Thl7 Ewm cells are associated with a
pathogenic/cytotoxic molecular prole in CD and a non-
pathogenic/regulatory pro le in UC.

IL12 Shifts mLN Th17 TEM Cells Toward
ex-Th1l7 (Thl )in CD and UC

IL23 favors Th17 e ector function while IL12 down-regulates
IL17 and promotes IFN expression in circulating and intestinal
Th1l7 cells 21, 23 31, 32). Furthermore, mucosal pathogenic
Th17 cells that contribute to IBD pathogenesis are best dé ne
by their ability to acquire IFNg, and thus, ultimately switch to
Thl (23). We therefore asked whether Th1#yin mLNs could

be shifted toward Thl Th17 Tgm exposure to IL12 increased
the percentage of IL1AFNgC cells as well as IFdNproduction
per cell, as measured by the mean uorescence intensity (MFI),
in both CD and UC Figure 3A). Frequencies of ILAFNg
cells were signi cantly reduced by IL12 in CD only, further
demonstrating a shift of Th17dy cells to Thl. In addition, we
noticed that IL12 augmented frequencies of IEI”NgC cells

in 7 out of 9CD, and 6 out of 8 UC samples. In contrast, t-N
and IL17 expression was not signi cantly modi ed by IL12 in
Th17/Thl Tgm, and, IFNy expression was marginally increased
in Thl Tgpm in UC only (Supplementary Figure 3A.

Furthermore, Th17 conversion to Thlnder the in uence of
IL12 was associated with17A, TCF7and IL9 downregulation
while pro-in ammatory and cytotoxic gene expressioliG,
IL21, GNLY, DPP4 GZMB) increased in both CD and UC
(Figures 3B,Q. TCF7 downregulation was consistent with the
emergence of ILLAFNg® (Thl) cells and increase of Thl
genes 83, 34). IFNG and HAVCR2gene expression, which were
augmented, best de ned Thl-like T cells in colorectal car(égy,
while PDCD1 an immune checkpoint inhibitor, was decreased.
The gene encodintd-17F, that promotes colitis in mice3E), was
not inhibited upon IL12 stimulation; reinforcing the concegbiat
IL12 induces the generation of pathogenic Tleklls in in amed
mLNs. IL12 is likely contributed by mature DCs that accunela
in mLNs of CD (37); these cells also produce IL23 along with
IL12 (10). Unlike exposure to IL12, modulation of IL17 and [N
Sexpression was unchanged in Th17, Th17/Th1l and Tg Gells
in response to IL23{upplementary Figure 3B Failure of IL23
to augment IL17 or IFN in Th17 Ty cells was not attributed to
absence of IL23 receptor sink23Rwas expressed in CD, and at
higher levels relative to UG~{gure 2D).

Taken together, IL12 but not IL23 promotes plasticity of mLN
Th17 Tgm cells.

DISCUSSION

It is established that mucosal Th cells regulate gut homsista
and in ammation, but few reports examined mLNs of IBD
patients. Overall, the present study revealed that CD and
UC could be distinguished by examining the frequencies and
molecular prole of Thl7 cells in mLNs. MLNs in CD were
characterized by a predominant Th1 gy population displaying

a pathogenic/cytotoxic gene signature relative to Thiy €ells

in UC that expressed a pro le biased toward regulatory genes.
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FIGURE 3 | IL12 shifts Th17 Ty cells toward Thl* in mLNs of CD and UC. Sorted mLN Th17 gy, cells were cultured with or without IL12 for 6 days.
PMA-ionomycin was added for 6 h and Brefeldin A for the last 3h(A) Representative dot plots, frequencies and mean uorescenceéntensity (MFI) of IL17 and IFdl
(B,C) Molecular pro ling of mLN Th17 Tgp cells treated with medium or IL12 from CDr{ D 3) and UC ( D 3) by Nanostring.(B) Quadrant analysis for differentially
expressed genes in Th17 Ey, with IL12 treatment relative to medium, in CD vs. UC(C) Violin plots illustrating relative expression of indicatiegenes. Pairedt-test (§)
or Wilcoxon signed rank test £). $°p < 0.05, 887°p < 0.01, and *®%P < 0.001.

Under IL12 exposure, mLN Th17gly cells from both CD observed in mice LN. Furthermore, Thl7epy cells isolated
and UC shifted toward a Thlcytokine and molecular prole, from the mLN of IBD patients converted to Thlunder the
suggesting that Th17 plasticity is taking place in this indwet in uence of IL12. Th17 program inhibition by IL12, as shown
site before T cell homing to gut tissues. here by decreasedCF7 expression {4), also depends on
A previous study indicated that frequencies of IL°1Zells Eomesip-regulation that inhibitsRORC2and IL17A expression
are augmented in CD when compared to UC using plasticwhile maintaining IFNG (40). Interestingly,Eomesexpressing
coated CD3/CD28 activated unfractionated mLN CD# cells Thl and Thl cells have a more stable phenotype and
(10). We showed here that the proportion of IL%7cells was do not up-regulate IL17 under the inuence of Ibl IL6,
similar in both diseases using anti-CD3/CD28 beads a@tVat IL23, and TGl Th17-polarizing cytokines4(, 41), consistent
CCR&CXCR3 eector memory CD# T cells while the with a lack of modulation of IL17 and IF§l expression
expression of IL17 per cell (MFI IL17) tended to augmentin CDobserved in CD and UC Thl gy cells. The limitation of
Pathogenicity of Th17 cells is best de ned by their capacitpur study is that EOMES was not part of the nanostring
to elicit disease aftein vivo adoptive transfer, their selected expression matrix.
gene expression prole and their plastic naturg3( 24, 38). IL23 expressionis required on T cells to trigger colitis, vahg
In mice, Thl7 cells gradually progress to a pre-Thl e ectomssociated with IFiyand IL17 co-expressior8g). Furthermore,
phenotype in the LN and, to a Th17/Th1-like e ector phenotypeadministration of anti-IL23p19 monoclonal antibody atteates
in non-lymphoid tissues 39), suggesting that Th17 conversion development of colitis in Abcblad mice 38 42). However,
is already initiated in LN. Indeed in CD mLN, Thl7gly Th17 Tgm cells from IBD mLNs did not modulate IL17 and
cells displaying a pathogenic, “pre-Th1l” in ammatory genelFNg expression in response to IL23, di ering from increased
(IFNG, HAVCR2, CD26pro le (22) corroborate the progression Th17 responses to IL23 observed in human colonic ED4
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T cells from CD patients 43). Failure of IL23 to augment nodes (mLNs) of Crohn's disease (CD) and ulcerative
IL17 or IFNg in mLN Thl17 Tgym cells was not attributed to colitis (UC) patients. Lymph nodes are the key sites to
absence of IL23 receptor sinde23R was expressed in CD, initiate an e ector response and generate memory T cells,
and at higher levels relative to UC. These data suggest thamphasizing the need to investigate immune cells in these
tissue-dependent IL23 responsiveness requires additianals  lymphoid tissues.
provided by the cytokine milieu and/or environment, which  Briey, we showed that mLNs of CD and UC can be
might be absent or low in mLNs. In fact, serum amyloid Adistinguished by frequencies of CXCRBCR& Th17 memory
proteins 1 and 2 (SAA1/2), secreted by epithelial cells, have cells, enriched in CD622" e ector memory T cells (Ew),
been shown to promote robust IL17A production in RGRT  and dierentially expressed Thi7 gfy molecular prole
cells in the mucosadf). Moreover, a recent study demonstratesDrug targets 1L23 and IL12 regulate the pathogenicity and
that induction of severe chronic remitting/relapsing UC4dik plasticity of intestinal Th17 cells in IBD. Our data further
colitis in immunocompetent mice requires not only IL23 andrevealed that IL12, but not IL23, shifted mLN Thl7g\M
pathogenic CD% T cells in mLNs and colon, but also intestinal toward a pathogenic Thi cytokine and molecular pro le
dysbhiosis45). in both CD and UC, suggesting that Thl7 plasticity is

Owing to the importance of IL23/Thl7 axis in IBD taking place in this inductive site before T cell homing to
pathogenesis, it is not surprising that these cells are degmed gut tissues.
be therapeutic targets. However, their inherent plasticitgsa Therefore, investigation of Cl%helper T cell subsets in the
di culty in targeting them directly in in ammatory settings. IBD mLNs, which are not easily accessible for research use, ha
Antibodies that block IL12 might be suitable targets, as2IL1 clear implications in further understanding disease path@gn
promotes Th1l7 plasticity toward pathogenic Thih mucosa and thus, open avenues for personalized medicine.
(21, and as shown here in mLNs of CD and UC. In fact,
anti-IL12p40 drugs are part of the therapeutic arsenal of COAUTHOR CONTRIBUTIONS
and clinical trials are ongoing in UC patientsl§). However,
therapeutic e cacy of both anti-IL12p40 and anti-IL23p19 in MB, LC, and MS: Designing research studies. MB, LC, and MR:
ameliorating CD argues for a predominant role for IL23 in Conducting experiments. MB, LC, MR, HM, and MS: Acquiring
disease pathogenesis. Hence, anti-IL23p19 is also in dlinala  and analyzing data. RW, CR, FS, RL, and GS: Resources. MB, MS,
for UC (46). Collectively, studying the role of immune cells in LC, and HM: Writing the manuscript.
IBD mLNs warrants further investigation to better undensta
di erences between CD and UC pathogenesis, and thus, opgaNDING
avenues for personalized medicine.

This project was funded by grants from Canadian Institutes of
DATA AVAILABILITY Health Research (MOP#130533; MS) and Fonds de Recherche en
Santé du Québec (MB and LC).

The nanostring data have been deposited in the Gene expression
(GEO) database under accession number GSE131359. ACKNOWLEDGMENTS

ETHICS STATEMENT We thank all the patients for donating samples used in our

study. We thank Francois Harvey at the Centre d'Intégration
This study was carried out in accordance with theet d'Analyse des Données médicales du CHUM for help with
recommendations of CRCHUM with written informed consent analysis of molecular data. We also thank the nurse Carole
from all subjects. All subjects gave written informed corise  Bergeron at the CHUM, and all personnel at the ow cytometry
accordance with the Declaration of Helsinki. The protocolswa platform of CRCHUM and the Molecular Pathology Research
approved by the Institutional Ethics Research Committee of th€ore at the Lady Davis Institute for their technical expertise
Centre Hospitalier de I'Université de Montréal (CER-CHUM).

SUPPLEMENTARY MATERIAL
CONTRIBUTION TO THE FIELD

The Supplementary Material for this article can be found
While being extensively studied in the mucosa, few studiesnline at: https://www.frontiersin.org/articles/10.388nmu.
examined helper T cell subsets in the mesenteric lympR019.01177/full#supplementary-material

REFERENCES 2. Kumar BV, Connors TJ, Farber DL. Human T cell development,
localization, and function throughout lifelmmunity. (2018) 48:202-13.
1. Thome JJ, Grinshpun B, Kumar BV, Kubota M, Ohmura Y, doi: 10.1016/j.immuni.2018.01.007
Lermner H, et al. Longterm maintenance of human naive T 3. Senda T, Dogra P, Granot T, Furuhashi K, Snyder ME, Carpentest2J,

cells through in situ homeostasis in lymphoid tissue sites. Microanatomical dissection of human intestinal T-cell immunityveals
Sci Immunal (2016) 1:eaah6506. doi: 10.1126/sciimmunol.aah  site-speci c changes in gut-associated lymphoid tissues ofeerMiucosal
6506 Immunol (2018) 12:378-89. doi: 10.1038/s41385-018-0110-8

Frontiers in Immunology | www.frontiersin.org 7 May 2019 | Volume 10 | Article 1177



Bsat et al.

Th17 Cells in MLN of IBD

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. lwata M, Hirakiyama A, Eshima Y, Kagechika H, Kato C, Song SYndtet

Stadhouders R, Lubberts E, Hendriks RW. A cellular and moleculer afie
T helper 17 cell plasticity in autoimmunityl Autoimmun (2018) 87:1-15.
doi: 10.1016/j.jaut.2017.12.007

acid imprints gut-homing speci city on T cellsmmunity. (2004) 21:527-38.
doi: 10.1016/j.immuni.2004.08.011

. Kawabe T, Suzuki N, Yamaki S, Sun SL, Asao A, Okuyama Y, ets#nhéeic
lymph nodes contribute to proin ammatory Th17-cell generation during 26.

in ammation of the small intestine in miceEur J Immunal (2016) 46:1119—
31. doi: 10.1002/€ji.201545907

. Takebayashi K, Koboziev I, Ostanin DV, Gray L, Karlsson F,iriRoh-

Jackson SA, et al. Role of the gut-associated and secondary lydrtjgsnie
in the induction of chronic colitis.In amm Bowel Dis (2011) 17:268-78.
doi: 10.1002/ibd.21447

. Atarashi K, Nishimura J, Shima T, Umesaki Y, Yamamoto M, Onoue M28.

et al. ATP drives lamina propria T(H)17 cell di erentiatiofNature (2008)
455:808-12. doi: 10.1038/nature07240

. Saruta M., Yu QT, Avanesyan A, Fleshner PR, Targan SR, Papddak
Phenotype and e ector function of CC chemokine receptor 9-expngss 29.

lymphocytes in small intestinal Crohn's diseasénmunol (2007) 178:3293—
300. doi: 10.4049/jimmunol.178.5.3293
Sakuraba A, Sato T, Kamada N, Kitazume M, Sugita A, Hibi T.

Th1/Th17 immune response is induced by mesenteric lymph node30.

dendritic cells in Crohn's diseas&astroenterology(2009) 137:1736-45.
doi: 10.1053/j.gastro.2009.07.049

Baba N, Van VQ, Wakahara K, Rubio M, Fortin G, Panzini B, et al31.

CDA47 fusion protein targets CD17Qacells in Crohn's disease and dampens
the production of IL-l1beta and TNFJ Exp Med (2013) 210:1251-63.
doi: 10.1084/jem.20122037

Chapuy L, Bsat M, Mehta H, Rubio M, Wakahara K, Van VQ, et abjtas
increase in Crohn disease and ulcerative colitis and favor mesehtsph
node memory TH17/TH1 responsé Allergy Clin Immunok2014) 134:978—
981.e971. doi: 10.1016/j.jaci.2014.05.025

Zhang YZ, Li YY. Inammatory bowel disease: pathogenéaisrid J
Gastroentero(2014) 20:91-9. doi: 10.3748/wjg.v20.i1.91

Stockinger B, Omenetti S. The dichotomous nature of T helpaell3.Nat
Rev Immunal(2017) 17:535-44. doi: 10.1038/nri.2017.50

Oppmann B, Lesley R, Blom B, Timans JC, Xu Y, Hunte B, et al. Nové&4.

p19 protein engages IL-12p40 to form a cytokine, IL-23, with biclalg
activities similar as well as distinct from IL-12amunity. (2000) 13:715-25.
doi: 10.1016/S1074-7613(00)00070-4

Quinn J, Duncan S, Golden M, Swindle M, Weiss S, Stadnisklyl®ivJo

Exchange: a means of meeting the computational needs of the ow

community. In:CYTO 2015XXX Congress of the International Society for the36.

Advancement of Cytometi@lasgow.

R Core TeamR: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing (2018). Avaldaonline at:
https://www.R-project.org/

Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. limma powers37.

di erential expression analyses for RNA-sequencing and microastaglies.
Nucleic Acids Re€2015) 43:e47. doi: 10.1093/nar/gkv007

Robinson MD, McCarthy DJ, Smyth GK. edgeR: a Bioconductckame for
di erential expression analysis of digital gene expression ditanformatics
(2010) 26:139-40. doi: 10.1093/bioinformatics/btp616

McCarthy DJ, Chen Y, Smyth GK. Dierential expression analysis
multifactor RNA-Seq experiments with respect to biological varrathducleic
Acids Req2012) 40:4288-97. doi: 10.1093/nar/gks042

Annunziato F, Cosmi L, Santarlasci V, Maggi L, Liotta F, NMey B, et al.
Phenotypic and functional features of human Th17 cell&xp Med(2007)
204:1849-61. doi: 10.1084/jem.20070663

Bengsch B, Seigel B, Flecken T, Wolanski J, Blum HE, Thimme R. Human
Th17 cells express high levels of enzymatically active dipeptidylpeptidas
(CD26).J Immunol (2012) 188:5438-47. doi: 10.4049/jimmunol.1103801
Ramesh R, Kozhaya L, McKevitt K, Djuretic IM, Carlson TJ, G@uoaMA,
et al. Pro-in ammatory human Th17 cells selectively express P-glycoprotein
and are refractory to glucocorticoids] Exp Med (2014) 211:89-104.
doi: 10.1084/jem.20130301

24.

25.

27.

32.

33.

35.

38.

39.

40.

41.

Wang C, Yosef N, Gaublomme J, Wu C, Lee Y, Clish CB, et al. CD9L/Al
Regulates Lipid Biosynthesis and Restrains TREN Pathogenicity.Cell
(2015) 163:1413-27. doi: 10.1016/j.cell.2015.10.068

Uniken Venema WT, Voskuil MD, Vila AV, van der Vries G, Janséh Babri

B, et al. Single-Cell RNA sequencing of blood and ileal T cells fronepisti
with crohn's disease reveals tissue-speci ¢ characteristicsdaungl targets.
Gastroenterologg2019) 156:812-5 e822. doi: 10.1053/j.gastro.2018.10.046
Patil VS, Madrigal A, Schmiedel BJ, Clarke J, O'Rourke P, de Siy

et al. Precursors of human CB4cytotoxic T lymphocytes identi ed
by single-cell transcriptome analysiSci Immunal (2018) 3:eaan8664.
doi: 10.1126/sciimmunol.aan8664

Lee Y, Awasthi A, Yosef N, Quintana FJ, Xiao S, Peters AJedaction and
molecular signature of pathogenic TH17 ceNat Immunol (2012) 13:991-9.
doi: 10.1038/ni.2416

Gerlach K, Hwang Y, Nikolaev A, Atreya R, Dornho H, Steiner SJ.€Etd9
cells that express the transcription factor PU.1 drive T cell-mediatditisco
via IL-9 receptor signaling in intestinal epithelial celat Immunol (2014)
15:676-86. doi: 10.1038/ni.2920

Stanko K, Iwert C, Appelt C, Vogt K, Schumann J, Strunk FJ, et al.
CD96 expression determines the inammatory potential of IL-9-
producing Th9 cells.Proc Natl Acad Sci USA(2018) 115:E2940-9.
doi: 10.1073/pnas.1708329115

Nalleweg N, Chiriac MT, Podstawa E, Lehmann C, Rau TT, Atreyd &,
IL-9 and its receptor are predominantly involved in the pathogenetI$@.

Gut (2015) 64:743-55. doi: 10.1136/gutjnl-2013-305947

Kobayashi T, Okamoto S, Hisamatsu T, Kamada N, Chinen H, Saito R
et al. IL23 dierentially regulates the Th1/Thl7 balance in ulcemtiv
colitis and Crohn's diseaseGut. (2008) 57:1682-9. doi: 10.1136/
gut.2007.135053

Kleinschek MA, Boniface K, Sadekova S, Grein J, Murphy EE,efurn
SP, et al. Circulating and gut-resident human Th17 cells express D16
and promote intestinal in ammation.J Exp Med (2009) 206:525-34.
doi: 10.1084/jem.20081712

Muranski P, Borman ZA, Kerkar SP, Klebano CA, Ji Y, Sanchez-
Perez L, et al. Thl7 cells are long lived and retain a stem cell-
like molecular signature.Immunity. (2011) 35:972-85. doi: 10.1016/
j-immuni.2011.09.019

Oestreich KJ, Huang AC, Weinmann AS. The lineage-de ningpfacT-bet
and Bcl-6 collaborate to regulate Thl gene expression pattérigp Med
(2011) 208:1001-13. doi: 10.1084/jem.20102144

Zhang L, Yu X, Zheng L, Zhang Y, Li Y, Fang Q, et al. Lineag&itgc
reveals dynamic relationships of T cells in colorectal carldature (2018)
564:268—72. doi: 10.1038/s41586-018-0694-x

Tang C, Kakuta S, Shimizu K, Kadoki M, Kamiya T, Shimazu T,1let a
Suppression of IL-17F, but not of IL-17A, provides protection aghin
colitis by inducing Treg cells through modication of the inteséih
microbiota. Nat Immunol (2018) 19:755-65. doi: 10.1038/s41590-018-
0134-y

Jaensson E, Uronen-Hansson H, Pabst O, Eksteen B, Tiamdb€sdL, et al.
Small intestinal CD103 dendritic cells display unique functional properties
that are conserved between mice and humars¢p Med(2008) 205:2139-49.
doi: 10.1084/jem.20080414

Ahern PP, Schiering C, Buonocore S, McGeachy MJ, Cua DJ, Maloy
KJ, et al. Interleukin-23 drives intestinal inammation through
direct activity on T cells.Immunity. (2010) 33:279-88. doi: 10.1016/
j.immuni.2010.08.010

Gaublomme JT, Yosef N, Lee Y, Gertner RS, Yang LV, Wu C, etgle-&al
genomics unveils critical regulators of Th17 cell pathogeni€igil (2015)
163:1400-12. doi: 10.1016/j.cell.2015.11.009

Mazzoni A, Maggi L, Siracusa F, Ramazzotti M, Rossi MC,aBasti

V, et al. Eomes controls the development of Th17-derived (non-classic
Thl cells during chronic in ammation.Eur J Immunal (2019) 49:79-95.
doi: 10.1002/eji.201847677

Geginat J, Paroni M, Kastirr I, Larghi P, Pagani M, Abrign8niReverse
plasticity: TGF-beta and IL-6 induce Th1l-to-Th17-cell transdéntiation

in the gut. Eur J Immunal (2016) 46:2306-10. doi: 10.1002/
€ji.201646618

Frontiers in Immunology | www.frontiersin.org 8

May 2019 | Volume 10 | Article 1177



Bsat et al. Th17 Cells in MLN of IBD

42.

43.

44,

45.

Maxwell JR, Zhang Y, Brown WA, Smith CL, Byrne FR, Fiorino46. Allocca M, Furfaro F, Fiorino G, Gilardi D, D'Alessio S, Danese

M, et al. Dierential roles for interleukin-23 and interleukin- S. Can IL-23 be a good target for ulcerative colitB@st Pract Res
17 in intestinal immunoregulation. Immunity. (2015) 43:739-50. Clin Gastroenterol (2018) 32-33:95-102. doi: 10.1016/j.bpg.2018.
doi: 10.1016/j.immuni.2015.08.019 05.016

Chapuy L, Bsat M, Sarkizova S, Rubio M, Therrien A, Wassef E,

et al. Two distinct colonic CD14) subsets characterized by single-cell Conict of Interest Statement. The authors declare that the research was
RNA proling in Crohn's diseaseMucosal Immunol (2019) 12:703-19. conducted in the absence of any commercial or nancial relatigps that could
doi: 10.1038/s41385-018-0126-0 be construed as a potential con ict of interest.

Sano T, Huang W, Hall JA, Yang Y, Chen A, Gavzy SJ, et al. ABRIH2-22

circuit regulates epithelial serum amyloid A to promote local e ectorlTh  Copyright © 2019 Bsat, Chapuy, Rubio, Wassef, Richard, Schieuntgnarath,
response<Cell (2015) 163:381-93. doi: 10.1016/j.cell.2015.08.061 Soucy, Mehta and Sarfati. This is an open-access articibudistt under the terms
Chen L, He Z, luga AC, Martins Filho SN, Faith JJ, Clemente JGof the Creative Commons Attribution License (CC BY). Thedisteibution or
et al. Diet modies colonic microbiota and CD@&() T-cell repertoire  reproduction in other forums is permitted, provided theirmalgauthor(s) and the
to induce ares of colitis in mice with myeloid-cell expression copyright owner(s) are credited and that the original patidic in this journal
of interleukin  23. Gastroenterology. (2018) 155:1177-91.e1116. is cited, in accordance with accepted academic practicesé\adistribution or
doi: 10.1053/j.gastro.2018.06.034 reproduction is permitted which does not comply with theesest

Frontiers in Immunology | www.frontiersin.org 9 May 2019 | Volume 10 | Article 1177



