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Abstract

Background: Studies have shown increased intestinal permeability in irritable bowel syndrome. Validating serum biomarkers
for altered intestinal permeability in irritable bowel syndrome will facilitate research and pathophysiology-based therapy.
Objective: To measure serum zonulin and intestinal fatty acid binding protein levels in diarrhea-predominant irritable bowel
syndrome and constipation-predominant irritable bowel syndrome and compare with healthy controls and celiac disease.
Methods: Serum zonulin and intestinal fatty acid binding protein levels were measured using enzyme-linked immunosorb-
ent assays in constipation-predominant irritable bowel syndrome (n=50), diarrhea-predominant irritable bowel syndrome
(n=150), celiac disease (n=>53) and healthy controls (n=142). Irritable bowel syndrome symptom severity was measured
using the irritable bowel syndrome-symptom severity scale.

Results: Patients with constipation-predominant irritable bowel syndrome and diarrhea-predominant irritable bowel syn-
drome had higher zonulin levels compared with healthy controls (p=0.006 and 0.009 respectively), which was comparable
to those with active celiac disease. Although zonulin levels did not correlate with the overall irritable bowel syndrome
symptom severity scale, it positively correlated with stool frequency per week (p=10.03) and dissatisfaction with bowel
habits (p=0.007) in diarrhea-predominant irritable bowel syndrome. Patients with diarrhea-predominant irritable bowel
syndrome and constipation-predominant irritable bowel syndrome had lower intestinal fatty acid binding protein levels
compared with celiac patients (p=0.005 and p=0.047 respectively).

Conclusion: Serum zonulin is upregulated in irritable bowel syndrome and the levels are comparable to those in celiac
disease. Zonulin levels correlated with severity of bowel habits in diarrhea-predominant irritable bowel syndrome.
Intestinal fatty acid binding protein levels in irritable bowel syndrome patients were not increased suggesting no significant
increase in enterocyte death.
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Key summary

Summarize the established knowledge on this subject
e Several studies have shown increased intestinal permeability in patients with irritable bowel syndrome.
e Validating serum biomarkers for altered increased permeability in irritable bowel syndrome is needed as
current techniques are invasive, unreliable and/or cumbersome.
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What are the significant and/or new findings of this study
e We showed that serum zonulin, a biomarker of impaired increased permeability, is increased in patients
with diarrhea-predominant irritable bowel syndrome and constipation-predominant irritable bowel syn-
drome compared to healthy controls and the levels are comparable to celiac disease.

e In our study, increased permeability

in patients

with irritable bowel syndrome was not

associated with increase in enterocyte turnover as levels of intestinal fatty acid binding protein were

not increased.

e In our patients with diarrhea-predominant irritable bowel syndrome, the increase in permeability was
clinically relevant as serum zonulin levels correlated with diarrhea severity.

Introduction

Irritable bowel syndrome (IBS) is a functional gastro-
intestinal disorder characterized by abdominal pain and
altered bowel habits.! It affects approximately 11%
of adults around the world and is associated with
impaired quality of life and increased use of healthcare
services.” > There is increasing evidence that the patho-
physiology of IBS is multifaceted involving mucosal
inflammation, visceral hypersensitivity, microbial dys-
biosis, dietary factors and altered intestinal permeabil-
ity (IP).°

Several studies have investigated IP in patients with
IBS.®? Increased IP has been noted in both adult and
pediatric patients, primarily with diarrhea-predominant
IBS (IBS-D).®!"13 Others have shown that increased
small intestinal and/or colonic permeability in IBS is
not restricted to IBS-D and could also be seen in con-
stipation-predominant IBS (IBS-C)."*'® However,
commonly used techniques to measure IP have signifi-
cant limitations, making them cumbersome in clinical
practice. Although widely used, the lactulose mannitol
assay (LMA) is time consuming and unreliable.'” Ex-
vivo techniques, such as Ussing chamber and western
blotting/immune-fluorescence of tight junction (TJ)
proteins, are invasive as they require intestinal biop-
sies.!” Identifying serological biomarkers of altered IP
in patients with IBS would facilitate further research as
well as personalized medicine using future pharma-
cotherapies targeted to the underlying disease
mechanism.'’

Zonulin and intestinal fatty acid binding protein
(I-FABP) are two serum markers of IP. Zonulin is a
human analogue of Vibrio Cholerae zonula occludens
toxin, which is an endogenous modulator of the inter-
cellular TJ. Serum zonulin levels are increased in sev-
eral disecases in which IP dysfunction is central,
including celiac disease (CeD), and type 1 diabetes
(T1DM)."®2° The importance of zonulin in modulating
IP is also demonstrated by larazotide acetate, a syn-
thetic peptide that inhibits zonulin, which has been
shown to prevent intestinal TJ opening and improve
symptoms in non-responsive CeD.?' I-FABP is a
small cytosolic protein, present in mature enterocytes,
primarily jejunum.'” Serum I-FABP is a marker of

enterocyte turnover and elevated levels indicate intes-
tinal epithelial cell damage.*> I-FABP has been shown
to be elevated in diseases with enterocyte damage such
as CeD.?>?

The role of zonulin and I-FABP in IBS has not been
well studied. Preliminary data from 15 patients with
IBS-D showed that serum zonulin levels were similar
to healthy controls (HC).>* Undseth et al. found a sig-
nificantly lower level of I-FABP in patients with IBS
compared with HC, but the study was again limited by
small sample size (67 subjects).>

To address these gaps in our knowledge of the role
of altered IP in IBS, we compared serum zonulin and
I-FABP levels in patients with IBS-D and IBS-C with
that in HC and patients with increased permeability
due to active celiac disease.

Methods
Study participants

Patients with IBS were identified by reviewing
an existing gastrointestinal sera repository maintained
at the Division of Gastroenterology, Beth Israel
Deaconess Medical Center. Only patients in whom
diagnosis of IBS-D and IBS-C were made by gastro-
enterologists with expertise in functional bowel
disorders (AL, JN) utilizing Rome III criteria were
included in the study. For IBS-D patients, only
those who had upper endoscopy with histologically
normal duodenal mucosa as part of their evaluation
were included. Sera were collected from patients with
IBS-D and IBS-C at the time of their clinic visit as
part of gastrointestinal sera repository maintained
at our institute. Patients with a diagnosis of IBS com-
pleted the IBS severity scale (IBS-SSS) at the time of
sera collection.?®

Patients with CeD were selected from participants in
the Mantioba Celiac Disease Cohort. Diagnosis of CeD
was based on positive celiac serology and villous atro-
phy on duodenal biopsies. Sera from celiac patients
were obtained within 6 weeks of initiation of a gluten-
free diet (GFD). HC were individuals without known
gastrointestinal disorders or symptoms who were seen
in a primary care clinic for annual health examinations
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and underwent routine laboratory work for health
maintenance.

Analyses of blood samples

Commercially available enzyme-linked immunosorbent
assay (ELISA) kits were used to measure serum zonulin
(Catalog number 30-ZONSHU-EOl; ALPCO, Salem,
NH) and I-FABP levels (HK406; Hycult Biotech,
Uden, The Netherlands), according to the manufac-
turers’ protocol.

Ethics approval

Ethics approval was obtained from Institutional
Review Board (IRB) (Protocol # 2018P000009, 16
January 2018). The study protocol conforms to the eth-
ical guidelines of the 1975 Declaration of Helsinki as
reflected in a prior approval by the institution’s human
research committee. The need for informed consent was
waived by the IRB for HC and IBS patients in gastro-
intestinal sera repository as the repository used dis-
carded sera. Written informed consent was obtained
from all patients with CeD.

Statistical analyses

Data were analyzed using STATA 13.0 (StataCorp,
College Station, TX, USA) and Prism 6 (GraphPad)
software. Mean age and gender were compared
among the groups using analysis of variance and chi
square testing. Serum zonulin and FABP were not
normally distributed and are reported as median (inter-
quartile range, IQR). Group differences in the level of
biomarkers were analyzed using Kruskal-Wallis one-
way analysis of variance, with post hoc testing and cor-
rection for multiple comparisons. Correlation analysis

Table 1. Demographic characteristics of study population.

was performed using Pearson’s correlation coefficient.
A p value < 0.05 was considered statistically significant.

Results
Study participants

A total of 50 patients with IBS-D, 50 patients with
IBS-C, 53 patients with CeD and 42 HC were included
in the study. The mean age in all four groups ranged
from 31.6 years to 41.2 years (Table 1). Although the
majority of patients with CeD and IBS-C were females,
IBS-D was more common in male patients; a finding
reported in prior studies.?’

Serum zonulin levels

The median zonulin levels were lowest in HC
(45.2ng/ml) and highest in patients with CeD
(66.7ng/ml) (p=0.006) (Table 2). Patients with IBS-C
and IBS-D also had significantly higher zonulin levels
compared with HC (p =0.006 and 0.009 respectively)
(Figure 1). Serum zonulin levels in patients with IBS-D
and IBS-C were comparable to those with active CeD
(p > 0.9 for each).

Zonulin levels and symptom correlation

Symptom severity was available for 64 IBS patients
(27 IBS-C, 37 IBS-D) with a mean IBS-SSS score of
238.4 (+61.8). IBS-SSS was not available for the
remaining IBS patients as they were still undergoing
evaluation and had not yet received a formal diagnosis
of IBS at the time of serum collection. Overall IBS-SSS
did not correlate with zonulin in patients with IBS-C
and/or IBS-D (Table 3). In the IBS-D group, self-
reported dissatisfaction with bowel habits positively

Celiac disease (n=53) IBS-D (n=50) IBS-C (n=50) Healthy controls (n=42) p value
Age (years) 41.24+16.6 32.1£12 31.6 £10.5 35.2+10.5 <0.001
Female gender 35 (66%) 12 (24.0%) 48 (96%) 33 (78.6%) <0.001

IBS-C: constipation-predominant irritable bowel syndrome; IBS-D: diarrhea-predominant IBS.

Table 2. Zonulin and I-FABP levels in patients with IBS compared with healthy controls and celiac disease.

Biomarker Celiac disease (n=53)

IBS-D (n=150)

IBS-C (n=50) Healthy controls (n=42)

66.7 (55.2, 80.5)
391.4 (217.1, 768.9)

Zonulin levels*  (ng/ml)
I-FABP levels* (pg/ml)

65.8 (43.3, 93.4)
224.1 (121.8, 384.9)

67.2 (44.2, 91.2)
205.5 (99.4, 333.3)

45.2 (27.3, 61.5)
338.2 (204.9, 479.0)

*Values expressed as median (interquartile range).
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Figure 1. Serum zonulin levels in patients with irritable bowel syndrome compared with healthy controls and celiac disease.

Table 3. Correlation between IBS symptom severity and serum zonulin levels.

IBS-D and IBS-C (n= 64) IBS-D (n=37) IBS-C (n=27)
Correlation Correlation Correlation
coefficient p value coefficient p value coefficient p value
Overall IBS severity* 0.14 0.25 0.24 0.15 0.02 0.91
Subscales —0.03 0.82 —0.11 0.50 0.02 0.91
Pain severity 0.01 0.93 0.13 0.45 —0.13 0.51
Pain frequency —0.01 0.94 0.12 0.47 —0.21 0.30
Bloating severity 0.29 0.02 0.43 0.007 0.15 0.46
Bowel dissatisfaction 0.16 0.20 0.19 0.25 0.16 0.42
Interference
IBS-D and IBS-C (n=50) IBS-D (n=25) IBS-C (n=25)
Stool frequency 0.27 0.06 0.45 0.03 —0.18 0.41

*Measured using IBS-SSS. Bold values refer to P value less than < 0.05 which is statistically significant.
IBS: irritable bowel syndrome; IBS-C: constipation-predominant IBS; IBS-D: diarrhea-predominant IBS; IBS-SSS: IBS severity scale score.

correlated with serum zonulin levels (p = 0.007). None of
the other IBS-SSS subdomains correlated with zonulin
levels in patients with IBS-D and/or IBS-C (Table 3).

Of these 64 patients, 50 patients (25 IBS-C and 25
IBS-D) also reported usual stool frequency per week.
Zonulin levels correlated with stool frequency in
patients with IBS-D (p =0.03).

Serum I-FABP levels

The median levels of I-FABP levels (IQR) were lowest
in patients with IBS-D (205.5 pg/ml) and highest in

patients with CeD (391.5 pg/ml) (Table 2). The IBS-D
group had significantly lower median I-FABP levels
compared with the CeD group (p=0.005) or the HC
(»=0.04) (Figure 2). I-FABP levels were also signifi-
cantly lower in the IBS-C group compared to the
CeD group (p =0.047). There were no other significant
differences among groups.

Discussion

This is the first study to show that serum zonulin, a
biomarker of impaired IP, is increased in patients
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Figure 2. Serum intestinal fatty acid binding protein (I-FABP) levels in patients with irritable bowel syndrome compared with celiac

disease and healthy controls.

with IBS-D and IBS-C compared to HC. We also found
that serum levels of zonulin in patients with IBS are
comparable to active CeD, a disorder with well-docu-
mented TJ dysfunction. Increased IP in patients with
IBS was not associated with an increase in enterocyte
turnover as levels of I-FABP were not increased.
However, this increase in permeability was clinically
relevant as zonulin levels correlated with severity of
bowel habits and stool frequency in patients with
IBS-D, both of which are surrogates of diarrhea sever-
ity in these patients.

Zonulin has been shown to regulate IP and elevated
levels of zonulin have been well documented in several
gastrointestinal as well as non-gastrointestinal disorders
associated with alteration in IP including CeD, T1DM,
and rheumatoid arthritis."®> 2 It alters small intestinal
intercellular TJ integrity by activating epidermal growth
factor receptor through proteinase-activated receptor 2
(PAR-2)."® It has also been shown to increase colonic
permeability in response to exposure to enteric bacteria.”®
Although several studies have reported increased small
intestinal and colonic permeability in patients with
IBS-D using ex-vivo and in-vivo techniques, zonulin
has not been systematically studied in IBS.%!%13

We found that serum zonulin levels in IBS-D
patients were significantly higher compared with HC,
suggesting increased IP in IBS-D. In a small study,
Barbano et al.** did not find significantly higher levels
of zonulin in IBS-D patients (n=15) compared with
controls, which could be a type II error. Interestingly,
PAR-2, which is involved in downstream signaling of
zonulin, has been suggested to be involved in the

increased permeability in IBS-D patients.? Serine pro-
teases, such as trypsin, are known to activate PAR-2,
and elevated levels of serine protease have been
reported in fecal samples of IBS-D patients.’® Future
studies should investigate the role of zonulin in IP in
patients with IBS-D.

Although all patients with IBS-D in our study had
normal small bowel histology, zonulin levels in patients
with IBS-D were comparable to patients with active
CeD. Although our celiac patients were on a GFD,
it is unlikely that there would be complete healing of
villous atrophy after such a short duration (median 4
weeks). Studies have shown a persistently abnormal
small IP in all patients with CeD (15/15) after 8 weeks
of a GFD.*! Furthermore, persistently elevated zonulin
levels have been noted in >80% of celiac patients after a
mean GFD duration of about 10 years (and in 100% of
cases with persistent villous atrophy).* It is possible that
untreated celiac patients have higher zonulin levels than
IBS patients. However, our data suggest that despite
small bowel mucosa appearing normal, there is signifi-
cant TJ dysfunction in IBS-D patients and degree of
dysfunction might be comparable to other gastrointes-
tinal disorders with mucosal abnormalities and increased
small IP. We also found that serum zonulin levels corre-
lated with patient reported dissatisfaction with bowel
habits as well as stool frequency in patients with IBS-
D. Other studies have also shown that IBS-D patients
with altered IP have higher stool frequency, visceral
hypersensitivity and more severe IBS symptoms.®'%!?

We also found that zonulin levels in patients with
IBS-C were significantly higher than HC and
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comparable to those with IBS-D and CeD. Current
studies in patients with IBS-C have focused on colonic
permeability and data on small IP are scarce.’
Although some studies have shown increased colonic
permeability, others have not.® Studies based on poly-
ethylene glycol excretion (measuring both small bowel
and colonic permeability) have shown increased IP in
IBS-C patients, however, a recent study did not report
any changes in IP in women with IBS-C.'>16-33

The exact triggers of zonulin release in IBS are
unclear. Exposure to enteric pathogens and gluten
have been shown as the two most powerful triggers of
zonulin release.'® Notably, increased levels of serum
zonulin in patients with non-celiac gluten sensitivity
(NCGS) has been reported and there is significant over-
lap between symptoms of patients with IBS and
NCGS.** Increased IP in response to gluten in HLA-
DQ2/DQ8 positive IBS-D patients has been shown.**
Unfortunately, we did not have data on gluten sensitiv-
ity or HLA genotyping in our IBS patients. Alteration
in gut microbiome and mucosal inflammation are likely
to contribute to TJ dysfunction in IBS.°

Serum I[-FABP levels in IBS patients were not
increased, suggesting that altered permeability observed
in our study is likely not due to an increased rate
of enterocyte death. Although studies have shown
that I-FABP is significantly higher in patients with
untreated CeD, levels tend to normalize within
6 weeks of gluten elimination.”® As our samples were
collected within 6 weeks of initial diagnosis of CeD, the
majority of our participants had initiated a GFD.
This might explain why the levels of I-FABP in patients
with CeD were higher (but not significantly different)
compared to controls. It is also interesting to note that
I-FABP levels in patients with IBS-C were significantly
lower compared to HC, a finding that was also seen in a
previous study.” This decreased enterocyte turnover
noted in IBS patients might be another potential patho-
genic factor in IBS, which needs to be explored further
in future studies.

Our study has a few limitations. Firstly, we did not
have data on extra-intestinal symptoms such as depres-
sion or anxiety. Secondly, we did not correlate the bio-
markers with other measures of IP such as LMA or
immunohistochemistry for TJ proteins. This was an
exploratory study, so we did not have data on gluten
sensitivity, HLA genotyping or gut microbiome com-
position in these patients, factors known to modulate
zonulin expression and release. We also did not have
data on clinical symptoms such as IBS severity, severity
of bowel dysfunction etc. in all patients with IBS due to
the retrospective nature of the study design, which used
a pre-existing sera repository. A recent study suggests
the commercially available ELISA kit for zonulin used
in our study could identify a variety of proteins

structurally and possibly functionally related to zonu-
lin, suggesting the existence of a family of zonulin pro-
teins, rather than a single member of permeability-
regulating proteins.*® Thus, our findings need to be
interpreted with caution until they are confirmed in
future studies.

In this study, we show that zonulin might have
utility as a simple serological biomarker for altered IP
in patients with IBS. Despite normal small mucosal
histology, patients with IBS-D have TJ dysfunction
(measured using zonulin levels) comparable to active
CeD. Serum zonulin levels also correlate with diar-
rhea severity in patients with IBS-D. Further studies
are needed to confirm our findings and investigate
the role of zonulin in IBS. Identifying IBS patients
with zonulin-mediated intestinal TJ dysfunction could
enable mechanistically targeted treatment in IBS (e.g.
larazotide acetate).
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