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G protein-coupled receptor 15 (GPR15) was recently highlighted as a colon-homing receptor for
murine and human CD4* T cells. The aim of this study was to explore the functional phenotype of
human GPR15*CD4- T cells, focusing on Tregs and effector T cells (Teffs), and to determine whether
GPR15 is the driver for the migration of T cells to the colon during ulcerative colitis (UC). In the
peripheral blood, GPR15 was expressed on Tregs and Teffs; both GPR15* T cell subsets produced less
IFN-y and IL-4 but more IL-17 after stimulation and showed a higher migration activity compared
with GPR15-CD4" T cells. In UC patients, GPR15 expression was increased on Tregs in the peripheral
blood but not on Teffs. Interestingly, the expression of GPR15 was significantly enhanced on
colonic T cells of UC patients in noninflamed biopsies but not in inflamed biopsies. The differential
expression of GPR15 in UC patients was accompanied by a significant reduction of bacterial
immunoregulatory metabolites in the feces. In conclusion, GPR15 expression on CD4* T cells is
altered in UC patients, which may have implications for the development of therapeutic approaches
to target T cell trafficking to the colon.

Introduction
The colonic intestine consists of a multitude of different microorganisms, which coevolved in a symbiotic
relationship with the gastrointestinal immune system. With their function to digest and ferment nutrition,
the microbiota contributes to its host metabolism and interferes with the host intestinal immune system
(1, 2). A delicate balance between the composition of the microbiota, with its metabolites, and the host
immune response is necessary for the gut mucosal homeostasis. If this symbiotic relationship is disrupted,
intestinal inflammation, as it is seen in ulcerative colitis (UC), can occur. UC is characterized by a relaps-
ing-remitting state of chronic inflammation of the colon. The immunological nature of the disease arises
from the observation that UC is characterized by a massive infiltration of T cells into the mucosa (3, 4).
Importantly, not only effector T cells (Teffs), but also Tregs, are more common in actively inflamed than in
uninflamed UC mucosa, reflecting forced administration of these cells to the site of inflammation (5-7).
Although the trafficking of T cells from the circulation into the small intestine has been well described
and is associated with the expression of a4p7 and CCRY, the trafficking of T cells into the colon was only
recently discovered to be dependent on the expression of G protein—coupled receptor 15 (GPR15) (8-14).
GPRI15 is an orphan G protein—linked receptor and an HIV coreceptor with homology to other known
lymphocyte-trafficking receptors, but its ligand is unknown so far (15, 16). Interestingly, it was shown that
in mice the expression of GPR15 and its function as a migration molecule is restricted to Tregs, whereas
in humans GPR15 was shown to be expressed on Tregs, Teffs, and memory T cells (12, 13). No difference
in the suppressive capacity in vitro and in vivo was observed for murine GPR15* and GPR15CD4" Tregs
(12). However, whether GPR15 expression alters the function of human CD4* T cells or whether GPR15
expression is stable in an inflammatory environment is hitherto not clear. In the present study, we analyzed
the frequency and the function of GPR15*CD4" T cells in the peripheral blood and the colonic lamina
propria of healthy controls and UC patients.

Results
GPRI15 is mainly expressed on CD4* T cells. First, we investigated the expression of GPR15 on different cell
types in the peripheral blood of healthy donors. As expected from former human and mouse studies, GPR15
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was mainly expressed on CD4" T cells and was expressed to a lower extent on CD8* T cells. However, nearly
no expression of GPR15 was detected on B cells, macrophages, and dendritic cells (Figure 1A). To investi-
gate whether GPR15 expression alters the functional properties of human lymphocytes, CD4* T cells from
the peripheral blood of healthy donors were sorted into GPR15* and GPR15™ T cells, respectively, and stim-
ulated in vitro. Although there was no difference in the proliferation of GPR15* and GPR15CD4* T cells
(Figure 1B), the production of the Th1/Th2-associated cytokines IFN-y and IL-4 was significantly decreased
in the supernatant of stimulated GPR15*CD4* T cells compared with GPR15°CD4* T cells (Figure 1C).
In contrast, GPR15*CD4* T cells produced significantly more IL-17 than their GPR15™ counterparts. Due
to the differential cytokine production, we further focused on the CD4* T cell subsets that express GPR15.
Interestingly, the frequency of GPR15" cells in the peripheral blood of healthy donors was higher in the
CD4* Treg subset than in the CD4* Teff subset (Figure 1D). To analyze if the differential cytokine profile is
restricted to GPR15-expressing Tregs or Teffs, we compared both subsets and identified that the enhanced
IL-17 and diminished Th1/Th2 secretion is a more general characteristic of GPR15-expressing CD4" T cells
and is not unique for one specific T cell subset (Figure 1E).

GPR15 expression is upregulated on CD4* Tregs in the peripheral blood of UC patients and enhanced in the
noninflamed colons of UC patients. Tregs have previously been described to suppress effector T cell activity
in the inflamed mucosa of patients with inflammatory bowel disease (IBD), and their potential func-
tional relevance has been suggested by clinical pilot studies using adoptive transfer of expanded Tregs
in patients with IBD in vivo (17). Of note, GPR15 was recently described as a homing receptor of Tregs
for the murine colon (12). Therefore, we examined the expression of GPR15 in the peripheral blood of
patients suffering from UC. We detected a higher percentage of GPR15*CD4" T cells in patients with
UC compared with healthy controls (Figure 2A). Interestingly, the enhanced GPR15 expression was
predominant within the Treg compartment and not within the CD4"* Teff subset (Figure 2B). As GPR15-
expressing CD4* T cells from healthy individuals show an enhanced IL-17 secretion, we analyzed the
cytokine profile of GPR15" and GPR15CD4* T cells from UC patients. In line with the results from
healthy individuals, GPR15* CD4" T cells isolated from the blood of UC patients showed the trend of
producing less IFN-y and IL-4 but significantly enhanced IL-17 (Figure 2C). Hence, the secretion of
IL-17 seems to be very specific for GPR15-expressing CD4* T cells.

In the subsequent experiments, we addressed the question whether the enhanced expression of GPR15
on Tregs in the peripheral blood of UC patients favors the migration of Tregs to the colon. First, we deter-
mined the migration activity of GPR15* versus GPR15°CD4" T cells in vitro. GPR15" and GPR15-CD4*
T cells from the peripheral blood of healthy donors were isolated by cell sorting, and an in vitro Transwell
migration assay toward stromal cell-derived factor-1 (SDF-1), the standard chemokine for leukocyte migra-
tion assays, was performed. Both GPR15- and GPR15*CD4* T cells migrated through the Transwell in
response to SDF-1, but the migration activity of GPR15*CD4* T cells was significantly higher (Figure
3A). Importantly, the migration activity of GPR15"FoxP3™ T cells as well as GPR15*FoxP3* Tregs was
enhanced compared with the GPR15™ counterparts (Figure 3B).

Detailed analysis revealed that CXCR4, the receptor of SDF-1, was expressed at a significantly higher
level on GPR15* compared with GPR15°CD4" T cells, proposing a more general enhanced migration
capacity of GPR15"CD4" T cells (Figure 3C). As a consequence, we addressed the expression of SDF-1 in
biopsies from noninflamed and inflamed colons of patients suffering from UC. Of note, SDF-1 expression
was significantly increased in the inflamed compared with the noninflamed colon (Figure 3D).

In a next step, we analyzed whether the increased expression of GPR15 on Tregs in the peripheral blood
as well as the enhanced migration capacity of GPR15* cells lead to the migration of GPR15* T cells to the
colons of UC patients. Interestingly, quantitative PCR analysis revealed that the expression of GPR15 was
significantly higher in the noninflamed colon compared with the inflamed colon (Figure 4A). In contrast,
the FoxP3* expression was significantly elevated in the inflamed tissue (Figure 4B). This was also con-
firmed on cellular level, as we identified an increased percentage of FoxP3*CD4* T cells in the inflamed
colonic tissue (Figure 4C). Of note, no differences in the expression of GATA-3, Tbet, and RORc were
detected between inflamed and noninflamed colonic tissue (Supplemental Figure 1; supplemental material
available online with this article; https://doi.org/10.1172/jci.insight.90585DS1). Focusing on the expres-
sion of GPR15 on T cells in colonic biopsies, we observed differences in the percentages of GPR15*FoxP3*
Tregs as well as GPR15"FoxP3~ Teffs. Compared with biopsies from healthy individuals, we detected an
increased percentage of GPR15*FoxP3*CD4" T cells in the noninflamed tissue of UC patients, which
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Figure 1. GPR15 is mainly expressed on CD4* T cells in healthy PBMCs. (A and D) PBMCs from healthy donors were isolated and stained for GPR15
expression on different cell populations: (A) CD4* T cells, CD8* T cells, B cells (CD19* cells); macrophages (Mph; CD14*CD11b*), conventional dendritic
cells (cDCs; CD11c*CD123), and plasmacytoid DCs (pDCs; CD11c"CD123*BDCA-2*) and (D) Teffs (FoxP3-) and Tregs (FoxP3*). Representative plots are
shown for each cell population, with mean expression + SD; n = 12-15. GPR15 expression is summarized as median (horizontal lines), 25th to 75th
percentile (extension of boxes), and range (error bars). (B and €) GPR15* and GPR15-CD4* T cells were sorted from PBMCs of healthy blood donors and
labeled with cell proliferation dye eFluor 670 and stimulated for 3 days. (B) Proliferation of GPR15* and GPR15-CD4* T cells was measured by the loss of
the eFluor dye. (E) CD25"CD127°GPR15* and GPR15-CD4* Tregs and CD25-CD127"GPR15* and GPR15-CD4* effector T cells (Teffs) were sorted from PBMCs
of healthy blood donors and stimulated for 3 days. (C and E) Content of secreted cytokines (IFN-y, IL-4, and IL-17) in the supernatant was determined
by Luminex technology. The amount of secreted cytokines was normalized to 10% cells. Data represent mean + SEM; 7-12 samples. Statistical analysis
was performed by Student’s t test (*P < 0.05; **P < 0.01).
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A former study in a humanized mouse model by Fischer and colleagues (18) suggested that 04B7 integ-

migration of Tregs into the inflamed colon.

rin is crucial for homing of Tregs from UC patients into the colon. Well in line with their results, we detect-
ed an increased expression of a4B7 integrin on Tregs from peripheral blood mononuclear cells (PBMCs) of
UC patients (Figure 5A), similar to our results obtained for GPR15 expression (Figure 2B). Subsequently,
we analyzed the coexpression of GPR15 and B7 integrin on CD4* T cells in PBMCs and colonic tissues
of healthy individuals and UC patients. To our surprise, the majority of Teffs and Tregs in the peripheral
blood did not coexpress GPR15 and B7 integrin, independent of the health status (Figure 5B and Supple-
mental Figure 2A). Instead, GPR15 and 04p7 integrin were independently expressed on the majority of
Teffs and Tregs, and this lack of coexpression was also detectable in the colonic biopsies of healthy indi-
viduals and UC patients (Figure 5C). Interestingly, similar to the expression of GPR15 in colonic biopsies,
the expression of a4p7 integrin alone was significantly increased on Tregs in the noninflamed biopsies of
UC patients compared with biopsies from healthy individuals, and this was accompanied by a decreased
expression in the inflamed colonic tissues (Supplemental Figure 2B). In summary, our results show that the
phenotype of T cells, especially the Tregs, is very heterogeneous, providing evidence that there might be
differences in the function and migration among 04p7* Tregs, GRP15" Tregs, and a4f37* GRP15" Tregs.
The short-chain fatty acid metabolism is significantly disturbed during UC. The gut microbiota and its metab-
olites play an important role in the onset and perturbation of intestinal inflammation (2). Interestingly,
short-chain fatty acids (SCFA), such as butyric acid and propionic acid, were shown to modulate T cell
differentiation and the expression of GPR15, respectively, and could therefore be involved in dampening
intestinal inflammation (12, 18, 19). To gain further insights into whether the downregulation of GPR15
on Tregs could be due to an alteration in the microbiota and its metabolites, we measured the SCFA in fecal
samples of UC patients in remission (baseline) and active disease. Overall, total levels of SCFA were sig-
nificantly lower in patients with active UC; in particular, the levels of butyrate were dramatically decreased
in the feces of active UC patients compared with UC patients in remission (baseline) (Figure 6A). To
analyze whether SCFA could be involved in the control of GPR15 expression, we isolated CD4" Tregs and
CD4" Teffs from the peripheral blood of healthy donors and stimulated these cells in the presence of SCFA
(butyrate, propionate, and acetate). Although the percentage of GPR15-expressing cells was increased
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Tregs and Teffs in the peripheral blood of healthy vol-
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cells, raising functional differences between GPR15-
expressing and -nonexpressing CD4* T cells. Recent
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and Th17 cells, especially in an inflamed environment
(20, 21). Well in line with this, we identified that the dif-
ferential cytokine profile of GPR15*CD4* T cells is not

analysis was performed by Student’s t test (*P < 0.05; **P < 0.01).
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restricted to healthy individuals but is also detectable in
the blood of UC patients, providing evidence that the
subset of GPR15* T cells might have proinflammatory
and antiinflammatory properties, depending on the cell type and the microenvironment.

In contrast to a former study, which stated that GPR15 is mainly expressed on Th2 cells in the colons of
UC patients compared with healthy controls (13), we detected no differences in the expression of GPR15
on GATA3* T cells when we compared inflamed and noninflamed colonic tissue of UC patients. However,
here we compared noninflamed colonic tissues with inflamed colonic tissues from UC patients and not
with colonic biopsies from healthy volunteers, which could explain the differences in these results.

Interestingly, we found that, in the GPR15*CD4" T cell subset, the expression of CXCR4, which, aside
from GPR15, is a coreceptor for HIV (22, 23), is enhanced compared with the that in GPR15CD4" T cell
subset. In line with this, GPR15*CD4* T cells show higher migration activity toward SDF-1 in vitro, as
SDF-1 is the ligand for CXCR4 and is highly expressed in the inflamed colons of UC patients. Of note,
GPR15 is markedly upregulated on gut CD4* T cells in some HIV-1-infected individuals compared with
healthy controls (24), further underlining the importance of GPR15 as a colon-homing molecule.

UC is characterized by massive infiltration of Teffs and Tregs into actively inflamed mucosa (3, 4). We
showed that the percentage of GPR15*CD4" T cells is higher in the peripheral blood of patients with UC
compared with healthy controls and that the enhanced GPR15 expression was restricted to the FoxP3*
Treg compartment. In contrast, the expression of GPR15 was significantly lower in the inflamed colons
compared with the noninflamed colons of UC patients, although FoxP3* expression was significantly ele-
vated in the inflamed tissue. This raises the question of whether GPR15 is not involved in the migration of
Tregs into the inflamed colon, a concept favored by Fischer and colleagues. They showed in a humanized
mouse model that a4p7 integrin is important for homing of UC Tregs into the colon (18). Interestingly,
we detected only a very small population of Tregs that coexpress 047 and GRP15 in PBMCs of healthy
individuals and UC patients, providing evidence that there might be differences in function and migration
among 04B7* Tregs, GRP15* Tregs, and 04p7* GRP15* Tregs.

Another explanation for the weak GPR15 expression on Tregs in the inflamed colons of UC
patients could be the downregulation of GRP15 after binding to the potential ligand or within an
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inflamed environment. A study by Lahl and colleagues gives rise to this conclusion, as they detected
GPR15 to be highly expressed on fetal thymic dendritic epidermal T cell precursors and to be down-
regulated once these cells reach their site of interest (25).

The gut microbiota and its metabolites play an important role in the onset and perturbation of intesti-
nal inflammation in UC. Characterization of the microbial community led to the concept of “dysbiosis,”
an imbalance of beneficial and harmful bacteria. Dysbiosis in UC is characterized by an overall reduction
in the microbial diversity and reduced abundance of the phylum Firmicutes as well as concurrent increas-
es in Bacteroidetes (26, 27). One important activity of the phylum Firmicutes is to metabolize indigestible
dietary fiber or mucus components into SCFA (28). We detected a significant reduction of SCFA in the
feces of patients with active UC compared with baseline (remission), probably due to the alteration of the
gut microbial composition during inflammation. In line with these results, treatment of IBD patients with
SCFA was shown to be beneficial for the disease outcome (29). In addition, studies demonstrated that
SCFA can induce Treg differentiation and may therefore play an important role in dampening abnormal
immune responses (19, 30, 31). We and others showed that T cell activation in the presence of SCFA
enhanced the expression of GPR15, preferentially on CD4" Tregs. Therefore, the diminished production
of SCFA in the inflamed colon could explain the reduced expression of GPR15 on CD4" Tregs in the
inflamed colons of UC patients. However, in our studies we were not able to discriminate between fecal
samples from noninflamed and inflamed regions of patients with active UC. Therefore, we can only specu-
late on a connection between SCFA and GPR15 expression in the inflamed colon.

In line with our findings, treatment of mice with a combination of broad-spectrum antibiotics, which
also strongly disturb the microbial composition, led to a decreased expression of GPR15 in the colon
(12), further suggesting that GPR15 expression can be modulated in vivo depending on the microbial
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microenvironment. Furthermore, the physiological ligand of GPR15 is hitherto unknown, but identifying
this ligand would allow to further elaborate the stability of GPR15 expression and to analyze whether the
receptor-ligand binding has an impact on the expression of GPR15.

In conclusion, our studies show that the GPR15 expression on CD4" T cells is altered in patients suffer-
ing from UC, and we demonstrate the modulation of GPR15 expression by bacterial metabolites. Under-
standing the interplay among the microbiota, its metabolites, and the trafficking of T cells to the colon is
of high relevance for the maintenance of intestinal homeostasis and for the development of novel therapies
that aim at controlling intestinal inflammation. However, one important next step will be to identify the
natural ligand of GPR15 in order to better define the physiological role of GPR15 in health and disease.

Methods

Patients and samples
Blood samples. Blood samples were obtained from healthy volunteers (5 male, 10 female; mean age: 37 *
3.67 years) and from UC patients (Table 1). The diagnosis of UC was established by standard criteria. All
blood donors were nonsmokers.

Biopsy specimens. Endoscopic mucosal biopsies were obtained from a total of 27 UC patients and
7 healthy volunteers (Table 1) undergoing colonoscopy. For UC patients, biopsies were taken from
macroscopically inflamed or noninflamed tissues. All patients were scored by the Mayo endoscopic
activity index (EI) as described previously (32). An EI > 3 was set as standard for active disease. All

UC patients were nonsmokers.
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insight.jci.org

RESEARCH ARTICLE

A ) total SCFA butyrate
*k — * -O- baseline
=) N -@ active colitis
S 150- S 301
£ £
= 100 'S 20
I e
@) | S, 104
& 50 -..g 10
0- 0
B Teff Treg
; I Teff Tre
g
tL) *
) © 40+ 40+ —
7.7 % 250% o 307 301 ./.
E————— o
LZ 2. E/El 204 ./.
> _u
@ | | T 0[]
2 0 ol @11
E (f -SCFA + SCFA -SCFA +SCFA
O 8.3 % 36.1%

GPR15

Figure 6. The short-chain fatty acid metabolism is significantly disturbed during ulcerative colitis. (A) Fecal samples from ulcerative colitis patients
were analyzed for short-chain fatty acids by gas chromatography. n = 16. (B) Induction of GPR15 by SCFA was determined using purified Tregs and effec-
tor T cells (Teffs) from PBMCs of healthy donors. Isolated cells were stimulated for 3 days in the presence (+SCFA) or absence (-SCFA) of SCFA (butyrate,
propionate, and acetate). Cells were stained for CD4 and GPR15 expression. Representative plots of one individual experiment are shown. Data from 4
individual experiments are shown as mean + SEM. Statistical analysis was performed by Student’s t test (*P < 0.05; **P < 0.01).

Isolation of PBMCs and colonic lymphocytes

Blood samples from UC patients and healthy donors were collected in NH4-Heparin Monovette tubes
(Sarstedt). To isolate PBMCs, blood was centrifuged with Bicoll density gradient (Biochrom AG). Isolated
cells were washed with PBS containing 2 mM EDTA and 2% fetal calf serum (PAA Laboratories) and
stored in cell culture medium containing 10% fetal calf serum and 10% DMSO (Carl Roth GmbH) in
liquid nitrogen. Colonic biopsies were obtained from healthy volunteers and UC patients undergoing colo-
noscopy, and lymphocytes were isolated directly. Therefore, biopsies were smashed through a 70-um cell
strainer and washed with IMDM, after which cells were analyzed by flow cytometry.

Antibodies and flow cytometry

PBMCs and colonic lymphocytes were stained with fluorochrome-labeled anti-human CD4 (RPA-
T4; ebioscience), GPR15 (FAB3654; R&D Systems), CD8 (RPA-TS; ebioscience), CD19 (HIB19;
ebioscience), CD11b (ICRF44; BD), CD14 (M5E2, BD), CD1l1c (11C1; BioLegend), CD123 (6H6;
ebioscience), BDCA2 (201A; ebioscience) o4 integrin (9F10, BioLegend), and B7 integrin (FIB504,
BioLegend). Fixable Viability Dye (ebioscience) was used to stain for dead cells. Intracellular detection
of FoxP3 was performed using the FoxP3 staining kit (ebioscience) and anti-human FoxP3 antibody
(PCH101, ebioscience). Cells were analyzed by flow cytometry on a FACS Canto using DIVA software
(both from BD Bioscience).

Proliferation assay

GPR15" and GPR15°CD4* T cells were sorted from PBMCs of buffy coats from healthy donors using
a FACSAria IT cell sorter (BD). 0.7 x 10° to 1 x 10° cells (depending on the blood donor) were labeled
with cell proliferation dye eFluor 670 (ebioscience) and cultured in the presence of the Treg Suppres-
sion Inspector (Miltenyi Biotec) for 3 days. All cells were cultured in IMDM with GlutaMAX (Invit-
rogen) supplemented with 10% heat-inactivated fetal calf serum (PAA Laboratories), 25 mM HEPES

https://doi.org/10.1172/jci.insight.90585 8
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Table 1. Sociodemographic characteristics of the study sample

Age: mean + SD (yr)
Sex: f/m
Ulcerative colitis

Time since diagnosis:

mean * SD, yr
Medication (n)
5-ASAA
Corticosteroids®
Thiopurinet
Biologics®

PBMCs (n = 14) Colonic biopsies Fecal samples (n = 16)

(healthy volunteers) (n = 8)

Colonic biopsies
(UC patients) (n = 27)

35.40 £14.97 4738 £14.00 43.87 +£16.94 4319 +£10.90
8/6 6/2 13/14 10/6
14 0 27 16
5.79+790 - 9.94+8.73 11.69 £ 8.83
6 - 19 18
2 = 4 0
2 - 5 0
3 = 2 0

f, female; m, male. AMesalamine. 8Prednisolone; budesonide. “Azathioprine; 6-mercaptopurine. °Adalimumab, vedolizumab.

(Biochrom), 100 U/ml penicillin (Sigma-Aldrich), and 0.1 mg/ml streptomycin (Sigma-Aldrich). Pro-
liferation was assessed by the loss of the fluorescent dye and measured by flow cytometry on a FACS
Canto using DIVA software. Supernatant was collected for the detection of secreted cytokines.

Cytokine detection

GPR15* and GPR15CD4" T cells were sorted from PBMCs of UC patients and healthy volunteers;
CD25"CD127°GPR15* or GPR15CD4* Tregs, CD25 CDI127"GPR15* or GPR15CD4* Teffs were sorted
from PBMCs of buffy coats from healthy donors using a FACSAria II cell sorter. 1 x 10* to 10 x 10* cells
(depending on the blood donor) were cultured in the presence of the Treg Suppression Inspector for 3 days.
Supernatant was collected, and cytokine production was quantified using the polystyrene bead-based Luminex
Assay (R&D Systems) and was performed according to the manufacturer’s instructions. The assay was run on
a Luminex 200 instrument (Luminex Corporation).

In vitro migration assay

Sorted CD4*GPR15 and CD4*GPR15* T cells of healthy blood donors were subjected to a migration
assay using Transwell chambers (Corning). SDF-1 (50 ng/ml; R&D Systems) was diluted in cell culture
media and added to the bottom chamber of the Transwell plates. 5 x 10° GPR15™ cells or GPR15" cells,
respectively, were added to the upper Transwell insert and incubated for 4 hours at 37°C, after which the
cells were collected from the lower chamber and counted. The migration index was determined as the ratio
of migrated cells toward SDF-1 in comparison to cell migrated to media alone. Migrated GPR15CD4* T
cells and GPR15CD4" T cells were stained for FoxP3, and the migration index was calculated for FoxP3-
and FoxP3*CD4* T cells, respectively.

RNA isolation and quantitative real-time PCR

RNA was obtained from colon biopsies using the RNeasy Fibrous Tissue Kit (Qiagen). Following DNase
digestion (Qiagen), cDNA was synthesized with M-MLV Reverse Transcriptase (Promega) and OligodT
mixed with Random Hexamer primers (Invitrogen). Real-time RT-PCR was performed using the SYBR
Green PCR kit (Fermentas/Thermo Fisher Scientific) and specific primers for GPR15 (5' CCATTGT-
GTGGCCAGTCGTA; 3" GAAGAGTAGGCAACCCCAGC), FoxP3 (5" GAACGCCATCCGCCA-
CAACCTGA; 3' CCCTGCCCCCACCACCTCTGC), CXCR4 (5' GCCTTATCCTGCCTGGTATTGTGC;
3’ GCGAAGAAAGCCAGGATGAGGAT), SDF-1 (5" GTGAGGCCAGGGCAGAGTGAGACC; 3
CTTTTGCGGGGCCATGGAGACAGT), GATA3 (5' GCATCCAGACCAGAAACCGAAAAA; 3
GCATGTGGCTGGAGTGGCTGAAG), Tbet (5" GATGTTTGTGGACGTGGTCTTG; 3" CTTTCCA-
CACTGCACCCACTT), RORc (5' CTGGGCATGTCCCGAGATG; 3' GAGGGGTCTTGACCACTGG),
and RPS9 (5' CGCAGGCGCAGACGGTGGAAGC; 3' CGAAGGGTCTCCGCGGGGTCACAT) on
an ABI PRISM cycler (Applied Biosystems, Life Technologies). Relative RNA levels were determined with
included standard curves for each individual gene and further normalization to the housekeeping gene RPS9.
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Measurement of fecal SCFA levels

Fecal samples from UC patients (Table 1) were analyzed for SCFA by gas chromatography. For this,
feces were suspended in saline solution. After homogenization and centrifugation, the supernatants were
intensely mixed with saline and diethyl ether and spiked with methylacrylate. After freezing of the mixture
for at least 6 hours at —25°C, the organic phase was isolated and analyzed. This was performed with a Shi-
madzu GC-2010 Plus gas chromatograph fitted with a 25 m x 0.20 mm i. d. PEG column (BP 21, SEG)
and a flame ionization detector. Ultra-high-purity helium was used as carrier gas.

Induction of GPR15 by SCFA in vitro

Tregs and Teffs were purified from PBMCs of healthy blood donors using the CD4* CD25* Regulatory T Cell
Isolation Kit (Miltenyi Biotec) according to the manufacturer’s instructions. Isolated cells were stimulated with
Treg Suppression Inspector beads (Miltenyi Biotec) in the presence or absence of a mixture of SCFA (0.25 mM
butyrate, 1 mM propionate, 0.5 mM acetate; all from Carl Roth) and cultured for 3 days. The expression of
GPRI15 on stimulated cells was assessed by flow cytometry on a FACS Canto using DIVA software.

Statistics

All results are expressed as mean = SEM. Differences between 2 groups were assessed by 2-tailed Stu-
dent’s ¢ test. For multiple comparison analysis, statistical analysis was performed using 1-way ANOVA fol-
lowed by Tukey’s post-hoc multiple comparison test. Data analysis was performed with Prism 5.0 software
(GraphPad). Statistical significance was set at the level of P < 0.05.

Study approval

Informed consent was obtained from all patients. Ethical approval was provided by the Medical Faculty
of the University of Luebeck (02-073,03-043) for UC blood samples and by the Faculty of the University
of Duisburg-Essen (15-6183-BO) for the biopsy specimens, respectively. Buffy coats of healthy adult blood
donors were obtained from the Institute of Transfusion Medicine and approved by the internal review
board of the University Hospital Essen.
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