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Vedolizumab blocks a4B7 integrin-mediated
T cell adhesion to MAdCAM-1 in microscopic
colitis
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Abstract

Background: In Crohn’s disease and ulcerative colitis, the anti-a4B7 integrin antibody
vedolizumab has demonstrated efficacy in phase Il trials and has been successfully
used under real-world conditions. Occasionally, it has also been used in other forms of

inflammatory bowel disease (IBD) such as microscopic colitis (MC). However, the mechanisms
of vedolizumab in MC have not been studied to date. Therefore, we aimed to investigate the

expression and functional role of gut-homing integrins and in particular a4p7 integrinin a
cohort study in MC.

Methods: We studied the expression of gut homing integrins on T cells from patients with
MC and healthy controls by flow cytometry. To investigate the function of 47 integrin

in MC and the potential of vedolizumab to block it, we used dynamic adhesion assays and
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transmigrations assays. Moreover, we describe two clinical cases of MC patients treated with
vedolizumab.

Results: A specific profile of gut homing markers can be found on T cells from patients e
with MC. a4B7 integrin functionally leads to firm adhesion to MAdCAM-1 and supports Erlangen, Erlangen,
transmigration. Vedolizumab is able to block both processes. In two cases of MC, we observed S:;;iinayn.zundlerrauk-
reduced clinical symptoms and histologic improvement upon therapy with vedolizumab. erlangen.de
Conclusion: Our data suggest that a4B7 mediates gut homing of T cells also in MC and that, on  LauraBesendort

Ines Schneider
single cell level, vedolizumab blocks the function of a4f7 in MC. Thus, we provide mechanistic  Laura Miiht
evidence supporting vedolizumab as promising therapeutic option for MC. ?egifjgiﬂ;‘;fofgﬁ'ai'”e
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Introduction umbrella term for lymphocytic colitis (LC) and ;rl‘i’;'g;s';ynzgfl'xal
Inflammatory bowel diseases (IBD) comprise collagenous colitis (CC), which are characterized  alexander-Universitat
several entities of chronic immune-mediated dis- by increased intraepithelial lymphocytes and a EEEESEEEZ[&ZT?
orders of the gastrointestinal tract.! In addition to  thickened subepithelial collagen band, respec- Demsche's Zentrum
Crohn’s disease (CD) and ulcerative colitis (UC), tively.%” Despite these morphological differences, Immuntherapie (DZ),
microscopic colitis (MC) has recently attracted MC is often treated as a single entity in clinical E:@’j;‘;ﬂﬁ;ﬁgi
increasing attention.? practice®? due to similar clinical appearance and  Germany
management of LC and CC. Carol-Immanuel Geppert
MC describes disease entities marked by chronic Institute of Pathology,
y University Hospital
watery, non-bloody diarrhea and often unremark- The standard treatment for MC is budesonide, Erlangen, Friedrich-
. . . . . . . Al der-Uni itat
able endoscopic findings,>* but specific histo- which has proven efficacy for the induction!®!! Erfaxsgeﬁr,\,u::s;f;a
pathological alterations.” More precisely, it is an and maintenance of remission.!?1* However, it is  Erlangen, Germany
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not effective in all patients and the long-term use
of corticosteroids is controversial.

Thus, alternative therapeutic options for MC
have been explored, particularly drugs modulat-
ing the immune system such as azathioprine or
anti-tumor necrosis factor alpha (TNF-a) anti-
bodies that are also used in other forms of IBD.!5
One of these is vedolizumab, an anti-a4p7 integ-
rin antibody, which has been approved for the
treatment of CD and UC in 2014.1%17 047 inte-
grin is the functional ligand of mucosal address-
ing cell adhesion molecule (MAdCAM)-1,!8
which is almost exclusively found on the endothe-
lium in the gut.!® It is expressed on several
immune cell populations and specifically induced
on T and B lymphocytes during priming in the
gut-associated lymphoid tissue by retinoic acid
derived from retinaldehyde dehydrogenase-
expressing intestinal dendritic cells.20

Theinteraction of a4B7 integrin with MAdCAM-1
is a central step of the so called gut homing pro-
cedure. Gut homing is the process of immune cell
extravasation from the blood stream to the intes-
tinal tissue.?! It is initiated by loose interactions of
circulating immune cells with endothelial select-
ing ligand and cell adhesion molecules (CAMs)
leading to slow rolling along the vessel wall.
Following cell activation by tissue mediators, an
active conformation of surface integrins is induced
and these may then firmly bind to CAMs such as
MADCAM-1 or vascular cell adhesion molecule
(VCAM)-1 on the endothelium. This binding
leads to arrest of the immune cells and is a prereg-
uisite for subsequent transmigration to the tis-
sue.?? Since 04p7-MAdCAM-1 interactions are
almost completely confined to the intestine, inter-
ruption of immune cell homing by vedolizumab is
considered a gut-specific approach.

Although the exact pathogenesis of MC is unclear
so far, the immune system and a dysbalanced
immune response seem to play a key role.® Thus,
blocking intestinal immune cell extravasation
with vedolizumab has been proposed as a treat-
ment for MC.?3:24

However, the expression and function of a4p7
integrin and other gut-homing markers has not
been determined in MC yet. Therefore, in this
study, we aimed to explore the expression of gut
homing integrins on T cells and to determine
their dynamic adhesion to MAdCAM-1 as well as

their transmigration capacities in a cohort of
patients with MC. We show that MC is charac-
terized by specific integrin expression profiles on
T cells and that a4B7 integrin on T cells from
patients with MC is functional for adhesion and
transmigration. Our data substantiate, on a
mechanistic level, vedolizumab as a promising
alternative treatment option in MC.

Materials and methods

Patients and samples

We performed a cohort study with patients with
MUC. Peripheral blood from patients with MC
(total n=13) and from healthy control donors
(total n=13) was collected following informed
written consent according to the approval of the
Ethics Committee of the Friedrich-Alexander-
Universitit Erlangen-Nirnberg (40_16B,
426_20B). The patients were recruited in the
IBD Outpatient Clinic of the Department of
Medicine 1 of the University Hospital Erlangen
from April 2020 to November 2021. 53.8% of the
included patients were diagnosed with lympho-
cytic colitis and 46.2% with collagenous colitis.
Clinical data are summarized in Table 1.

Depending on material availability, patient sam-
ples were used for one or more of the experimen-
tal approaches described below.

STROBE guideline documentation is included as
Supplementary Material.

Flow cytometry

To analyze the expression of the integrins a4f7,
o4pl, alLB2, a2p1, and aMB2 on CD3*, CD4",
and CD8" T cells, we performed flow cytometry of
peripheral blood mononuclear cells (PBMCs).
PBMUC s were isolated using standard density gradi-
ent centrifugation with Lymphocyte Separation
Medium (Anprotec). After PBMC isolation, the
cells were stained with Fixable Viability Dye eFluor
780. Afterwards, the cells were washed with PBS
and stained with antibodies against CD3 (VioGreen,
REA613, Miltenyi), CD4 (FITC, VIT4, Miltenyi),
CD8 (PerCP/Cy5.5, RPA-T8, Biolegend), o4
(VioBlue, MZ18-24A9, Miltenyi), 7 (PE, FIB27,
Biolegend), 1 (AF647, TS2/16, Biolegend), o2
(PE-Vio770, REA188, Miltenyi), ol. (PE/Cy7,
HI111, Biolegend), aM (PE, ICRF44, Biolegend),
and B2 (APC, TS1/18, Biolegend). Samples were
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Table 1. Patient and control cohort.

Microscopic colitis Healthy controls

Number of patients 13 13

Lymphocytic colitis (%) 7 (53.8)

Collagenous colitis (%] 6 (46.2)
Female (%) 92.3 62
Age Age (mean, range) 53.3 (25-82) 32.1 (24-56)
Current therapy (%) Infliximab 30.8 /

Budesonide 38.5 /

None 30.8 /

Characteristics of patients with microscopic colitis and healthy controls providing samples for the study.

fixed with the Foxp3/Transcription Factor Staining
Buffer Set (eBioscience) and flow cytometry was
performed on LSR Fortessa (BD) and MACSQuant
(Miltenyi Biotec) instruments.

Dynamic adhesion assay

To assess dynamic T cell adhesion, CD4* T cells
were isolated with immunomagnetic beads
(Miltenyi Biotec) according to the instructions of
the manufacturer and stained with carboxyfluo-
rescein succinimidyl ester (CFSE) for 15 min at
37°C. Subsequently, the cells were resuspended at
1.5 million cells/ml in RPMI 1640 medium
(Thermo Fisher) with 1% penicillin/streptomycin
(Biochrom) and 10% FBS (Pan Biotech). Cells
were then treated with or without 10 pg/ml of the
anti-a4Pp7 integrin  antibody  vedolizumab
(Takeda) for 1 h at 37°C. Cells were harvested
and resuspended in 1 ml adhesion buffer (pH 7.4;
150 mM NacCl, 10 mM HEPES, 1 mM CaCl,, 1
mM MgCl,, 1 mM MnCl,) at 1.5 million cells/ml.

In parallel, borosilicate glass capillaries (Vitrocom)
were coated with or without Fc-Chimera of
rhMAdCAM-1 (R&D Systems) at a concentra-
tion of 5 pg/ml in 150 mM NaCl with 20 mM
HEPES and incubated at 37°C. After at least 1 h
of incubation, the coating solution was removed
from the glass capillaries and 20 pl of 10% fetal
bovine serum (FBS) were inserted to block unspe-
cific binding sites. After another incubation for at
least 1 h at 37°C, the blocking solution was
removed again. The capillaries were then con-
nected to plastic tubes on both ends.

These tubes were inserted into a peristaltic pump
(Baoding ShenChen Precision Pump Company)
and perfused with the prepared cell solutions at a
flow rate of 10 ul/min. During perfusion, video
clips of 3 min were recorded using time-lapse con-
focal microscopy. The first and last three sequen-
tial pictures of the video clips were colored in
green, red, and blue and overlaid using Image]
(NIH) to specifically visualize stationary adhering
cells in white color. By calculating the difference
of adhering cells between both pictures dynamic
adhesion during the 3-min-period was quantified.

Transmigration assay

To assess T cell transmigration, CD4" T cells
were as well isolated as mentioned above. In par-
allel, wells of a 3 um 96-well transwell plate
(Corning) were coated with or without 50 ul of
rhMAdCAM-1 (R&D Systems) at a concentra-
tion of 5 pg/ml in 150 mM NaCl with 20 mM
HEPES. After 60 min of incubation at 37°C, the
solution was removed. In a next step, 160.000
cells CD4+ T cells were resuspended in serum-
free X-Vivo 15 medium (Lonza) with 1% penicil-
lin/streptomycin (Biochrom) and 1 mM MnCl, at
a concentration of 2 million cells/ml and were
filled into the inserts of the transwell plate. In
addition, vedolizumab at a concentration of 10
pg/ml was added or not. The lower wells of the
transwell plate were filled with 235 ul serum-free
X-Vivo 15 medium with 100 ng/ml FBS.
Subsequently, the transwell plate was incubated
for a transmigration period of 4 h at 37°C and,
afterwards, the number of cells in the lower wells
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was quantified using a MACSQuant flow cytom-
eter (Miltenyi Biotec). In all experiments, condi-
tions were analyzed in duplicates.

Statistical analyses

GraphPad Prism (GraphPad Software, Inc.) was
used for statistical analyses. Results are presented
as box plots indicating median and interquartile
range. Whiskers show 5th and 95th percentile.
Statistical differences between two test groups were
analyzed by one sample Wilcoxon test for normal-
ized data and with Mann—Whitney U test for not
normalized data. Statistically significant differences
were defined as an a value of p<<0.05. In the fig-
ures, significance levels are denoted by asterisks
(xp<<0.05, #xp<<0.01, =*xxp<<0.001).

Results

Specific integrin expression profiles on

circulating T cells from patients with MC

The expression of gut homing integrins on T cells
in patients with MC had been unclear so far. To
address this question, we performed flow cytome-
try of circulating T cells from patients with MC
(naive for anti-0437 therapy) and healthy controls.

The expression of the vedolizumab target mole-
cule a4B7 was not significantly different on CD3*
and CD4*" T cells between MC patients and
healthy donors, although it was numerically
increased on CD8" T cells in MC (Figure 1(a)).
Thus, T cells equipped for interacting with
MAJdCAM-1 to home to the gut are present in
the peripheral blood of patients with MC in sub-
stantial numbers.

For the integrin heterodimer 041, which inter-
acts with VCAM-1 and also contributes to gut
homing,25 there was a trend toward higher expres-
sion on CD3* and CD4" T cells in MC. This
difference was significant for CD8* T cells
(Figure 1(b)).

While we did not observe relevant differences in
the expression of aLLp2 integrin interacting with
endothelial intercellular cell adhesion molecule
(ICAM)-1 (Figure 1(c)), the expression of aMf2,
which also binds to ICAM-1, was numerically
higher on CD8", but not on CD4* T cells (Suppl.
Fig. 1). To the contrary, integrin a.2B1 serving as
a collagen receptor during cell migration, was

numerically reduced on all T cell populations
investigated (Suppl. Fig. 1).

Collectively, these data suggested the particular
integrin expression profiles can be found on T cells
in the peripheral blood of patients with MC. This
supported the notion that intestinal cell trafficking
might be important in the context of MC.

Vedolizumab blocks the adhesion of

CD4* T cells from patients with MC to

MAdJCAM-1 via a4P7 integrin

Since the abundance of integrins in the peripheral
blood does not necessarily correlate with their func-
tion in mediating firm adhesion to cell adhesion
molecules,? we next aimed to determine o4p7-
dependent dynamic adhesion to MAdCAM-1

We employed a previously established dynamic
adhesion assay?” and coated MAdCAM-1 to the
inside of glass capillaries, through which we per-
fused CD4" T cells.

Not surprisingly, we observed specific adhesion
of CD4" T cells from the peripheral blood of
healthy controls to MAdCAM-1 wia a4f7 as
demonstrated by substantial inhibition by the
anti-a4B7 integrin antibody vedolizumab. These
findings could largely be recapitulated with CD4*
T cells from the peripheral blood of patients with
MUC (Figure 2(a)). It is worth mentioning that the
absolute level of adhesion of untreated cells
(Figure 2(b)) and the extent of the reduction of
adhesion induced by vedolizumab was numeri-
cally higher in MC. There was no difference
between CD4*" T cells from MC patients with
lymphocytic or collagenous colitis (Figure 2(c)).

Vedolizumab blocks the transmigration of CD4™*

T cells from patients with MC via o437 integrin

As firm adhesion to the endothelium is a neces-
sary prerequisite for tissue infiltration, but
requires subsequent transmigration to the tissue
to be effective, we further explored the function
of a4p7 for this process.

Accordingly, we used transmigration assays inves-
tigating the capacity of peripheral blood CD4*
T cells to transmigrate over small MAdCAM-1-
coated pores. Similar to the dynamic adhesion
assays, MAJCAM-1-coating substantially
increased transmigration compared with uncoated
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Figure 1. Gut-homing integrins on T cells in MC. Left panels: Representative flow cytometry data of healthy
control donors and patients with MC showing the expression of a4f7 (a), a4pB1 (b), and aLB2 (c) on CD4*

T cells from the peripheral blood. Right panels: Quantitative flow cytometry of a4p7 (a), a4B1 (b), and alB2
(c) expression on CD3+, CD4*, and CD8* T cells from healthy control donors (n=13) and MC patients (n=13).

CON, control donors; MC, microscopic colitis.

conditions, indicating that 047 and MAdCAM-1
are implicated in the regulation of transmigration.
Vedolizumab significantly reduced transmigra-
tion both when using cells from control donors
and from patients with MC, and the level of
reduction was comparable (Figure 3).

Two cases of successful vedolizumab

treatment for MC

These data suggested that a4p7 expressed on
T cells in the peripheral blood of patients with

MUC is functional and that vedolizumab is a valid
tool to block a4p7-mediated gut homing in these
patients. However, clinical evidence on the use of
vedolizumab for this indication is scarce.

Here, we report additional two cases, in which
vedolizumab was effective for the treatment of
MC.

One female patient suffered from lymphocytic
colitis with frequent watery diarrhea. She also
reported mucus discharge and abdominal pain.
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Figure 2. Impact of vedolizumab on dynamic adhesion of CD4* T cells to MAACAM-1 in microscopic colitis
(MC): (a) left panels: representative images showing the dynamic adhesion of peripheral blood CD4* T cells
from control donors (upper panels) and patients with MC (lower panels) to uncoated capillaries (Control) and
to MAdCAM-1-coated capillaries following treatment with and without vedolizumab (VDZ). Overlays of three
differently colored consecutive images collected at the beginning and the end of 3 min videos are shown.
Adhering cells are displayed in white color. Right panels: quantitative dynamic adhesion of CD4* T cells

from control donors (n=13) and MC patients (n=12) to MAACAM-1. (b) Absolute numbers of untreated CD4*

T cells from healthy controls (n=13) and patients with MC (n=12) adhering to MAdCAM-1. (c]) Reduction of
dynamic adhesion of CD4* T cells from patients with lymphocytic colitis (n=6) and collagenous colitis (n=6) to

MAdCAM-1 upon treatment with VDZ.
CC, collagenous colitis; LC, lymphocytic colitis; MC, microscopic colitis; VDZ, Vedolizumab.
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Figure 3. Impact of vedolizumab on transmigration of CD4* T cells via a4f7 and MAdCAM-1 in MC. Left
panels: Representative flow cytometry depicting the number of CD4* T cells from healthy control donors and
patients with MC transmigrated over pores coated with and without MAACAM-1 and after treatment with and
without vedolizumab. Right panel: Quantification of the transmigration of CD4* T cells from healthy control
donors (n=12) and patients with MC (n=8) over MAdCAM-1-coated pores after treatment with and without

vedolizumab.
MC: microscopic colitis; VDZ: vedolizumab.

Prior to vedolizumab therapy, a massive increase
in intraepithelial lymphocyte (IEL) counts was
observed on histology and immunohistochemistry
for CD3. Following the initiation of vedolizumab
therapy, stool consistency and frequency improved
and mucus was absent. Consistently, IEL num-
bers were diminishing (Figure 4(a)). She was suc-
cessfully treated for more than 1 year, when she
noticed a deterioration of her condition and was
later switched to infliximab.

Another female patient with the diagnosis of col-
lagenous colitis suffered from frequent watery
diarrhea and abdominal pain. Prior to the initia-
tion of vedolizumab tenascin staining showed a
clearly thickened basal membrane (Figure 4(b)).
Under vedolizumab therapy, she noticed substan-
tially improved stool consistency, less abdominal
pain and was able to gain 5 kg of weight.
Hematoxylin/eosin and tenascin staining per-
formed on biopsies obtained during follow-up

colonoscopy demonstrated a regressive inflam-
matory infiltrate and an almost normal basal
membrane. The patient continues to clinically
benefit from therapy for more than 18 months
now.

Discussion

Immune cell trafficking from the peripheral blood
to tissues has been identified as a key driver of
inflammation.2® While this is a necessary prereq-
uisite to fight intruding pathogens at the body’s
surfaces, it may also predispose to chronic and
harmful inflammation in the case of dysregulated
immune responses such as in IBDs.2!

The gut is a special organ with regard to immune
cell trafficking, since it is the only organ so far, for
which an almost exclusive set of molecules regu-
lating tissue access has been identified. The
unique feature of intestinal dendritic cells to
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(@) Before VDZ Under VDZ

(b) Before VDZ Under VDZ

Figure 4. Histological and immunohistochemical findings in patients

with MC treated with vedolizumab: (a) hematoxylin/eosin staining and
immunohistochemistry for CD3 on sections from colon biopsies of a patient
with lymphocytic colitis before and under treatment with vedolizumab as
indicated. (b) Hematoxylin/eosin staining and immunohistochemistry for
tenascin C on sections from colon biopsies of a patient with collagenous
colitis before and under treatment with vedolizumab as indicated.

MC, microscopic colitis; VDZ, vedolizumab.

metabolize nutritional vitamin A to its derivate
retinoic acid,?® which serves as a transcription fac-
tor to induce 04f7 integrin,?° together with the

expression of its ligand MAdCAM-1 being largely
confined to the gut and its associated lymphoid
tissues,!® drive a closed system directing gut-
imprinted lymphocytes back to intestinal tissues.

Although other integrins and cell adhesion mole-
cules also contribute to gut homing,3° this a4f7-
MAdJCAM-1 interaction offers the opportunity to
specifically interfere with trafficking processes to
the intestine without affecting immunosurveil-
lance of other organs. Consistently, in contrast to
the pan-o4 antibody natalizumab, which is effec-
tive for the treatment of CD,3!:32 but led to several
cases of progressive multifocal leucencephalopa-
thy due to decreased a4p1-mediated T cell hom-
ing to the central nervous system (CNS),33 no
impairment of CNS homing or associated pathol-
ogy has been observed with the anti-a4fB7 anti-
body vedolizumab so far.

Thus, it was a logical development to investigate
anti-a4B7 antibodies for the therapy of immune-
mediated chronic inflammation of the intestine as
it occurs in IBD. Eventually, this led to the
approval of vedolizumab for the treatment of CD
and UC in 2014.16:17

However, CD and UC are only two out of many
forms of IBD. In particular, MC has been over-
shadowed by these entities, also due to the absence
of characteristic macroscopic disease features rais-
ing suspicion during colonoscopy.2 Thus, no ran-
domized clinical trials of vedolizumab in MC have
been performed to date, although an important
role of immune cells and a dysregulated immune
response have also been postulated in MC.6

To date, only case reports?43% and small case series
on the use of vedolizumab in MC have been pub-
lished. The largest one has been described by
Riviére er al.,?* who collected 11 cases of MC (five
LC, six CC) treated with vedolizumab. Most of
the patients had previously received immunosup-
pressants and/or antitumor necrosis factor (TNF)
antibodies. After induction therapy, five out of
eleven patients had entered clinical remission.
Shipley et al.37 report on nine patients with MC,
who all showed response to vedolizumab treat-
ment, which could be maintained in six of them.
Another case series describes three cases of MC,
which were successfully treated with vedoli-
zumab.23 Thus, the favorable effect of vedolizumab
in the two patients portrayed here is in line with
observations made by other authors.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

L Besendorf, TM Miiller et al.

While it cannot be excluded that these data are
skewed by reporting bias, it can at least be con-
cluded that blocking o4f7 integrin might be a
promising strategy to treat MC. However, not only
prospective trials, but also mechanistic investiga-
tions on the role of gut homing integrins in general
and 047 in special are lacking for MC so far.

Thus, our data are the first to show that functional
04p7 is expressed on T cells in the peripheral
blood from patients with MC. They demonstrate
that a4p7 allows these cells to firmly adhere to
MAJdCAM-1 and to transmigrate through small
pores following interaction with MAdCAM-1.
Moreover, we show that vedolizumab is able to
block these processes on T cells from patients with
MUC. In consequence, although the rather small
sample size is a limitation of our study, these data
suggest that there do not seem to exist major dif-
ferences in o4p7-dependent gut homing com-
pared with other forms of IBD and provide
mechanistic evidence to support the above-men-
tioned preliminary clinical observations. Thus,
they underscore the promising potential of vedoli-
zumab as a therapeutic option for MC.

One might object that neither the expression of
04p7 integrin nor the extent of a4f7-dependent
adhesion or transmigration were substantially dif-
ferent compared with healthy controls. However,
such differences do also not exist in UC or CD,?26:38
suggesting that it is rather the quality than the
quantity of cells homing via 047 that is essential
for disease pathogenesis and therapeutic effects.

In summary, we provide unprecedented data on
the i vitro mechanisms of vedolizumab for the
treatment of MC on single cell level. Further
translational and clinical studies are necessary to
characterize the mechanisms . vivo and to deter-
mine the efficacy in MC.

Ethics approval and consent to participate
Peripheral blood from patients with MC was col-
lected following informed written consent accord-
ing to the approval of the Ethics Committee of
the Friedrich-Alexander-Universitdt Erlangen-
Nirnberg (40_16B, 426_20B)
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