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ABSTRACT
Objective Lymphocyte recruitment to the inﬂamed gut
is increased in UC. Inhibition of this cell trafﬁcking by
vedolizumab (VDZ) was successful in inducing and
maintaining remission and in induction of endoscopic
mucosal healing. There are no data on histological
healing with VDZ. We studied histological changes
following VDZ therapy and compared gene expression in
patients with UC before and after therapy.
Design Forty-one patients with UC from GEMINI I and
LTS were studied before and at three time points (weeks
6/12/52) following VDZ therapy. Colonic biopsies were
scored using the Geboes index and correlated with Mayo
endoscopic subscore. Gene expression was analysed
using Affymetrix gene arrays.
Results Fifty-ﬁve per cent of patients achieving
endoscopic healing (= Mayo endoscopic subscore 0–1)
with VDZ at the studied time points also had histological
healing (= Geboes grade 0–1). In most healers, some
residual histological changes (eg, disturbed architecture
and increased mononuclear cell inﬁltrate) were still
observed, although this was less at week 52. VDZ
restored expression of many inﬂammatory genes in
patients with endoscopic healing only at week 52 and
not before. In VDZ healers, the expression of many
genes remained dysregulated at weeks 6/12/52
compared with controls.
Conclusions VDZ induces histological healing in
>50% of patients with endoscopic healing, with
maximal effect at week 52. VDZ also restored, although
incompletely, the colonic expression of many immunerelated genes in patients with UC achieving endoscopic
healing at week 52. However, persistent histological and
gene dysregulations did remain even in healers,
suggesting that maintenance therapy will be necessary
to control the intestinal inﬂammation.
Trial registration numbers: NCT00783718 and
NCT00790933; post-results.

INTRODUCTION

To cite: Arijs I, De Hertogh G,
Lemmens B, et al. Gut
2017;67:43–52.

IBDs are characterised by a continuous inﬂux of
leucocytes from the blood circulation into the
inﬂamed gut. This migration of CD4+ T lymphocytes is strictly regulated by cell adhesion molecules
and a sequential upregulation of selectins and later
integrins that will interact and bind to their respective receptor mucosal vascular addressin cell

Signiﬁcance of this study
What is already known on this subject?

▸ Vedolizumab (anti-α4β7-integrin) is the ﬁrst

antiadhesion therapy in UC and is efﬁcacious in
inducing and maintaining clinical remission, and in
induction of endoscopic healing.
▸ Although endoscopic mucosal healing is now
considered as the treatment goal in IBD, it is not
curative and relapses are still observed in a
signiﬁcant proportion of patients, even when the
treatment is continued.
▸ Clinicians currently explore whether histological
healing may be a better therapeutic end point.
▸ The importance of histological healing has
previously been demonstrated for anti-tumour
necrosis factor therapy (eg, inﬂiximab,
adalimumab and golimumab) in UC.

What are the new ﬁndings?

▸ A signiﬁcant proportion of patients with UC who
achieve endoscopic healing with vedolizumab also
had histological healing, with a maximal effect
seen at week 52.
▸ Vedolizumab restored, although incompletely, the
colonic expression of many immune-related genes in
patients with UC achieving endoscopic healing, and
this was only observed at week 52 and not before.
▸ Persistent histological and immune-related gene
expression abnormalities remain even in patients
achieving mucosal healing with vedolizumab and
give insight into the underlying pathogenic
mechanisms.

How might it impact on clinical practice in
the foreseeable future?
▸ This study shows for the ﬁrst time histological

improvement following vedolizumab therapy. A
maximal effect of vedolizumab on histology and
mucosal gene expression was seen at week 52, and
these ﬁndings help us to understand the relative
slow onset of clinical efﬁcacy of vedolizumab.
▸ The identiﬁed persistence of abnormalities in
patients with UC, despite achievement of mucosal
healing, might explain why mucosal lesions rapidly
recur if patients do not receive maintenance
therapy. This also suggests that maintenance
therapy will be necessary to control intestinal
inﬂammation.
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METHODS
Patients and biopsy specimens
The study was carried out at the University Hospitals Leuven
(Leuven, Belgium). The characteristics of patients and controls
are summarised in table 1. Endoscopic-derived biopsies were
collected from patients with UC during two phase III trials of
VDZ, GEMINI I and GEMINI LTS.1 Gemini I was a phase III
randomised, placebo-controlled, double-blinded, multicentre
study investigating induction and maintenance of clinical
response and remission by VDZ in patients with
moderate-to-severe UC, and Gemini LTS is an ongoing multicentre, open-label study on long-term safety and efﬁcacy of
VDZ in patients with UC and CD. Altogether 44 patients who
participated in these studies at our centre (31 patients from
Gemini I and 13 from Gemini LTS) were included, and 41 out
of 44 patients were treated with VDZ at inclusion. Biopsies
were taken at protocol-speciﬁed time points (week (W) 0, W6,
W12 and W52, or at study withdrawal). A total of 120 colonic
mucosal biopsies were available for analysis.
As control groups, colonic mucosal biopsies were collected
from 23 patients with UC before and W4–6 after ﬁrst IFX
therapy as well as from 12 non-IBD control individuals with
normal mucosa.
Biopsies were taken in the colon at the edge of ulcers whenever present. If no ulcers were seen, then biopsies were taken at
the most inﬂamed colon segment. Half of the biopsies were
immediately snap-frozen in liquid nitrogen and stored at −80°C
for gene expression analysis. The remaining biopsies were ﬁxed
in Carnoy’s or formalin’s ﬁxative for up to 5 hours and then
44

Table 1

Baseline characteristics of the study population

Baseline
characteristics

UC VDZ (n=41)

UC IFX (n=23)

Controls (n=12)

Male/female (%)
21/20 (51.2/48.8) 13/10 (56.5/43.5) 6/6 (50/50)
Median (IQR) age
40.5 (32–49.4)
41.3 (31.1–49.6) 68.2 (59–72.7)
(years)
Median (IQR) duration
10.2 (4.4–14.6)
7.6 (2.8–17.2) NA
of disease (years)
Extent of disease
UC left-sided colitis/ 18/23 (43.9/56.1) 6/17 (26.1/73.9) NA
pancolitis (%)
Histology (Geboes score)
0–1 (%)
0 (0)
0 (0)
NA
2–5 (%)
41 (100)
23 (100)
NA
Mayo endoscopic subscore
0–1 (%)
0 (0)
0 (0)
NA
2–3 (%)
41 (100)
23 (100)
NA
Median (IQR) total
10 (8–11)
10 (9–10)
NA
Mayo score
Medication (%)
5-Aminosalicylates
29 (70.7)
18 (78.3)
NA
Corticosteroids
17 (41.5)
7 (30.4)
NA
Azathioprine/
7 (17.1)
14 (60.8)
NA
6-mercaptopurine
Methotrexate
1 (2)
0 (0)
NA
Anti-TNF
0 (0)
0 (0)
NA
Active smoking (%)
5 (12.2)
2 (8.3)
0 (0)
IFX, infliximab; NA, not applicable; TNF, tumour necrosis factor; VDZ, vedolizumab.

dehydrated, cleared and parafﬁn-embedded for histological
examination.

Deﬁnitions of histological and endoscopic healing
H&E stained slides from the parafﬁn blocks of each patient
were scored blindly for features of chronic intestinal inﬂammation using the histological scoring system of Geboes et al.5
Histological mucosal healing was deﬁned as a grade 0 or 1 on
the Geboes score,5 and endoscopic mucosal healing was deﬁned
as a Mayo endoscopic subscore of 0 or 1.6

Mucosal gene expression analysis
Total RNA was isolated from the fresh-frozen biopsies using the
RNeasy Mini Kit (Qiagen, Benelux BV, Venlo, the Netherlands).
As previously described,7 total RNA (150 ng) was analysed for
whole-genome gene expression analysis via Affymetrix
GeneChip Human Gene 1.0 ST arrays (Affymetrix, Santa Clara,
California, USA), according to the Affymetrix technical manual
4425209 Rev.B. The microarray data are available at the Gene
Expression Omnibus database under accession number
GSE73661
(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
token=ebcdycqsxfcdrap&acc=GSE73661).
For the gene expression studies, response to therapy was
deﬁned as endoscopic mucosal healing and assessed for VDZ at
W6, W12 and W52, and for IFX at W4–6.
The microarray data were analysed in R (http://www.r-project.
org/). The Affymetrix raw gene array data (.CEL ﬁles) were processed to obtain a log2 expression value for each gene probe set
using the robust multichip average (RMA) method implemented
in the aroma.affymetrix R package.8 A non-speciﬁc ﬁltering was
performed on the log2 RMA normalised data from all the
samples, and only gene probe sets with an intensity >log2(50) in
at least 1% of the samples and an IQR of log2 intensities across
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adhesion molecule 1 (MAdCAM-1) on the vascular endothelium. Vedolizumab (VDZ; Entyvio; Takeda Pharmaceuticals,
Deerﬁeld, Illinois, USA) is a humanised monoclonal antibody
targeting α4β7-integrin, which is almost uniquely expressed on
gut-homing lymphocytes, and thereby selectively blocks
lymphocyte trafﬁcking to the gut. Following successful completion of the required randomised-controlled GEMINI studies,
VDZ got approval for Crohn’s disease (CD) and UC by the US
Food and Drug Administration and the European Medicines
Agency. Both GEMINI I (UC) and II (CD) showed that VDZ is
efﬁcacious in inducing and maintaining clinical remission.1 2
GEMINI I also demonstrated signiﬁcant mucosal healing in
patients with UC.
Although mucosal healing (often deﬁned as disappearance of
all ulcerations during endoscopy) is considered nowadays as the
treatment goal in IBD,3 it is not certain whether this is sufﬁcient
as an end point. Other therapies associated with signiﬁcant
healing, such as inﬂiximab (IFX) and adalimumab, are associated with disease relapse in 50% of patients when the treatment is discontinued. The triggers for recurrence of
inﬂammation are greatly unknown, although some histopathological features such as persistent basal plasmocytosis have been
suggested.4 Until now, no data are available with regard to histological changes following VDZ treatment in UC. It is therefore
unknown whether endoscopic healing observed after successful
VDZ therapy also correlates with a reduction of the inﬂammatory inﬁltrate at the histological level and in what timeframe
these changes occur.
To obtain more insights into this question, we studied histological changes before and after start of VDZ and correlated
these ﬁndings with the Mayo endoscopic subscore.
Furthermore, we investigated the effect of VDZ on the colonic
mucosal gene expression in these patients and compared results
with what we observed with IFX therapy in UC.
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Immunohistochemistry
For a more detailed histological assessment of the biopsy
samples from patients showing mucosal healing, immunostains
on 5 μm-thick sections were performed for different types of T
cells (CD3+ T lymphocytes, CD4+ T helper cells and CD8+
cytotoxic T cells) and for mast cells (c-kit stain). Furthermore,
protein localisation of selected genes, namely ITGB7, LPHN2
and MADCAM1, in the colonic mucosa was performed by
immunohistochemistry. The protocol details for immunohistochemistry are described in online supplementary ﬁle 1. An IBD
experienced pathologist (GDH) evaluated all the stains.

RESULTS
Correlation between endoscopic and histological healing
Overall, when taking all the studied patient biopsy samples
((120 – 1 with no histological information) VDZ+46 IFX
cohort) into account, we observed a signiﬁcant correlation
(τ=0.709 and p<0.001) between endoscopic and histological
disease activity (healing/no healing) in 91.5% of the samples
(151/165). Dissimilarities were mainly present in a few patients
showing clear endoscopic but no histological healing.
In the subgroup of patients with endoscopic healing (32/165,
including both VDZ and IFX cohorts), 12 or 37.5% showed
persistent histological disease activity, deﬁned as Geboes grades
2–5, and were therefore not in histological remission. When we
looked only to the biopsy samples from patients treated with
VDZ who achieved endoscopic mucosal healing (= responders)
at the studied time points (n=22), 55% of these samples also
showed histological healing (12/22; 3/6 at W6, 2/3 at W12, 7/
12 at W52), and only one patient treated with VDZ who had
no endoscopic healing (= non-responder) at W12 showed histological healing (1/35; 0/21 at W6, 1/10 at W12, 0/4 at W52)
(ﬁgure 1).
Next, we studied whether the characteristics of histological
healing achieved by VDZ at various time points (ﬁgure 2) was different to those achieved by IFX at W4–6. To study this, we
focused in the (endoscopic and histological) healed biopsy samples
on (1) residual architectural disturbance as encoded in the Geboes
grade 0 category (0.0=no abnormality, 0.1=mild abnormality,
Arijs I, et al. Gut 2017;67:43–52. doi:10.1136/gutjnl-2016-312293

Figure 1 Bar graph representing the percentage of patients showing
histological healing in vedolizumab (VDZ) responders (R; patients
achieving endoscopic healing after VDZ therapy) and in VDZ
non-responders (NR; patients with no endoscopic healing after VDZ
therapy) at the studied time points (week (W)6, W12 and W52).

0.2=mild or moderate diffuse or multifocal abnormalities,
0.3=severe diffuse or multifocal abnormalities), (2) mononuclear
cell inﬁltrate in the lamina propria (LP) classiﬁed by Geboes
grade 1 (1.0=no increase, 1.1=mild but unequivocal increase,
1.2=moderate increase, 1.3=marked increase), (3) T lymphocytes as identiﬁed by CD3 positivity, as these are the major subset
of lymphoid cells present in the mononuclear inﬁltrate, (4) the
ratio CD4+/CD8+ T cells and (5) the LP mast cells (table 2).
In patients treated with VDZ who achieved mucosal healing
at W6 but also at W12, a variable picture was seen with regard
to architectural abnormalities as the grades 0.1 and 0.2 were
represented. The same observation was seen for mononuclear
cell inﬁltrates with the grades 1.0 and 1.1. As for the T lymphocytes, a constant inﬂux was observed similar to the ﬁndings in
the baseline biopsies. By W52, however, these changes had
largely disappeared, with generally mild residual architectural
abnormalities (mainly grade 0.1), no or only a mild increase of
the mononuclear cell inﬁltrate (grade 1.0/1.1) and no or mild
increase of the T lymphocytes. Importantly, in patients who
achieved mucosal healing with IFX at W4–6, we also detected a
markedly increased mononuclear cell inﬁltrate (grade 1.1/1.2)
and a corresponding increase in T lymphocytes, with extensive
residual architectural abnormalities (grade 0.1/0.2). For all
studied time points, no change in the ratio of CD4+/CD8+ T
cells and no effect on mast cell numbers were seen.

Whole-genome gene expression microarray analysis
Distinctive colonic gene expression proﬁles based on inﬂammation
status
PCA showed a clear separation of the colonic samples based on
inﬂammatory activity (ﬁgure 3). The samples from patients with
45
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the samples >0.5 were included, leaving 5885 (/33252) gene
probe sets for further data analysis. Principal component analysis
(PCA) was performed on the normalised and ﬁltered log2 microarray data of control samples, pretreatment and post-treatment
UC samples. For comparative analysis, the LIMMA package9 was
used to identify the ﬁltered gene probe sets that showed signiﬁcant differential expression between the studied groups, based on
moderated t-statistics with Benjamini-Hochberg false discovery
rate (FDR) correction for multiple testing. Gene probe sets were
selected as biologically signiﬁcant using FDR<0.05 and a fold
change (FC) >2. The Bio Functional Analysis tool in the
Ingenuity Pathway Analysis program (Ingenuity Systems, http://
www.ingenuity.com) was used to identify the biological (sub-)
functions associated with the data sets of signiﬁcantly differentially expressed gene probe sets.
To conﬁrm the microarray data, quantitative RT-PCR was performed for selected genes (LPHN2, FGF7, MADCAM1, INDO
and IL8), and β-actin (as endogenous reference gene) on the
RNA samples, as previously described.10 Primer and probe
sequences are summarised in online supplementary table S1.
Data were analysed according to the Pfafﬂ method.11 Results
were analysed in SPSS using Mann-Whitney U test for unpaired
samples and Wilcoxon signed-rank test for paired samples. p
Value ≤0.05 was considered signiﬁcant.

Inflammatory bowel disease

UC who achieved endoscopic mucosal healing (= responders)
with VDZ at W6/W12/W52 or with IFX at W4–6 clustered
together with the control samples, whereas the pretreatment
(W0) samples from active patients with UC and the samples
from UC patients without endoscopic mucosal healing (= nonresponders) after VDZ or IFX therapy grouped together.

VDZ restored colonic expression of many immune-related genes in
responders at W52
Colonic gene expression proﬁles before VDZ therapy were compared with the proﬁles after VDZ therapy and also with a
cohort of patients treated with IFX (see online supplementary
table S2).
In VDZ non-responders, no genes were differentially
expressed at W6, W12 or W52 compared with their baseline
samples. In parallel to this observation, we also observed no
effect on colonic gene expression at W4–6 in IFX nonresponders compared with their baseline samples.

In VDZ responders (ﬁgure 4), no gene probe sets changed
signiﬁcantly by W6 and only ﬁve changed signiﬁcantly by W12
(↘: IDO1, REG3A, KLK6, SAA2 and ↗: PCK1) compared with
W0. By W52, however, many signiﬁcant gene expression differences were observed in VDZ responders compared with W0:
593 gene probe sets were either downregulated (n=462) or
upregulated (n=131), and 375 (63%) of these gene probe sets
overlapped with those identiﬁed in IFX responders at W4–6 vs
W0 (ﬁgure 4). These represented genes are mainly involved in
cellular movement, immune cell trafﬁcking, haematological
system development and function, and inﬂammatory response
with cellular movement/migration/chemotaxis/homing of blood
cells (leucocytes) as top signiﬁcant biological subfunctions (see
online supplementary table S3). VDZ had a unique effect at
W52 in responders on the expression of LPHN2 (↘), FGF7
(↘), GNG11 (↘), EMCN (↘), MIR192 (↗), SLC3A1 (↗),
FABP6 (↗) and MEP1B (↗). In contrast, IFX had no effect on
the expression of these genes (IFXW4-6 vs W0: FC=0.8–1.2 and
FDR >0.2). Interestingly, the baseline (= W0) expression levels

Table 2 Histological examination in biopsy samples of responders showing endoscopic and histological healing at week (W)6/W12/W52 by
vedolizumab (VDZ) or at W4–6 by infliximab (IFX) and their baseline (W0) samples
Histological parameters

VDZ W0 (n=10)

VDZ W6 (n=3)

VDZ W12
(n=2)

VDZ W52 (n=7)

IFX W0 (n=5)

IFX W4–6 (n=5)

(1) Architectural changes
(Geboes grade 0)

0.1: n=3 (30%); 0.2:
n=7 (70%)

0.1: n=2 (66.7%);
0.2: n=1 (33.3%)

0.2: n=2
(100%)

0.0: n=1 (14.3%); 0.1: n=5
(71.4%); 0.2: n=1 (14.3%)

0.1: n=2 (40%);
0.2: n=3 (60%)

(2) Mononuclear infiltrate
(Geboes grade 1)

1.1: n=2 (20%); 1.2:
n=4 (40%); 1.3: n=4
(40%)
↗↗↗
Normal
Normal

1.0: n=1 (33.3%);
1.1: n=2 (66.7%)

1.1: n=2
(100%)

1.0: n=2 (28.6%); 1.1: n=5
(71.4%)

0.1: n=1 (20%); 0.2:
n=2 (40%); 0.3: n=2
(40%)
1.2: n=1 (20%); 1.36:
n=4 (80%)

↗↗
Normal
Normal

↗↗
Normal
Normal

↗
Normal
Normal

↗↗↗
Normal
Normal

↗↗
Normal
Normal

(3) CD3+ T lymphocytes
(4) CD4+/CD8+ T cells
(5) Mast cells in lamina
propria

46

1.1: n=3 (60%);
1.2: n=2 (40%)
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Figure 2 Histological changes in colonic biopsies of UC patients with mucosal healing after vedolizumab (VDZ) therapy (H&E stain; original
magniﬁcation (OM) ×50 (detail OM ×100)). (A) H&E stainings from a UC patient with endoscopic and histological healing at week (W)6 and W52
after VDZ therapy. W0, moderately active erosive UC (Geboes score 5.3); W6, epithelial restoration, decrease of the mononuclear cell inﬁltrate, no
residual neutrophils (Geboes score 1.1); W52, intact mucosa, hypocellular lamina propria (Geboes score 1.1). (B) H&E stainings from a UC patient
with endoscopic and histological healing at W12 after VDZ therapy. W0, dense mixed inﬂammatory inﬁltrate with crypt destruction (Geboes score
5.1); W12, patchy residual mononuclear cell inﬁltrate, no neutrophils (Geboes score 1.1).
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of LPHN2 and FGF7 were signiﬁcantly lower in IFX responders
compared with IFX non-responders (see online supplementary
table S2).
In contrast to our previous gene expression study in patients
treated with IFX,12 we could not identify genes predictive for
response to VDZ by comparing the pre-VDZ treatment (W0)
array proﬁles of responders with non-responders (see online
supplementary table S2).

Persistent dysregulation of colonic gene expression after VDZ and
IFX therapy in UC responders
Next, we compared the colonic gene expression microarray proﬁles of the responders after therapy with the proﬁles of the controls. Many gene probe sets remained signiﬁcantly dysregulated
in both VDZ and IFX responders compared with healthy controls (see online supplementary table S2). A large overlap of
these persistently dysregulated genes was seen between VDZ
and IFX (ﬁgure 5). The biofunctional analyses of the persistently dysregulated genes showed a common predominance of
the biological (sub-)functions cellular movement/immune cell
trafﬁcking/haematological system development and function
(cell movement/inﬁltration of leucocytes, eg, ↗: C2, IL1B,
PTGS2, TIMP1, CCL20, FOS), lipid metabolism/molecular
transport/small molecule biochemistry (concentration of triacylglycerol/quantity of steroid, eg, ↗: EGR1, IL1B, NR4A1,
PTGS2 and ↘: AMACR, AQP8, VLDLR), cell death and survival
(necrosis, eg, ↘: EGR1, FOS, GDF15, IL1B, NR4A1, PTGS2,
TIMP1 and ↘: ABCG2, AMACR), and cell cycle (cell cycle progression, eg, ↗: AREG, EGR1, FOS, NR4A1, SERPINB5,
TIMP1 and ↘: BRINP3) (see online supplementary table S3).

Validation of microarray data by qRT-PCR
From the microarray data, LPHN2, FGF7, IDO1 and IL8 were
selected to conﬁrm their change in colonic mucosal gene expression in (un-)treated patients with UC versus controls by
qRT-PCR (ﬁgure 6). Consistent with the microarray data, the
expression levels of the four genes were all signiﬁcantly increased
in active colonic mucosa before VDZ/IFX therapy (W0) versus
control colons. After VDZ therapy, the colonic expression of
these genes remained signiﬁcantly increased at W12 in VDZ
Arijs I, et al. Gut 2017;67:43–52. doi:10.1136/gutjnl-2016-312293

responders compared with control colons, and their expression
levels returned to control levels only at W52, except for LPHN2.
A decrease in LPHN2 expression was observed in VDZ responders at W52 vs W0; however, this decrease was not found to be
signiﬁcant ( p=0.108) by qRT-PCR. No signiﬁcant effect of IFX
therapy was seen at W4–6 on the expression level of LPHN2
and FGF7 expression in IFX responders, and the pre-IFX treatment expression levels of LPHN2 and FGF7 were signiﬁcantly
decreased in IFX responders versus IFX non-responders.
The gene probe set representing MADCAM1, the
α4β7-integrin ligand, was excluded from the microarray analyses
by the non-speciﬁc ﬁltering because of variability across the
microarray samples. qRT-PCR was however performed for
MADCAM1 (ﬁgure 6E). The expression levels of MADCAM1
were signiﬁcantly increased before therapy in inﬂamed colon of
UC patients with active disease versus controls. After VDZ
therapy, MADCAM1 expression remained signiﬁcantly increased
at W12 in VDZ responders versus controls and returned to
control levels at W52.

Protein localisation of selected genes by
immunohistochemistry
Tissue sections obtained from patients before and after VDZ
therapy were stained by immunohistochemistry to investigate
the localisation and cellular expression of MADCAM1, ITGB7
and LPHN2 (ﬁgure 7).
MADCAM1 was expressed in the blood vessel (most likely
postcapillary venular) endothelium, with a more extensive and
stronger expression in untreated and inﬂamed UC colonic
mucosa (especially in granulation tissue) (ﬁgure 7B), versus
normal mucosa (ﬁgure 7A). In VDZ responders, MADCAM1
expression was low in mucosal biopsies at W52 (ﬁgure 7C).
ITGB7 showed a membrane-accentuated staining in LP mononuclear cells (mostly macrophages and plasma cells) in the
colonic mucosa. A more extensive staining was seen in untreated
and inﬂamed UC mucosa (ﬁgure 7E) compared with normal
mucosa (ﬁgure 7D), and this was mainly due to an increased
density of the inﬂammatory cell inﬁltrate. In VDZ responders,
the density of LP mononuclear cells decreased at W52, and this
resulted in a decreased ITGB7 expression (ﬁgure 7F).
47
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Figure 3 Principal component (PC)
analysis of the ﬁltered (5585 gene
probe sets) log2 microarray data of
control, UC week (W)0, UC
vedolizumab (VDZ) W6/W12/W52 and
UC inﬂiximab (IFX) W4–6 colonic
mucosal samples. A two-principal
component plot is shown with the ﬁrst
component along the x-axis and the
second component along the y-axis.
The percentage of variability explained
by each component (between the
brackets) is shown on the axis. NR,
non-responders, R, responders.
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Inﬂamed and untreated UC mucosa showed membranous
LPHN2 staining in smooth muscle cells of the muscularis
mucosae and in the wall of small blood vessels ( probably pericytes) (ﬁgure 7H). Diminished vessel density or congestion in
healed UC mucosa after VDZ therapy may partially explain
decreased LPHN2 staining (ﬁgure 7I).

DISCUSSION
The efﬁcacy of anti-tumour necrosis factor (TNF) therapy in
IBD has pushed our therapy goals signiﬁcantly, and endoscopic
healing is now considered the required end point. Nevertheless,
endoscopic healing is not curative and relapses are still observed
in a signiﬁcant proportion of patients, even when treatment is
continued. This has led clinicians to challenge the concept of
deep remission and explore whether histological or transmural
healing (in the case of CD) could be a better end point and
whether this can be achieved with our current drugs.
In this study, we investigated the role of histological healing
following VDZ. VDZ is the ﬁrst biological therapy with a new
mode of action of selectively blocking leucocyte trafﬁcking in
the gut. We found that 55% of patients with UC who achieve
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endoscopic healing with VDZ at the studied time points also
achieved histological healing. In contrast to patients who did
not achieve mucosal healing, histological inﬂammatory features
improved substantially in patients with mucosal healing after
VDZ with a signiﬁcant reduction in the inﬂammatory cell inﬁltrate. On the other hand, detailed histological examination also
demonstrated that some degree of architectural abnormalities
and of mononuclear inﬂammatory cell inﬁltrate persists. This
indicates that the epithelial/mesenchymal architecture and the
inﬂammatory cell composition need time to recover completely.
The onset of the histological changes was observed as early as
W6, although abnormalities were still present at W12 and the
maximal effect was seen at W52. In the clinical setting, the
onset of clinical response to VDZ may take longer than 6 weeks
as shown in GEMINI I and in some patients even longer than
12 weeks.
Second, we investigated the effect of VDZ on the colonic
mucosal gene expression in patients with UC using a wholegenome gene expression array. We compared our ﬁndings with
those observed with IFX. The expression analysis ﬁrst demonstrated that VDZ restored colonic expression of many genes
Arijs I, et al. Gut 2017;67:43–52. doi:10.1136/gutjnl-2016-312293
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Figure 4 (A) Venn diagram of the signiﬁcant gene probe sets in responders to vedolizumab (VDZ) or inﬂiximab (IFX). (B) Bar chart represents the
top 10 most signiﬁcant biological (sub-)functions associated with the list of the 375 signiﬁcant gene probe sets that overlapped between VDZ and
IFX in the comparisons of responders before versus after therapy.
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mainly involved in leucocyte migration in patients with endoscopic healing at W52, but not yet at W6 and at W12. The
majority of gene expression changes observed in VDZ healers at
W52 was similar to those seen with IFX at W4–6, suggesting
similar mechanisms of action for barrier and tissue restoration
for both therapies although starting at different time points.
Previously, it was shown that IFX, apart from its TNF-α neutralisation, has several other downstream effects in IBD.13 IFX not
only induces apoptosis of activated intestinal mucosal T cells,
but also restores the gut barrier. IFX deactivates the mucosal
endothelium and thereby inhibits continued T cell recruitment.
Moreover, IFX affects myoﬁbroblast migration and thereby
facilitates intestinal wound healing. The combination of all
these events probably causes an early noticeable change at the
mucosal gene expression level. VDZ, in contrast, only blocks T
lymphocyte migration to the colonic mucosa and does not inﬂuence activated T lymphocytes already present in the LP, probably
explaining its delayed effect. The latter was also conﬁrmed by
histological examination of the biopsies of patients with endoscopic and histological healing whereby an increased mononuclear cell inﬁltrate and a marked increase of T lymphocytes in
the colonic mucosa were still visible at W6 and W12. Physicians
have been discussing optimal bridging strategies for the delayed
onset of action of VDZ and some have suggested that anti-TNF
may fulﬁl this role. The gut selectivity of VDZ certainly is
anticipated to carry advantages with respect to safety.
Although many gene expression changes overlapped between
VDZ and IFX, the colonic expression of a subset of genes (eg, ↘:
LPHN2, FGF7, EMCN, GNG11 and ↗: MIR192, SLC3A1,
FABP6, MEP1B) was uniquely inﬂuenced at W52 by VDZ, and
not at W4–6 by IFX. We previously published that baseline expression of LPHN2 and FGF7 was decreased in IFX responders versus
IFX non-responders, suggesting that these could be used as predictive markers for response to IFX therapy12 We feel these are
important data and a possible next step to personalised therapy, as
Arijs I, et al. Gut 2017;67:43–52. doi:10.1136/gutjnl-2016-312293

based on our ﬁndings, anti-TNF-naive patients with UC refractory
to standard therapy who express high levels of LPHN2 or FGF7
would be better candidates for VDZ treatment than anti-TNF
treatment. LPHN2 or latrophilin 2 is a member of the family of
adhesion G-protein-coupled receptors that is characterised by a
large N-terminus, which contains motifs identiﬁed in proteins
involved in cell adhesion.14 Its function and tissue distribution are
as yet insufﬁciently studied. Fibroblast growth factor 7 (FGF7)
(also termed keratinocyte growth factor) is an epithelial cell-speciﬁc
mitogen. Prior studies10 15 have shown that the expression of
FGF7 is increased in IBD colonic tissue and that FGF7 may play
role in the mucosal repair in IBD. In contrast with the previously
identiﬁed predictive gene signature for (non-)response to IFX in
UC,12 we could not identify genes predictive for response to VDZ.
In non-responders to VDZ and IFX therapy, no effect of both
therapies on the colonic mucosal gene expression was found.
However, in CD, Leal et al16 showed by whole-genome transcriptional analysis in colonic mucosa that anti-TNF therapy
downregulates a subset of inﬂammatory genes even in patients
who do not achieve endoscopic remission.
As the triggers for recurrence of inﬂammation are unknown,
we also investigated which biological pathways were involved in
disease relapse by comparing the gene expression proﬁles of the
VDZ and IFX responders with those of non-IBD controls. We
found that the expression of many genes mainly involved in
immune cell trafﬁcking and lipid metabolism remained abnormal after therapy in patients who achieved endoscopic mucosal
healing after VDZ or IFX therapy. These data are consistent
with the histological ﬁndings whereby residual alterations were
also seen. These persistent abnormalities might explain why
mucosal lesions recur very early when patients do not receive
maintenance therapy. Planell et al17 also described a permanently dysregulated state of mainly genes expressed by epithelial
cells in the mucosa of patients with UC in remission. In accordance with the latter study, the epithelial cell expressed genes,
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Figure 5 Venn diagram of the signiﬁcant gene probe sets in responders after therapy with vedolizumab (VDZ) or inﬂiximab (IFX) versus controls.
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Figure 6 Box plots representing the qRT-PCR gene expression data of LPHN2 (A), FGF7 (B), IDO1 (C), IL8 (D) and MADCAM1 (E) in controls and
patients with UC before and after therapy with vedolizumab (VDZ) or inﬂiximab (IFX). Black, dark and light grey coloured box plots represent
controls, responders (R) and non-responders (NR), respectively. Box plots with a dot or square pattern represent respectively before and after
therapy. *signiﬁcant; #signiﬁcant in UC week (W)0 vs controls.
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ABCG2, REG4, TFF1, SERPINB5, AQP8, RUNDC3B and
CHI3L1, also remained altered after therapy in the colonic
mucosa of both VDZ and IFX responders. Furthermore, the signiﬁcant overlap of persistently dysregulated genes in VDZ and
IFX responders suggests that yet unidentiﬁed triggers of inﬂammation are incompletely blocked by these biological agents.
These triggers can be environmental factors including damaging
dietary components or microbial factors.
Our study has limitations: the patients treated with VDZ
were all previously treated with IFX, and maybe even better
results could be obtained in anti-TNF-naive patients. Second, we
could not compare our results with a late time point (W52) for
IFX. However, a similar effect observed by VDZ at W52 was
seen by IFX at W4–6. Despite these limitations, we present the
ﬁrst data on histological improvement following VDZ therapy
and important results were generated that may help in understanding the relative slow onset of clinical efﬁcacy. The expression data of LPHN2 and FGF7 are interesting in view of the
search for predictive markers of response to one or the other
class but needs conﬁrmation.
In conclusion, histological healing is achieved in patients with
UC treated with VDZ, with a maximal effect seen at W52.
Furthermore, VDZ restores, although incompletely, the colonic
expression of many immune-related genes in patients with UC
who achieve endoscopic healing at W52. However, persistent
histological and gene expression abnormalities remain after
therapy in patients who achieve mucosal healing. These observations may be related to disease recurrence when patients discontinue the treatment, thereby indicating that maintenance therapy
Arijs I, et al. Gut 2017;67:43–52. doi:10.1136/gutjnl-2016-312293

with VDZ is necessary to control the ongoing intestinal
inﬂammation.
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Figure 7 Immunohistochemistry for detection and localisation of MADCAM1 (A–C), ITGB7 (D–F) and LPHN2 (G–I) in parafﬁn-embedded,
formalin-ﬁxed tissue sections from colonic biopsies from control individuals (A, D, G), patients with active UC before vedolizumab (VDZ) therapy
(B, E, H) and inactive patients with UC at week (W)52 after VDZ therapy (C, F, I) (original magniﬁcation (OM) ×200 (detail OM ×400)).
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