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Intestinal CDIO3"CD4" and CDIO3"CD8" T-Cell Subsets in the
Gut of Inflammatory Bowel Disease Patients at Diagnosis and
During Follow-up
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Background: The integrin CD103 is proposed to be a potential therapeutical target in inflammatory bowel disease (IBD), as it can form a
heterodimeric integrin with 37 (Etrolizumab, anti-37 integrin) on epithelial T cells. Therefore, we aimed to study the frequencies of different in-
testinal CD103*T-cell subsets, both CD4* and CD8*, in newly diagnosed, untreated IBD patients at baseline and during follow-up, compared
with healthy controls.

Methods: Intestinal biopsies from inflamed segments during colonoscopy and peripheral blood samples were prospectively taken from IBD
patients at diagnosis and during follow-up. Blood and single cell suspensions from biopsies were analyzed for CD103* T-cell subpopulations by
flow cytometry and expressed as median percentages of the total T-cell population.

Results: In total, 75 Crohn’s disease (CD) patients, 49 ulcerative colitis (UC) patients, and 16 healthy controls were included. At presentation,
IBD patients displayed lower percentages of CD103*T-cell subsets in inflamed biopsies: 3% (1 to 5) CD103*CD4" in IBD vs 5% (5 to 7) in healthy
controls (P = 0.007) and 9% (4 to 15) CD103*CD8* compared with 42% (23 to 57) in healthy controls (P = 0.001). The majority of intestinal T
cells was composed of CD103-CD4* T cells (65% [52 to 74]) in IBD compared with 30% (21 to 50) in healthy controls (P = 0.001). In patients
with endoscopic remission during follow-up (n = 27), frequencies of CD103* and CD103-T-cell subsets were comparable with healthy controls.

Conclusion: At diagnosis, active inflammation in IBD was associated with decreased percentages of both CD103*CD4* and CD103*CD8*T-cell
subsets in colon and ileum biopsies. In active disease during follow-up, these T-cell populations remained low but increased in remission to values

comparable with healthy controls. A shift toward more CD103T cells was observed during active inflammation.
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INTRODUCTION

Aberrant and inordinate immune responses to environ-
mental triggers may cause chronic active mucosal inflammation
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in a genetically susceptible host, leading to chronic gut inflam-
mation disorders such as Crohn’s disease (CD) and ulcerative
colitis (UC). T lymphocytes are pivotal in the immune response
associated with inflammatory bowel disease (IBD).!:2

Regularly, the gut homing phenotype, characterized by ex-
pression of the a4f37 integrin, is induced on naive T cells after
encounter with their cognate antigen in the gut-associated lym-
phoid tissue (GALT), smaller lymph aggregates, and mesenteric
lymph nodes.’ In IBD, increased recruitment of these primed
effector T cells to the intestinal mucosa has been described by
the binding of the a4f7 integrin to MAdCAM-1 on endothe-
lial cells.* After entrance to the lamina propria, in the presence
of TGF-beta, aEB7* may be brought to expression on specific
T-cell subsets.>¢

The o EB7* integrin is considered to be of importance in
modulating homeostasis of memory T cells by mediating selec-
tive retention of these T lymphocytes in the intestinal epithelia
and lamina propria through its binding to E-cadherin.” Alfa E
(aE) can only form a heterodimer with 37, whereas 37 can bind
to both oE and a4. Gene expression of aE7* differs from the
expression of this integrin on the cell surface because intracel-
lular regulatory events might inhibit translation of mRNA to
oEB7" integrin present on the cell surface.® The o EF7" integrin
can be identified with monoclonal antibodies recognizing the
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CD103 subunit on the cell surface by flow cytometry; therefore,
we refer to CD103* when oFE is expressed on T cells.’

Currently, treatment options preventing the gut-specific
migration of T cells in IBD are being extended with antibodies
against different integrins like a4f37 (anti-04p7, Vedolizumab)
and CD103*(aE)p7 (anti-p7, Etrolizumab) and adhesion mole-
culessuchas MAdCAM-1 (anti-MAdCAM-1, PF-00547659).3.1°
In animal models, blocking 37* by a combination of anti-a437
and anti-oEf7 antibodies suppressed accumulation of the
CD103*CD8" T cells but had no effect on the accumulation of
the pro-inflammatory CD103*CD4" T cells in the gut mucosa.!!
Assessment of the relative numbers of different CD103*(a.E)pB7*
T-cell subsets in the inflamed gut mucosa could be useful to
identify patients suitable for different treatment strategies.

The major T-cell subsets, including CD4* and CD8* T
cells, may have different functions within the mucosal CD103*
T-cell population. A potential pro-inflammatory role was
allocated exclusively for the CD103*CD4* subset, whereas
functional investigation could not confirm this role for the
CD103*CDS8* T cells in the gut of UC patients.!> The latter
seems to belong to the tissue-resident-memory T cells (TR Ms)
with an immunosurveillance and protective function in different
human tissues, also presumable for the intestinal mucosa.!® In
addition, CD69 is another marker for TRMs and distinguishes
the resident population from circulating memory T cells to-
gether with CD103. Also, CD69 is well known as a marker of
activated cells, most often lymphocytes and natural killer cells.!*
However, the frequencies of the different CD103*(CD69*)CD4*
and CD103*(CD69*)CD8* T-cell subsets have not been studied
in newly diagnosed IBD patients so far.

In our previous study, we observed lower percentages of
overall CD103* T cells in IBD patients with active disease com-
pared with healthy controls in biopsies of ileal and colonic mucosa
analyzed together.”® The present study is a continuation of this
work, expanding the patient population, analyzing ileal and co-
lonic biopsies separately for the determination of the percentages
of CD103*CD4* and CD103*CDS8* subsets, performing addi-
tional phenotypical analysis, and studying both newly diagnosed,
untreated IBD patients at presentation and during follow-up.

PATIENTS AND METHODS

Patients

Patients with IBD were prospectively recruited at the
Department of Gastroenterology and Hepatology in Rijnstate
Hospital in Arnhem, the Netherlands, a referral hospital for
IBD patients. Patients suspected of IBD based on clinical
symptoms (chronic diarrhea, rectal blood loss, abdominal
pain, or weight loss) and/or calprotectin values underwent ile-
ocolonoscopy as part of their initial diagnostic workup. The
diagnosis of IBD was based on clinical, endoscopic, and his-
topathological features according to the ECCO guidelines.'® !’
Exclusion criteria consisted of concomitant or previous use
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of immunosuppressive medication and the presence of other
autoimmune disorders or malignancies. We included healthy
controls (HCs) that underwent ileocolonoscopy for polyp sur-
veillance or iron deficiency. Enrolled healthy controls had no
history of autoimmune diseases. During ileocolonoscopy, mac-
roscopically normal colonic and ileal mucosa of HCs was iden-
tified and subsequently microscopically confirmed. At the time
of inclusion, all IBD patients were naive to immunosuppressive
treatment (eg, steroids, thiopurines, aminosalicylates, and bio-
logics). Follow-up ileocolonoscopy was performed as part of
standard care in 42.7% of the included IBD patients.

After initial diagnosis of IBD, treatment was initiated
according to the step-up approach. Crohn’s disease patients
started with corticosteroids, followed by maintenance treatment
with immunomodulators (primarily thiopurines) and when in-
effective anti-TNFo treatment was prescribed. Preparations
with aminosalicylates or corticosteroids were the first options
of treatment in patients with UC. In case of nonresponse, thio-
purines or anti-TNFa treatment was initiated. The follow-up
period ranged from diagnosis until the last visit at the outpatient
clinic. We reported the highest treatment step that was taken to
reach remission in this follow-up period. This step was defined
as the last treatment applied using the step-up approach.

Definition of Disease Activity

The Mayo score (0 to 3 scale) was used to assess endo-
scopic severity of disease activity at primary diagnosis and
during follow-up endoscopy in UC patients. Patients with in-
active disease were in endoscopic remission, defined as a Mayo
score of 0." The simple endoscopic score for CD patients
(SES-CD, scale from <4 to >19) was used to assess endoscopic
severity of disease activity at primary diagnosis and during fol-
low-up in CD patients. Patients with inactive disease were in
endoscopic remission, defined as a SES-CD <7 and <4 for ile-
um-only CD patients."

Location and behavior of disease was reported for both
entities according to the Montreal classification.'® The Harvey-
Bradshaw index was reported for evaluation of clinical com-
plaints in Crohn’s disease and Mayo severity score for UC
patients.”

Methods

Tissue handling and flow cytometry

At the time of initial diagnosis and during follow-up ile-
ocoloscopy, 4 to 6 biopsies were taken from the most inflamed
ileal and/or colonic parts of the mucosa, respectively. When
ulcerations were present, these biopsy specimens were taken
from the inflamed mucosa on the edge of the ulcerations.

In case of remission during follow-up endoscopy, biopsied
specimens were taken from the same segments as at initial inves-
tigation. If patients had active disease during follow-up endos-
copy, biopsies were taken from the most inflamed mucosal areas.
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Biopsied specimens from healthy controls were taken from ileum
and colon to perform flow cytometric analysis and regular histo-
logical evaluation. Parallel to the flow cytometric analysis, biop-
sies were histologically evaluated for the confirmation of chronic
active inflammation. Specimens for flow cytometric analysis
were collected in a phosphate-buffered saline solution at 2-8°
and analyzed within 8 hours. To preserve all cell surface proteins
for phenotyping, we avoided enzymatic digestion and used me-
chanical preparation of a single cell suspension. Specimens were
pooled and blended in Hanks’ 1% bovine serum albumin using
a 70-mm gaze and spatula followed by Ficoll density gradient
centrifugation. The homogenate was resuspended after washing
in 0.5 mL Hanks’ 1% bovine serum albumin. The concentration
of mononuclear cells in the suspension was estimated by micro-
scopic counting with a KOVA glasstic slide (Hycor Biomedical
Ltd., Penicuik, United Kingdom), following the same protocol
as in our previous study."

Two hundred pL of the total cell suspension was used
for flow cytometric analysis (FACSCanto, BD Biosciences).
The total intestinal CD3* T-cell population was reported as
a percentage from the whole lymphocyte population. The dif-
ferent CD3* T-cell subpopulations (ie, CD8*, CD4*, CD103*,
CD103-CD69*, CD69, FoxP3*, FoxP3- and Ki-67* T cells)
were reported as a percentage of the total CD3* popula-
tion. The CD103*(CD69%) and CD103(CD69*) T cells were
also expressed as a percentage of the CD3*CD4* and the
CD3*CD8" subset, respectively. Antibodies and reagens used
for flow cytometry were all obtained from Becton Dickinson
Biosciences, USA (Supplementary Table S1).

Peripheral blood handling and flow cytometry

Peripheral blood was withdrawn after initial ileocolo-
noscopy for measurement of C-reactive protein (CRP) and for
immunophenotyping. Immunophenotyping was performed on
whole blood (100 pl per monoclonal combination), followed by
erythrocyte lysing using FACS lysing solution (BD Biosciences)
and permeabilization (in case of intracellular staining: FACS
Fix/Perm solution BD Biosciences).

Statistical Analysis

The Shapiro-Wilk test was used to test whether the sample
was distributed normally. Categorical characteristics of patients
were presented as a number (n) with percentage and analyzed
using the %2 test in case of normal distribution; otherwise, the
Fisher exact test was performed. Medians of continuous vari-
ables were reported with 25th and 75th percentile (interquartile
range [IQR]) in case the distribution was not normal. In case
of a normal distribution, different T-cell subsets were analyzed
with the independent 7 test; otherwise, the Mann-Whitney U
test was performed. Patients in the follow-up group were com-
pared with their own baseline values using the Wilcoxon signed
ranks test or the paired ¢ test. The Spearman test was used to
test the correlation between the different T-cell subsets and

the SES-CD score in CD and the Mayo in UC patient; if both
variables were continuous, we performed the Pearson rank test.
Statistical significance was accepted if the probability of a type
I error did not exceed 5%. Data were analyzed with SPSS sta-
tistics (version 22.0.0.0; IBM Corp, Armonk, NY, USA) and
GraphPad Prism (GraphPad Software version 7.0, La Jolla,
CA, USA).

Ethics

The study protocol (NL28761.091.09) was approved
by the research ethics committee of the Radboud University
Nijmegen Medical Centre (CMO Regio Arnhem-Nijmegen).
Written informed consent was obtained from each participating
patient before any study-related procedure was performed. The
procedures were performed in accordance with the Declaration
of Helsinki (version 9, 19 October 2013).

RESULTS

Study Population

The baseline characteristics of all patients and HsC are
presented in Table 1. In total, 75 CD patients, 49 UC patients,
and 16 HCs were included. Crohn’s disease and ulcerative co-
litis groups were comparable for age and gender (P = 0.37 and
P = 0.15). Patients with CD had higher baseline CRP levels
(P = 0.001), more extraintestinal manifestations (P = 0.004),
and fewer family members with IBD (P = 0.005) compared
with UC patients. More CD patients were smokers at initial
presentation compared with UC patients (P = 0.004). Patients
with CD also had a longer history of complaints before diag-
nosis during initial ileocolonoscopy (P = 0.017).

After diagnosis, the majority of CD patients needed
immunomodulators (n = 41, 54.7%). The majority of UC
patients reached remission on aminosalicylate preparations
(n =30, 61.2%). No patients were treated with Vedolizumab or
Etrolizumab.

Frequencies of Intestinal CD103*T-Cell Subsets
at Baseline

Ulcerative colitis

The baseline frequencies of the different intestinal T-cell
subsets in UC can be found in Figure 1 and Supplementary
Table S2.

In colonic biopsies of UC patients, lower percentages
of CD103* T cells (11% [6 to 20]) were found compared with
colonic biopsies of HC (52% [34 to 61], P = 0.001). Both
CD103*CD4" and CD103*CD8* T-cell subsets were present in
lower percentages (respectively 3% [1 to 4]) and 9% [5 to 14]) in
UC compared with HCs (respectively 5% [5 to 7], P = 0.002 and
42%[23 to 57], P = 0.001). The CD103-CD4* T-cell subpopula-
tion predominates (69%) in colonic biopsies from UC patients
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TABLE 1. Patient Demographics

CD (n=175) UC (n=49) HC (n=16) P CD-UC
Median age at diagnosis in years (IQR) 27 (21-40) 30 (26-40) 43 (33-55) 0.37
Gender
Female, n (%) 49 (65.3%) 30 (61.2%) 14 (87.5%) 0.15
Male, n (%) 26 (34.7%) 19 (38.8%) 2 (12.5%)
Smoking at diagnosis
Yes 32 (42.7%) 7 (14.3%) 6 (37.5%) 0.004*
No 43 (57.3%) 41 (83.7%) 10 (62.5%)
Extraintestinal manifestations
Yes 18 (24.0%) 2 (4.1%) 0 (0%) 0.004*
IBD in family
Yes 7 (9.3%) 15 (30.6%) 1 (6.3%) 0.005*
Duration of complaints before diagnosis 0.017*
<3 months 27 (36.0%) 21 (42.9%) —
3-6 months 15 (20.0%) 18 (36.7%)
> 6 months 33 (44.0%) 9 (18.4%)
CRP at initial diagnosis 21 (9-61) 3(1-14) 1(1-6) 0.001*
Median clinical follow-up period in months (IQR) 32 (19-70) 28 (9-41) — 0.601
Baseline Mayo endoscopic score, n (%)
Mayo 0 0 (0%) — —
Mayo 1 — 9 (18.4%)
Mayo 2 30 (61.2%)
Mayo 3 10 (20.4%)
Baseline Montreal UC, n (%)
Extent
El: Ulcerative proctitis — 11 (22.4%) — —
E2: Left-sided UC 17 (34.7%)
E3: Extensive UC 21 (42.9%)
Severity
S0: Clinical remission 0 (0%)
S1: Mild UC 14 (28.6%)
S2: Moderate UC 23 (46.9%)
S3: Severe UC 12 (24.5%)
HBI score, n (%)
<5, remission 3 (4.0%) — —
5-7 mild disease 31 (41.3%)
8-16 moderate disease 33 (44.0%)
>16 severe disease 8 (10.7%)
Baseline SES-CD, n (%)
0-3 inactive disease 0 (0%) — —
4-10 mild disease 26 (34.7%)
11-19 moderate disease 33 (44.0%)
>19 severe disease 16 (21.3%)
Baseline Montreal CD, n (%)
Location
L1:ileal 26 (34.7%) — —
L2: colonic 32 (42.7%)
L3: ilealcolonic 17 (22.6%)
Behaviour
B1: nonstricturing, nonpenetrating 58 (77.3%)
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TABLE 1. Continued

CD (n=175) UC (n =49) HC (n = 16) P CD-UC
B2: structuring 13 (17.3%)
B3: penetrating 4 (5.3%)
P: perianal disease 11 (14.7%)

Highest step in treatment to reach remission — 0.001*
5-ASA 4 (5.3%) 30 (61.2%)
Oral steroids 6 (8%) 4 (8.2%)
Immunomodulators 41 (54.7%) 12 (24.5%)
Anti-TNF 20 (26.7%) 3(6.1%)
MTX 3 (4%) 0 (0%)
Anti-integrins 0 (0%) 0 (0%)
Resective surgery 1(1.3%) 0 (0%)

Follow-up Mayo endoscopic score n = 20, n (%) —

[Baseline Mayo score of the follow-up group, n [%]]

Mayo 0 7 (35%) [0[0%]]
Mayo 1 5(25%) [4[20%]]
Mayo 2 4 (20%) [10[50%]]
Mayo 3 4 (20%) [6[30%0]]
Follow-up SES-CD n = 32, n (%)

0-3 inactive disease 21(65.6%) —

4-10 mild disease 7 (21.9%)

11-19 moderate disease 3(9.4%)

>19 severe disease 1(3.1%)

* Significant P value <0.05.

at diagnosis compared with HCs, in concordance with a higher
CD4*/CD8" ratio of 3.0 (2.0 to 4.2) in patients vs 0.7 in HCs
(0.6 to 1.5, P =10.001).

There is no correlation between the severity of disease
(mayo score) at diagnosis and the numbers of the different
T-cell subsets (Supplementary Figure S1).

Crohn’s disease

The baseline frequencies of the different colon and
ileum T-cell subsets in CD can be found in Figures 1 and 2 and
Supplementary Table S2.

Colonic biopsies of active CD patients showed lower per-
centages of CD3*CD103* T cells (11% [7 to 21]) compared with
colonic biopsies of HCs (52% [34 to 61], P = 0.001). Numbers
of both CD103*CD4* and CD103*CD8"* T cells were decreased
compared with HC (42% [23 to 57]), with a more pronounced
decrease in the CD103*CD8* subset (9% [4 to 15], P =0.001). In
line with these results, the majority of the colonic CD8" T cells
(86%[66 to 100]) and CD4* T cells (92%[85 to 97]) were CD103-.
The CD4*/CD8" ratio within the total T-cell population in the
colon of CD patients was 2.4 (1.9 to 3.5) vs 0.7 in colon biopsies
taken from healthy controls (0.6 to 1.5, P = 0.001).

There were no statistical differences for any of the ana-
lyzed subsets between ileal and colonic location in CD patients,
nor between colonic CD and UC.

Concomitant perianal disease at initial diagnosis of CD
was associated with lower percentages of CD103* T cells, both
CD103*CD4" and CD103*CD8* T-cell subsets, in ileal biopsies
(respectively, 5.5% [2.75 to 8.25], 1.5% [1 to 2] and 4.25% [2.25
to 6.5]) compared with active ileal CD without perianal activity
(respectively 15.0% [7 to 35] P = 0.018, 4.0% [2-10], P = 0.039
and 11.0% [6 to 24] P = 0.027). However, there was no signifi-
cant correlation between the SES-CD score and the numbers of
the different T-cell subsets (Supplementary Fig. S1).

Smoking in CD was associated with higher CD103-CD8*
T cells (25.0% [17 to 31]) in the colon biopsies and higher
CD103*CD4* T cells (6.0% [3 to 13]) in ileal biopsies compared
with nonsmoking CD patients (respectively 19.5% [14 to 24]
P =0.011 and 3.0% [1.0 to 5.75] P = 0.03).

Additional Phenotypical Analysis of the CD103*
T-Cell Subsets at Baseline

CD69 as a marker of cell activation

In a smaller cohort of newly diagnosed IBD patients
(UC, n =10; CD, n = 1; and HCs, n = 4), CD69 staining was
performed. In the colonic biopsies of UC and CD patients,
lower percentages of CD103"CD8*CD69* T cells (respectively
7% [5 to 12] and 6% [4 to 10]) were demonstrated compared
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FIGURE 1. Baseline percentages of CD103*, CD103*CD4*, CD103*CD8*, CD103 CD4*, and CD103CD8* within CD3* T lymphocytes and the ratio
CD4+/CD8*T lymphocytes explored with FACS analysis on colonic biopsies of UC and CD patients with active colon disease compared with healthy

controls. *Significant P value.

with HCs (14% [8 to 21], UC vs HC, P = 0.14; CD vs HC,
P =0.05), similar to lower percentages of CD103*CD4*CD69*
T cells (UC 3% [2 to 6], CD 2% [1 to 4], HC 5% [3 to 9]; UC vs
HC, P=0.37;CD vs HC, P = 0.11) (Table 2).

Overall percentages of CD103*CD69* T-cell subsets were
higher in the ileum of CD patients and HCs compared with per-
centages in their colonic mucosa. Ileal CD was associated with
statistic significant lower percentages of CD103*CD69*, both
CD8" (19% [2 to 28]) and CD4* (5% [2 to 8]) T cells compared
with the ileum of HC (respectively 40% [29 to 61], P = 0.05, and
14%[9 to 21], P = 0.01) (Table 2).

FoxP3 as a marker for regulatory CD4* T cells

We found low percentages of CD103*FoxP3*CD25*CD4*
T cells both in colon and ileum, ranging from 0%—2% of the total
lymphocyte population (with no differences between HCs and
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IBD patients, P = 0.98). The majority of FoxP3*CD25*CD4*
regulatory T cells (Tregs) turned out to be CD103-.

Ki-67 as a marker for cell proliferation

CD103* T-cell subsets had a 2-fold higher fluorescence
intensity of Ki-67 compared with CD103- T-cell subsets (Table
3). This suggests a higher proliferation rate of the CD103* T
cells compared with the CD103- T cells.

CD103* T-Cell Subsets in Peripheral Blood at

Baseline

Percentages of the CDI103* T-cell subsets in periph-
eral blood mononuclear cells (PBMCs) were very low (<1%
within the CD3* population), with no differences between IBD
patients and HCs. (Supplementary Table S3)
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Frequencies of Intestinal CD103*T-Cell Subsets
During Follow-up

Ulcerative colitis

The frequencies of different intestinal T-cell subsets in
UC during follow-up can be found in Supplementary Table S4.

Percentages of different intestinal T-cell subsets from
UC patients in remission during follow-up were compared
with their own baseline and with HCs. In these patients, the
percentages shifted to levels comparable to HC (Figs. 3-5 and
Supplementary Table S4). There was a statistically significant
increase in percentage of CD103* T cells (both CD4" and
CDS8*) in patients in remission during follow-up when com-
pared with their own baseline values. The CD4*/CDS§* ratio
in remission (0.7 [0.57 to 1.53]) was comparable to the ratio in
healthy controls (0.7 [0.6 to 1.5]). In UC patients with active
disease during follow-up, T-cell subpopulations were compa-
rable to their baseline levels.

Patients with UC with active endoscopic disease during
follow-up had statistically significant lower percentages of
CD103*, both CD4* (3.0% [1 to 4]) and CD8* (6% [2 to 13])
compared with patients with inactive endoscopic disease (5.0%
[3 to 8] and 38% [18 to 45], P = 0.002). In active disease during
follow-up, the CD103- CD4* T-cell subpopulation was predom-
inant (76.0% [69 to 86]).

Crohn’s disease

The frequencies of different intestinal T-cell subsets in
CD during follow-up can be found in Supplementary Table S5.

Percentages of different intestinal T-cell subsets in co-
lonic and ileal tissue from CD patients in remission were
compared with their own baseline levels and HCs. In the ileal
tissue of these CD patients, the percentages of the different in-
testinal subsets reached levels comparable to HCs (Figs. 3-5
and Supplementary Table S5). This was a statistically signifi-
cant increase of CD103* T cells, both CD4* and CDS", in the
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TABLE 2. Baseline Percentages of CD103*CD4*CD69*, CD103*CD8*CD69*, CD103CD4*CD69*, and CD103"
CD8*CD69* Within CD3* T Lymphocytes Explored With FACS Analysis in Crohn’s Disease, Ulcerative Colitis and
Healthy Controls. Median percentages (IQR). *Significant P value <0.05. N = amount of analyzed biopsies.

Location of biopsies inflamed
mucosa at first presentation

CD3*CD103*CD8*CD69*%,

CD3*CD103:CD8*CD69*%,

CD3*CD103*CD8*CD69 %,

CD3*CD103 CD8*CD69 %,

CD3*CD103*CD4*CD69*%

d

CD3*CD103:CD4*CD69*%,

CD3*CD103*CD4*CD69 %,

CD3*CD103 CD4*CD69 %,

CD UC HC
Colon (n = 10) Ileum (n = 10) Colon (n = 10) Colon (n = 4) Ileum (n = 4) P
6.42 (4.3-10.4) 18.7 (1.5-27.8) 7.5 (4.6-11.8) 14.1 (8.3-21.2) 39.7(29.1-60.6)  0.14
,0.05%*
0.05*
4.4 (3.3-7.2) 2.4 (1.7-5.7) 5.7 (4.2-6.4) 3.1(1.7-3.7) 1.6 (1.4-1.9) L0.01*
,0.05%*
0.08
0.6 (0.4-0.8) 1.1 (0.4-1.6) 0.8 (0.4-1.8) 0.8 (0.6-0.9) 0.5(0.1-0.9) REO
,0.24
Q0.11
11.9 (7.9-12.7) 6.2(2.1-9.4) 6.0 (3.5-9.0) 4.6 (3.9-6.9) 1.2 (0.6-5.6) 0.73
,0.01%*
Q0.11
2.4(1.3-4.0) 5.3(1.8-7.7) 2.7(1.8-6.1) 5.1(2.6-9.0) 13.9 (8.8-20.9) ,0.37
0.1
0.01*
32.0(27.0-38.5)  32.7(19.2-37.9)  50.4(34.3-58.1)  45.7(33.3-47.8) 18.4(12.3-32.2) 037
0.14
0.19
0.0 (0.0-0.7) 0.4 (0.0-0.7) 0.7 (0.0-0.8) 0.0 (0.0-0.5) 0.4 (0.1-0.6) ,0.24
0.84
b

39.9(32.5-45.2)

33.3 (14.1-50.0)

23.2(18.2-25.4)

32.1(20.9-33.3)

101

17.5(7.7-23.7) 0.24

,0.08
0.11

P value comparison active UC colon with HC colon.
P value comparison active CD colon with HC colon.
P value comparison active CD ileum with HC ileum.

Percentages within CD3* T cells

TABLE 3. Ki-67 Expression on CD8*CD103*, CD8*CD103,, CD4*CD103* and CD4*CD103 T Cells. Geometric Mean

Fluorescence Intensity (IQR).

Location of biopsies inflamed mucosa at first presentation

UC colon (n = 11)

CD colon (n = 4)

CD ileum (n = 4)

CD3*CD8*CD103*ki67
CD3*CD4*CD103*ki67
CD3*CD8*CD103ki67
CD3*CD4*CD103ki67

848 (709-1263)
475 (334-894)
539 (454-666)
226 (221-309)

804 (573-1229)
510 (384-847)
453 (443-480)
275 (264-388)

624 (530-727)
472 (357-704)
594 (445-699)
317 (240-434)

ileum of CD patients with inactive disease during follow-up
(P =0.001, P =10.003, and P = 0.002). In line with these find-
ings, the percentages of CD103- T-cell subsets were decreased.
The CD4*/CD8" ratio in the ileum of patients with inactive dis-
ease was 0.73 (0.46 to 1.15), comparable to the ratio in healthy

controls (0.7 [0.6-1.5]).
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In comparison with the ileum, the percentages of
CD103*CD4" T-cell subsets in the colonic tissue of CD patients
with inactive disease only showed a trend toward levels seen
in HCs. The percentage of CD103*CDS8* T cells in the colon
increased statistically significant from baseline (P = 0.025). The

CD4*/CD8" ratio in the colon of patients with inactive disease
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FIGURE 3. Representative flow cytometric analyses of CD103*CD4*, CD103*CD8*, CD103°CD4*, and CD103-CD8* within CD3* T-lymphocytes on (A)
colonic biopsies of a CD patient with moderate to severe colonic disease during baseline and follow-up endoscopy, (B) colonic biopsies of a CD pa-
tient with moderate to severe colonic disease during baseline endoscopy and inactive disease during follow-up endoscopy, and (C) colonic biopsies

of a healthy control.

was 2.08 (1.3 to 2.33), statistically not different from healthy
controls (Figs. 3-5 and Supplementary Table S5). There were
also no differences between T-cell subpopulations in colon of
CD patients with active disease during follow-up compared
with their baseline levels.

DISCUSSION

In the present study, we found substantial differences in
the intestinal CD103* T lymphocyte subsets of patients with
active CD and UC compared with healthy controls and patients
in endoscopic remission. Percentages of CD103" T-cell subsets
were higher in inflamed ileum and colon of newly diagnosed
IBD patients compared with HCs and IBD patients in remis-
sion, with the majority consisting of CD103-:CD4* T cells.
Baseline numbers in active disease of both CD103*CD4" and
CD103*CD8"* T cells were decreased compared with HCs, with
a more pronounced decrease in the CD103*CDS8* subset. The
same differences were found in the CD103*CD69* T-cell sub-
sets. Percentages of CD103*CD4* and CDI103*CDS8* T cells

were low in patients with active disease during follow-up en-
doscopy, comparable to active disease at baseline. In patients
with endoscopic remission during follow-up, the proportion
of CD103*CD4* and CD103*CD8" T cells increased to levels
comparable to HCs.

The intestine of healthy humans comprises almost equal
proportions of CD4* and CD8* T cells, with marginally higher
numbers of CD8" T cells.”! The majority of intestinal CD103*
T cells belongs to the CD8* subset (76%).?! The present results
are in line with these findings, as we demonstrated a CD4/CD8
ratio of 0.7 to 1.2 and a predominance (75%-80%) of CD8" T
cells within the CD103* T-cell subset. The CD103 expression is
confined to a small subset (<2%) of circulating T lymphocytes,
which was confirmed in our cohort.!*?? After migration to the
mucosal tissue, CD103 expression on T cells is induced and
maintained by TGF-f, produced by epithelial and dendritic
cells.” The CD103 is expressed at high levels on T cells in the
skin, eyes, and in the mucosa of the gut and Iungs of healthy
patients,’! but also on dendritic cells, innate lymphoid cells and
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FIGURE 4. Intra-individual fold change, expressing the ratio between follow-up and baseline percentages of the different intestinal lymphocyte
subsets with either active or inactive endoscopic disease (A, CD3, CD4, CD8; B, CD103*, CD103*CD4+, CD103*CD8*; C, CD103:CD4*, CD103CD8*).
® Active UC (n=13). © Inactive UC (n = 7). AActive colon CD (n =9). A Inactive colon CD (n = 10). ® Active ileum CD (n = 6). B Inactive ileum CD

(n = 17). *Significant P value <0.05.

activate different T-cell subsets and were demonstrated to in-
duce a CD103*CD8* subset with regulatory function.*

In sarcoidosis, reduced frequencies of CD103*CD4* and
CD103*CD8* T cells were found in bronchoalveolar lavage

natural killer cells.”® Its function is exerted through binding
to E-cadherin on intestinal epithelial cells (IECs), mediating
cell adhesion and retention of T cells within the mucosa. On
the other hand, the IECs themselves are able to interact and
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fluid compared with patients with other interstitial lung dis-
ease (eg, hypersensitivity pneumonitis, idiopathic pulmonary
fibrosis, nonspecific interstitial pneumonia, and cryptogenic
organizing pneumonia).”® These reduced CD103* T-cell per-
centages, which are accompanied by a peripheral CD4* T-cell
lymphopenia, suggest a recruitment of CD4* T cells towards
lung tissue.

Other studies on CDI103 expression in IBD showed
contradictory results. Flow cytometric analysis by Elewaut
et al showed decreased percentages of CD103* T cells within
intraepithelial lymphocytes (IELs) in ileal and colonic tissue of
CD patients compared with HCs.?* No differences in numbers
of CD103" T cells were seen in the lamina propria (LP) of CD
patients compared with HCs.?® Analysis with immunohisto-
chemistry in another study showed no differences between IBD
and HC in frequencies of epithelial CD103*T cells but demon-
strated higher numbers of lamina propria CD103* T cells in
IBD.?”” Using immunohistochemistry and quantitative reverse
transcription polymerase chain reaction, Ichikawa et al showed
a higher proportion of aE* T cells in the ileum compared with
the colon of patients with long-standing CD and UC, as well as
in HCs. In CD patients with active colon disease, reduced num-
bers of the total amount of aE* T cells were seen compared
with HCs and UC patients. Overall, o.E levels were not affected
by inflammation and did not differ from HC.*

Regarding different CD103* T-cell subsets in IBD, higher
percentages of intestinal CD103*CD4* subsets were recently
described by performing immunohistochemistry in a small
number of UC and CD patients vs HCs. No difference was
found for the percentages of CD103*CDS8* T cells in neither
epithelium nor lamina propria of IBD patients compared with
HCs."! However, these patients were under treatment with anti-
04p7 antibodies (Vedolizumab), which could have influenced
the frequencies of 37* T-cell subsets in gut mucosa and periph-
eral blood. Therefore, these findings are not comparable with
our results in untreated patients. Further experiments in dex-
tran sulfate sodium mice models by the same authors demon-
strated an inhibitory effect of treatment with anti-p7 antibody
(Etrolizumab) on the accumulation of CD103*CD8* but not on
the CD103*CD4" T cells in the mucosa.!! Nevertheless, the per-
centage of CD103*CD4" of all intestinal CD103* T cells has
been reported to be very low; the majority of the CD103* T cells
is CD8".% In previously mentioned studies,'> 2% inflamed and
uninflamed biopsies of long-standing IBD patients under treat-
ment were statistically analyzed together, which could have influ-
enced the numbers of aE* T cells. The discrepancies between
studies can also be explained by the method used (immunohisto-
chemistry vs FACS) and the number of included patients.

The protein CD69 is a marker for early lymphocyte acti-
vation and tissue retention.'* We observed, however, that T cells
with a TRM phenotype (CD103* and CD69*) were present in
lower percentages in untreated newly diagnosed IBD patients
compared with patients with inactive disease and HCs. It is
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mainly the CD103(CD4*) T-cell population that is clearly
increased in active IBD. Expression of CD69, which also may
suggest activation, was not different on this CD103-CD4* T-cell
population in active IBD compared with HCs.

In a TNF-driven mice model of chronic ileitis,
CD103*CD8* T cells exerted regulatory functions by produc-
ing TGF-f, inhibiting proliferation of CD4" T cells and atten-
uating transferred ileitis in vivo.** Another study displayed an
essential role in mucosal immune regulation for CD103* T cells,
explained by regulatory T cell-mediated suppression of co-
litis, which was absent in CD103-deficient mice.*! Recently, a
pro-inflammatory role has been suggested for the CD103*CD4*
T cells in IBD, explained by expression of higher levels of
IFNy and TNFa; although this could not be demonstrated for
CD103*CDS8'T cells.!> The functional features of CD103*CD8*
are in need of further investigation in the future, as this subset
has been demonstrated to possess substantial regulatory capac-
ities in mice models.

In the present study, frequencies of CD103*CD4* and
CD103*CD8* T-cell subsets are described for the first time in a
large cohort of newly diagnosed patients, in inflamed and non-
inflamed ileum and colon samples analyzed separately, at base-
line and during follow-up. Our results are in line with previous
studies, showing that CD103* T cells in colon of HCs and IBD
patients in remission mainly consist of CD8" cells.?! The largest
intestinal T-cell subset involved in active IBD is the CD103-CD4*
subset. These higher numbers of CD103- T cells next to their low
proliferation level (Ki-67 fluorescence intensity) confirm a redis-
tribution from peripheral origin of this subset instead of a local
proliferation. Furthermore in our patients, frequencies of both
CD103"CD4* and CD103*CD8" subsets did not increase in the
inflamed gut mucosa during follow-up endoscopy. Therefore,
these findings do not underline an upregulation of CD103 on
intestinal T cells in the inflamed gut mucosa in time.

The proportion of CD103* T cells, CD4*, and CD8" sub-
sets increased in our patients reaching endoscopic remission.
We can also confirm that CD patients in remission and HCs ex-
press higher percentages of CD103* T cells in the ileum mucosa
compared with the colon. This is in line with previous studies
describing a linear decrease in the number of T cells expressing
CD103 from the ileum and ascending colon to rectum.?:3

A limitation of the present study might be the use of in-
testinal biopsies that do not reach the deepest layers of the in-
testinal wall such as the muscularis layer. This might lead to an
underestimation of the T-cell infiltration of the deepest layers
in CD patients with transmural inflammation. The mechanical
method used to preprocess the biopsy specimens before flow
cytometry might have had an influence on the absolute cell
numbers. However, in a recent comparison of different meth-
ods (mechanical, enzymatic and organ culture protocols), they
all proved to have their limitations.* In line with this method,
we were not able to distinguish the lymphocyte infiltrate in
lamina propria from the epithelium.
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In conclusion, CD103*CD4* and CD103*CD8" subsets
represent only a minority of the T-cell infiltrate in the inflamed
gut, and maintenance of these low numbers was seen in active
disease during follow-up. The majority of the mucosal infiltrat-
ing T cells in active IBD consists of the CD103-CD4" subset
both at diagnosis and follow-up. Therefore, we found no evi-
dence for an upregulation of CD103* on intestinal CD4* and
CD8" T cells during chronic inflammation in time.

SUPPLEMENTARY DATA
Supplementary data is available at Inflammatory Bowel
Diseases online.
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