. Original article

Claudin-2 simplifies histological assessment of
activity/remission of ulcerative colitis in real-life daily
practice

Gabrio Bassottia, Rachele Del SordoP, Francesco Lanzarottoe, Sara Minod, Chiara Riccic and
Vincenzo Villanaccid

Objectives Mucosal healing, and in particular histological mucosal healing, represents the new frontier as a treatment goal for
inflammatory bowel diseases. However, the assessment of mucosal healing is presently somewhat limited by the numerous

pathological scores available, and the lack of a global consensus on how to best assess it. For this reason, the availability of a
simple and rapid test to evaluate the inflammatory state of the mucosa after treatment would be useful, especially for the daily

routine.

claudin-2 reactivity.
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Methods To exploit the above purpose, we evaluated the possible usefulness of antibodies against claudin-2, a protein of
intestinal epithelium tight junctions, as a possible test to assess the presence of activity in ulcerative colitis following treatment.
Biopsies from 28 patients with distal localization of the disease and clinical and endoscopic remission were tested for

Results Claudin-2 reactivity was always negative in noninvolved segments and displayed a variable staining intensity in
concordance with the histological activity. There was a highly significant (P < 0.0001) correlation between histological score
and claudin-2 expression in the colonic segments involved (descending, sigmoid colon, and rectum).

Conclusions Our results suggest that the use of claudin-2 in the routine daily practice could simplify and corroborate the
results of current histological evaluations, especially in clinical practice and posttreatment follow-up. Eur J Gastroenterol
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Introduction

At present, one of the main therapeutic goals to reach
in the treatment of ulcerative colitis is represented by
the so-called mucosal healing [1]. This is a term ini-
tially used to evaluate endoscopic appearance after
treatment [2], but more recently it was implemented
to assess the actual reaching of histological remission
[3,4]. Although, at least for research trials, there is
some agreement attempt [5,6], the definition of histo-
logical mucosal healing in ulcerative colitis patients is
still under debate [7]. The matter is further complicated
and limited by the fact that the literature concerning
this topic features varying definitions and multiple his-
tologic indices, at present more than 30 for ulcerative
colitis [4,8].
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Thus, there is the obvious need of a scoring system
that should be both simple and easy to use globally
[9], especially in the daily clinical practice that repre-
sents the bulk of diagnostic approaches. This has also
an important clinical meaning, since it has been shown
that persistent histological activity in ulcerative colitis
patients is associated with a greater likelihood of relaps-
ing [10]. We have recently proposed a simplified histo-
logical score for inflammatory bowel diseases (IBDs) for
an easy, fast assessment of the routine biopsies [11]. The
performance of this score subsequently showed that it
might simplify the routine pathologists’ workload while
yielding an accurate reporting of the pathological fea-
tures [12].

However, even using a simplified score there is still a
discrete amount of subjectivity and time needed in eval-
uating the pathological slides. For this reason, a reli-
able and simple marker of disease activity would be
welcome to facilitate such assessment in the daily practice.
Thus, to this purpose, we recently become interested in
the assessment of claudin-2, a transmembrane protein
of the intestinal tight junctions, involved in the regula-
tion of the intestinal epithelial barrier [13]. Claudin-2 is
not detected in the normal human colon, but is highly
expressed in IBDs [14], with its expression positively cor-
related with disease activity [15].

The aim of the present study was to evaluate
claudin-2 expression in ulcerative colitis patients in clin-
ical and endoscopic remission, to assess the concordance
with histological activity and to determine whether it
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could represent a simple marker to detect histological
remission/activity in the daily routine.

Patients and methods

Biopsy samples were obtained from 28 ulcerative colitis
patients [18 men, 10 women, median age 51 years (95%
confidence interval (CI): 44-55)], with left-side involve-
ment (E2 of the Montreal classification) [16] and in clin-
ical and endoscopic remission after treatment. Five of
these patients participated in another study on claudin-2
in IBDs [17]. All patients were in clinical remission (partial
Mayo score <3 with no individual subscore >1) and endo-
scopic remission [assessed by a Mayo Endoscopic Score
(MES) of 1 or less].

Biopsies were obtained according to European Crohn’s
and Colitis Organization guidelines [18], with at least two
specimens collected from each colonic segment (cecum,
ascending, transverse, descending, sigmoid, rectum). The
samples were correctly oriented on acetate cellulose fil-
ters, fixed in formalin, and embedded in paraffin. Sections
stained with hematoxylin and eosin were firstly evaluated.

Histological activity was defined as: quiescent, when the
biopsies of the different segments involved by the diseases
showed signs of chronic disease (crypt distortion, basal
plasmacytosis) without presence of neutrophils (score 0);
mild (neutrophils present in the lamina propria and in the
crypt epithelium, cryptitis, score 1); moderate (neutrophils
present in crypt lumina, crypt abscesses, score 2); severe
(presence of erosions/ulcerations, score 3).

Claudin immunohistochemistry (Claudin-2 antibody,
Cell Signaling Technology, Danvers, Massachussets,
USA, clone E1H90, dilution 1:100) was performed
on 4 pm sections. The primary antibody was detected
by means of a Dbiotin-free polymeric-horseradish
peroxidase-linker antibody conjugate system (Bond
Polymer Refine Detection, Leica Biosystems, Newcastle
upon Tyne, UK) with heat-induced epitope retrieval, using
the Bond Il automated immunostainer (Leica Biosystems,
Melbourne, Australia).

We considered claudin-2 expressed when we observed
staining with variable intensity along the cytoplasmatic
cell membranes of glandular and of surface epithelium.
The stain intensity was semi-quantified as follows [17]:
0, absence of immunostaining in glandular epithelium; 1,
immunostaining of <10% epithelial cells in the glands;
2, immunostaining of at least 50% epithelial cells in the
glands; 3, immunostaining of more than 90% epithelial
cells in the glands (Fig. 1b, d and f; Fig. 2b and d).

Using these criteria we have previously reported that
the sensitivity of claudin-2 to detect active disease was
100% and the sensitivity was 91%, with a positive pre-
dictive value of 98% and a negative predictive value of
100%. The inter-rater agreement ranged from good to
very good for all colonic segments [17].

Statistical analysis

Since the data were not normally distributed, non-
parametric tests were used for statistical analysis. In the
descending, the sigmoid colon, and the rectum, the cor-
relation between histological score and claudin-2 expres-
sion, between MES and histological score, and between
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MES and claudin-2 expression was assessed by means of
the Kendall’s rank correlation coefficient [19]. Values of
P < 0.05 were chosen for rejection of the null hypothesis.

Ethical considerations

The study protocol was approved by the Ethical Committee
of Spedali Civili di Brescia (no. 5923, v.3 of 24/05/2023)
and carried out according to the principles of Declaration
of Helsinki (1964, updated in 2013).

Results

All patients had left-side (E2) disease. Median MES was
1 (95% CI: 0-1). Expression of claudin-2 was detected
on the lateral cell membranes and tight junctions in the
surface epithelium, with no expression in the nuclei of
epithelial and inflammatory cells. Claudin-2 was not
expressed in noninvolved colonic segments, and showed
variable staining intensity only in those areas with active
disease (Figs.1 and 2). The correlation between histo-
logical score and claudin-2 expression resulted highly
significant for the descending (tau =0.894, P < 0.0001),
the sigmoid colon (tau = 1.0, P < 0.0001), and the rectum
(tau = 0.94, P < 0.0001). There was also a significant cor-
relation between the MES and histological score in the sig-
moid colon and the rectum (for both segments, tau = 0.48,
P =0.0004) but not in the descending colon (tau = 0.16,
P =0.25). Concerning the correlation between the MES
and claudin-2 expression, this was again significant in the
sigmoid colon (tau = 0.40, P =0.0004) and the rectum
(tau = 0.52, P = 0.0001), but not in the descending colon
(tau = 0.203, P = 0.14).

Overall, the time needed to evaluate claudin-2 expres-
sion on histological slides was about 30 s.

Discussion

The need of having available a simple test for the daily
routine evaluation of mucosal healing in ulcerative coli-
tis patients following treatment prompted us to investi-
gate whether such test might be somewhat represented by
the use of claudin-2 staining in biopsy samples of these
patients, to assess its effectiveness and confirm the remis-
sion of colonic inflammation. We selected to test claudin-2
since there was previous evidence of its high expression
in active IBD patients [14], expression positively corre-
lated with the inflammation degree [15]. Moreover, in a
previous experience we have demonstrated that claudin-2
expression is highly specific (does not feature in other
inflammatory colitides), sensitive, and displays almost no
interobserver variability in the evaluation of IBD patients
[17]. These features would thus represent an ideal marker
to test the residual activity/mucosal healing in these
patents.

In the present study, we wanted to investigate the possi-
ble usefulness of adding claudin-2 immunohistochemistry
to the routine evaluation of biopsies of distal ulcerative
colitis patients in clinical/endoscopic remission. The deci-
sion to evaluate distal ulcerative colitis patients was due
to the fact that this group represented a quite homoge-
neous one from a clinical/endoscopic point of view, and
that usually ulcerative colitis pathological findings are
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Fig. 1. Representative images of UC patients with different histological severity and claudin-2 expression. (a) Severe activity, H&E x20. (o) The same area
with a diffuse positivity (score 3) for claudin-2, x20. (c) Moderate activity, H&E x10. (d) The same area with a moderate positivity (score 2) for claudin-2,
x20. (e) Low activity, H&E x4. (f) The same area with focal positivity (score 1) for claudin-2, x20. Note: (a) and (b) are shown only for comparison, and do
not belong to patients investigated in this study. H&E, hematoxylin and eosin; UC, ulcerative colitis.

less variable than those found in Crohn’s disease [20].
Moreover, patients in clinical/endoscopic remission are
those more likely to have minimal histological activity
that might be missed by inexperienced pathologists.
Analysis of the results showed that claudin-2 expression
displayed a highly significant correlation with the grade of
histological activity, being on the other hand invariably
negative in non-affected areas. We found that the use of
claudin-2, requiring on average 30s by the pathologist
to assess its expression, did not delay the routine activity.
Conversely, its use resulted in an easier evaluation of the
areas involved by active inflammatory processes, without
(or at least reducing) the need for more complex scores,
therefore speeding the diagnostic process. In fact, as previ-
ously shown, experienced dedicated pathologists need on
average 5.5 min to score IBD biopsies with the Geboes/
Nancy systems (the more frequently adopted for clinical
trials), whereas other scores such as the Robarts need
at least 4 min, and the Extent Chronicity Activity Plus
7.5 min, and a simplified score needs 2 min of assessment
[11]. Of course, these times are proportionately longer for
moderately/scarcely experienced or general pathologists.
Thus, the availability of a simple, reproducible, and easily

interpretable test (hopefully coupled with a simplified
scoring system) even in less experienced hands could rep-
resent a bonus for the daily routine assessment of ulcer-
ative colitis activity following treatment in high-volume
centers, and minimized the likelihood of missing small or
focal areas of residual inflammatory activity. Of course, it
remains to be established whether this approach could be
applied for research trials.

In conclusion, we feel that the routine use of claudin-2
staining could represent a useful adjunct in the interpreta-
tion of the inflammatory state in patients with ulcerative
colitis after treatment. Should these findings be replicated
in more and larger studies, since the pathologists’ work
represents an essential element in the multidisciplinary
approach to IBD [21], this test could contribute to a better
approach to the goal of reaching a truly complete mucosal
healing in such condition [22].
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Fig. 2. (a and c¢) Representative images of UC patients with histological quiescence.

H&E, hematoxylin and eosin; UC, ulcerative colitis.
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