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Background/Aims: The etiology of irritable bowel syndrome (IBS) is associated with intestinal mucosal barrier damage. 
However, changes in the tight junction (TJ) proteins in IBS have not been fully elucidated. This study aimed to evaluate TJ pro-
tein changes in IBS patients and the relationship between aging and disease severity.
Methods: Thirty-six patients with IBS fulfilling the Rome IV criteria and twenty-four controls were included. To evaluate the 
change of TJ in the colonic mucosa, quantitative reverse transcription polymerase chain reaction, western blot, and immuno-
histochemistry (IHC) were performed, respectively.
Results: The entire IBS group (n = 36) exhibited decreased levels of claudin-1 and -2 mRNA compared to the control group 
(n = 24), with statistical significance (p < 0.05). Additionally, in western blot analyses, both claudin-1 and ZO-1 levels were 
significantly reduced in the IBS group compared to the control group (n = 24) (p < 0.05). IHC analysis further revealed that 
ZO-1 expression was significantly lower in the IBS group than in the control group (p < 0.001). This trend of reduced ZO-1 
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INTRODUCTION

Irritable bowel syndrome (IBS) is a common functional gas-
trointestinal (GI) disorder characterized by chronic abdomi-
nal pain and altered bowel habits. This reduces the quality 
of life and places a significant economic burden on the med-
ical system and society [1-4]. The pathophysiology of IBS is 
multifactorial, involving alterations in visceral hypersensi-
tivity, GI motility, mucosa-associated immune alterations, 
microbiome, and intestinal permeability [5]. Recent studies 
have shown the role of intestinal barrier dysfunction in IBS. 
Several previous studies have suggested that intestinal per-
meability is increased in patients with IBS with predominant 
diarrhea (IBS-D) or in those with post-infection IBS [6].

The intestinal epithelium forms a crucial barrier that reg-
ulates the selective passage of nutrients and prevents the 
infiltration of harmful pathogens and toxins into the under-
lying tissues [7]. Tight junction (TJ) proteins, which serve as 
molecular gatekeepers that control paracellular permeabili-
ty, are central to the integrity of this barrier. TJs consist of 
various proteins, including claudins, occludins, and zonula 
occludens, all of which play pivotal roles in maintaining the 
structural and functional integrity of the intestinal epithelial 
barrier [8-10].

Alterations in TJ proteins may be a key factor that con-
tributes to the disrupted gut barrier observed in patients 
with IBS. The dysregulation of these proteins can lead to 
increased intestinal permeability, thereby allowing luminal 
antigens to translocate into the underlying mucosa. This, 
in turn, can trigger immune responses, low-grade inflam-
mation, and an array of GI symptoms characteristic of IBS 
[11,12].

Among the proteins composing TJs, the following three 
proteins have been mainly studied: the transmembrane 
proteins, occludin and claudin-1, and the cytosolic protein, 
zonula occludens-1 (ZO-1) [8,13-15]. However, in patients 

with IBS, the role of TJ proteins has been poorly investigat-
ed. Previous studies have recently shown an increase in the 
colonic paracellular permeability in patients with IBS associ-
ated with a decrease in ZO-1 mRNA level [16]. Other studies 
have reported that occludin mRNA expression remained not 
modified [17]. However, a recent study has reported a de-
crease in the occludin expression in the colonic mucosa of 
patients with IBS [18].

While several studies have investigated the association 
between TJ protein levels and IBS, the exact nature of these 
changes, their mechanisms, and their clinical implications 
remain a subject of ongoing research and debate. Although 
studies have identified changes in TJ proteins in patients 
with IBS, the relationship between these changes and the 
aging process has not been well elucidated.

Therefore, we aimed to investigate the changes in TJ pro-
teins associated with aging and disease severity in patients 
with IBS, thereby contributing to a deeper understanding of 
the pathophysiological mechanisms in IBS.

METHODS

Participants
This study was conducted prospectively at a tertiary care 
center from 2018 to 2022. All participants were recruited 
from Korea, with the control group comprising individuals 
who underwent colonoscopies as part of a health checkup. 
Under the guidance of a well-trained interviewer, partici-
pants received colonoscopies and completed questionnaires 
regarding IBS symptoms. We excluded patients with any 
macroscopic or histologic abnormalities of the colonic mu-
cosa, a history of GI surgery, neuromuscular diseases, GI 
malignancies, or any other organic bowel diseases. Partici-
pants were categorized into control or IBS groups, with only 
IBS-D patients enrolled according to the Rome IV criteria, 

expression was also observed in the moderate-to-severe IBS subgroup (p < 0.001). Significantly, ZO-1 expression was notably 
lower in both the young- (p = 0.036) and old-aged (p = 0.039) IBS groups compared to their respective age-matched control 
groups. Subtype analysis indicated a more pronounced decrease in ZO-1 expression with advancing age.
Conclusions: ZO-1 expression was especially decreased in the aged IBS group. These results suggest that ZO-1 might be 
the prominent TJ protein causing IBS in the aging population.
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as shown in previous studies [19,20]. IBS-D is commonly 
known to be more prevalent, and it was expected that the 
expression of TJ proteins would be more closely associated 
with IBS-D. The control group consisted of individuals with 
normal colonic mucosa and no evidence of organic or func-
tional bowel disease.

Colonoscopy biopsy
All participants underwent a comprehensive colonoscopy, 
during which biopsies were taken from the sigmoid colon. 
Using standard biopsy forceps, we collected six tissue sam-
ples of the colon mucosa. These samples were then ana-
lyzed using quantitative reverse transcription polymerase 
chain reaction (qRT-PCR), western blotting, and immuno-
histochemistry (IHC). Specifically, two colon mucosal biopsy 
samples were allocated for each analysis method: qRT-PCR, 
western blot analysis, and IHC.

Questionnaire 
Thirty-six patients with IBS fulfilling the Rome IV criteria and 
twenty-four controls were included in this study. IBS symp-
tom severity was assessed using the IBS Severity Scoring 
System [19]. The overall IBS score ranged from 0 to 500, 
and patients were divided into 3 groups according to score, 
as follows: mild IBS, < 175; moderate IBS, 175–300; and 
severe IBS, > 300 (Supplementary Fig. 1) [21]. The IBS and 
control groups were classified according to age. Further, 
both groups were categorized into the old- and young-aged 
groups. To clarify differences between ages, participants 
aged 65 years or older were categorized into the old-aged 
group, whereas those aged 20–59 years were categorized 
into the young-aged group.

qRT-PCR
Total RNA was extracted from human sigmoid colon tissues 
using QIAzol reagent (Qiagen, Venlo, The Netherlands), 
according to the manufaturer’s instructions. Using 2  μg 
of the total RNA as a template, the first strand cDNA was 
synthesized using the RevertAid First Strand cDNA synthesis 
kit (Thermo Fisher Scientific, Waltham, MA, USA). The ABI 
ViiA7 Real-time PCR system (Applied Biosystems, Waltham, 
MA, USA) was used for quantitative real-time PCR (qPCR) 
amplification and detection. qPCR was run in triplicates, 
each of 10-μg reaction volume using Power SYBR® Green 
PCR Master mix (ABI), following the manufacturer’s instruc-
tions. Thermal cycling was performed under the following 

conditions: 50°C, 2 minutes; 95°C, 10 minute; 40 cycles of 
95°C, 15 seconds; and 60°C, 1 minute. Used primers are 
described in Supplementary Table 1. All expression levels 
were normalized to GAPDH levels of the same sample. The 
relative quantity of target gene expression to housekeep-
ing genes was measured using the comparative Ct method 
(Supplementary Table 1).

Western blot analysis
Based on the qRT-PCR results, we selected TJ proteins for 
western blot analysis. Claudin-1, -2, occludin, and ZO-1 
were selected for analysis as they are likely to be related to 
disease severity and age based on PCR analysis. Total pro-
tein was extracted from sigmoid colon tissues using RIPA 
buffer (Cell Signaling Technology, Danvers, MA, USA) and 
PMSF (Sigma Aldrich, St. Louis, MO, USA). Following elec-
trophoresis, proteins were transferred to polyvinylidene 
difluoride membranes. Primary antibodies used claudin-1 
(rabbit, 1:250, Invitrogen, Carlsbad, CA, USA, 51–9,000), 
claudin-2 (rabbit, 1:250, Invitrogen, 51–6,100), occludin 
(rabbit, 1:250, Invitrogen, 40–4,700), ZO-1 (rabbit, 1:500, 
Invitrogen, 40–2,200), and β-actin (rabbit, 1:200, Cell Sig-
naling Technology, 4,970). Rabbit-HRP (1:1,000, 7074S, 
Cell Signaling Technology) was used as the secondary anti-
body (Supplementary Table 2). We performed densitometric 
quantification using the ImageJ software (National Institutes 
of Health, Bethesda, MD, USA) and removed irrelevant 
or blank lanes from blot images to present our data in a 
streamlined way.

Immunohistochemical analysis
Based on the qRT-PCR and western blot results, we select-
ed ZO-1 as the TJ protein for IHC analysis. Two profession-
ally trained pathologists performed the IHC analysis. The 
immunohistochemical experiment was commissioned by 
SuperBioChips (SuperBioChips Laboratories, Seoul, Korea). 
The primary antibody used was ZO-1 (rabbit, 1:20, ATLAS, 
Stockholm, Sweden). Samples were analyzed using the 
BX43F microscope (Olympus, Tokyo, Japan). Expression 
percentage was assessed as a ratio between the number 
of cells stained with ZO-1 divided by the total number of 
cells counted in a section. ZO-1 expression was quantified 
using the ImageJ software. (IHC score, diffuse + strong = 3, 
focal + strong or diffuse + weak = 2; focal + weak = 1; neg-
ative = 0) (Supplementary Table 2).
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Statistical methods
All statistical analyses were performed using Statistical Pack-
age for the Social Sciences (version 18.0; SPSS Inc., Chicago, 
IL, USA) and GraphPad Prism 9 (GraphPad Software, LLC, 
Boston, MA, USA). Data were expressed as means ± stan-
dard error of the mean. The IBS and control groups were 
analyzed by age, sex, and body mass index (BMI). Each 
classification criterion was explained in the questionnaire. 
One-way analysis of variance test and unpaired t-test were 
used to compare data between different groups. When 
the number of samples was greater than 10 and less than 
30, the normality test was used to analyze the data, and 
the Mann–Whitney test and Kruskal–Wallis test were used 
to analyze the data with less than 10 samples. p values of  
< 0.05 were considered statistically significant.

Ethics statement
The study’s protocol received approval from the Institutional 
Review Board (IRB) of Kyungpook National University Hos-
pital (IRB 2019-06-020), and written informed consent was 
secured from all participants.

RESULTS

This study included 36 participants with IBS and 24 controls. 
The baseline characteristics of the participants are presented 
in Table 1. Twenty-three and thirteen patients were included 
in the IBS group’s young- and old-aged groups, respectively. 
The control group consisted of 24 participants, of whom 12 
and 12 were included in the young- and old-aged groups, 
respectively. The mild and moderate-to-severe IBS groups 
comprised 16 and 20 participants, respectively. The aver-
age symptom duration in patients with IBS was 34.3 weeks. 
Moreover, all groups had more than 32 weeks of symptom 
duration. The average and standard deviation of symptom 
duration in the IBS subgroups are described in Table 1.

qRT-PCR analysis of TJ mRNA
Compared with the control group, claudin-1, -2, -4, junc-
tional adhesion molecule A (JAM-A), occludin, and ZO-1 
mRNA levels all showed a tendency to decrease the IBS 
group. However, only claudin-1 and -2 showed a statistical-
ly significant decrease (p < 0.05) (Fig. 1A). In the subgroup 
analysis, the mild IBS group tended to have lower mRNA lev-
els than the control group; however, only claudin-1 showed Ta
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a statistically significantly decrease (p < 0.05), and no signifi-
cant difference was noted in claudin-2, -4, JAM-A, occludin, 
and ZO-1 (Fig. 1B). Claudin-1, -2, and ZO-1 showed a ten-
dency to decrease in the old-aged and IBS groups. However, 
claudin-4, JAM-A, and occludin did not show any tendency 
or statistical significance. Claudins-1 and -2 were statistical-
ly significantly reduced in the old IBS group compared to 
the young IBS group (p < 0.05) (Fig. 1C). In the subgroup 
analysis by sex, the decrease in Claudin-1, Claudin-2, and 
ZO-1 TJ mRNA levels in IBS patients was found to have a 
greater effect in women than in men, although this differ-
ence was not statistically significant (Supplementary Fig. 2). 
In the analysis by BMI, TJ mRNA levels tended to increase in 
cases of obesity, but this trend also did not reach statistical 
significance (Supplementary Fig. 3).

Western blot analysis of TJ proteins
Claudin-1, -2, occludin, and ZO-1 protein levels were mea-
sured by western blot. Compared with the control group, 
claudin-1, -2, occludin, and ZO-1 protein levels all showed 
a tendency to decrease in the IBS group. Furthermore, 
claudin-1 (p = 0.040) and ZO-1 (p < 0.0001) protein levels 
showed a statistically significant decrease in the IBS group 
(Fig. 2A). In the subgroup analysis, claudin-1 (p = 0.304), -2 
(p = 0.832), and occludin (p = 0.690) protein levels showed 
no significant difference in IBS severity; however, only ZO-1 
showed a statistically significant decreased level in both 
the mild (p  =  0.031) and moderate-to-severe IBS groups 
(p = 0.006) (Fig. 2B). Regarding claudin-1, -2, occludin, and 
ZO-1 protein levels, a tendency to decrease was observed 
in the old-aged groups compared with those in the young-
aged group. However, claudin-1 (p = 0.452), -2 (p = 0.291), 
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Figure 1. Claudin-1, -2, -4, JAM-A, occludin, and ZO-1 mRNA expression levels using reverse transcription polymerase chain reaction in 
the colonic mucosa of the controls and patients with IBS according to IBS severity and aging. (A) mRNA expression levels with or without 
IBS. (B) mRNA expression levels according to IBS severity. (C) mRNA expression levels according to IBS severity and aging. JAM-A, junc-
tional adhesion molecule; ZO-1, zonula occludens-1; IBS, irritable bowel syndrome; IBS-1 (mild), IBS-SSS questionnaire < 176 (n = 14); IBS-2 
(moderate-to-severe), IBS-SSS questionnaire ≥ 176 (n = 20); YC, young (age 20–59 yr) control (n = 12); YIBS, young (age 20–59 yr) patient 
with irritable bowel syndrome (n = 21); OC, old (age ≥ 65 yr) control (n = 12); OIBS, old (age ≥ 65 yr) patient with irritable bowel syndrome 
(n = 13). *p < 0.05; ***p < 0.001.
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and occludin (p = 0.883) showed no statistical significance. 
Compared with the young- and old-aged control group, the 
old-aged IBS group showed a significantly decreased ZO-1 
level (p = 0.047) (Fig. 2C).

IHC analysis of ZO-1 
In the IHC analysis, patients with IBS showed a significantly 
lower ZO-1 expression than controls (p < 0.001) (Fig. 3A). 
In the subgroup analysis, both mild and moderate-to-se-
vere IBS groups tended to have lower ZO-1 expression lev-
els than the control group. However, the mild IBS group 
did not show statistical significance (p = 0.229), and the 
moderate-to-severe IBS group had a significantly lower 
ZO-1 expression level than the control group (p < 0.001) 
(Fig. 3B). The young-aged group tended to have a higher 
ZO-1 expression level. Older age and moderate to severe 
symptoms tended to be associated with lower levels of ZO-1 
expression. In the subtype analysis according to age, no dif-

ference was observed between the young- versus old-aged 
control groups (p = 0.506), and the young- versus old-aged 
IBS groups (p = 0.515). The old-aged IBS groups (p < 0.05) 
showed a statistically significantly lower ZO-1 expression 
than the young-aged control group (Fig. 3C).

DISCUSSION

Our study elucidates the complex interplay between TJ pro-
tein expression, aging, and disease severity in patients with 
IBS-D. The differential expression of TJ mRNA or proteins, 
notably claudin-1, -2, occludin, and ZO-1, underscores the 
multifaceted nature of IBS-D pathophysiology, particularly in 
the context of intestinal barrier function. 

The statistically significant decrease in claudin-1 and -2 
mRNA levels in the IBS group compared to controls (p < 
0.05) highlights the potential role of these gene expres-
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Figure 2. Claudin-1, -2, occludin, and ZO-1 in western blot analysis. (A) mRNA expression levels with or without IBS. (B) mRNA expression 
levels according to IBS severity. (C) mRNA expression levels according to IBS and aging. ZO-1, zonula occludens-1; IBS, irritable bowel syn-
drome; IBS-1 (mild), IBS-SSS questionnaire < 176 (n = 14); IBS-2 (moderate-to-severe), IBS-SSS questionnaire ≥ 176 (n = 20); YC, young (age 
20–59 yr) control (n = 12); YIBS, young (age 20–59 yr) patient with irritable bowel syndrome (n = 21); OC, old (age ≥ 65 yr) control (n = 12); 
OIBS, old (age ≥ 65 yr) patient with irritable bowel syndrome (n = 13). *p < 0.05; **p < 0.005; ****p < 0.0001.
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sions in contributing to the compromised intestinal barrier 
integrity observed in IBS-D. Claudin-1 and -2 are crucial for 
maintaining the selectivity and permeability of the TJ barri-
er, and their decreased expression may facilitate increased 
intestinal permeability, a hallmark feature observed in many 
IBS-D patients [22,23]. This phenomenon could exacerbate 
the translocation of luminal contents, thereby triggering 
inflammatory responses and symptomatology associated 
with IBS-D [20]. Notably, the specificity of ZO-1’s significant 
decrease across different analyses (western blot and IHC) 
further supports its critical role in TJ integrity and the patho-
genesis of IBS-D. The reduction in ZO-1 protein, particu-
larly pronounced in the old-aged IBS group and the mod-
erate-to-severe IBS subgroup, aligns with existing theories 
suggesting a degradation of intestinal barrier function with 
aging and increased disease severity.

The paracellular permeability of the intestinal barrier is 
regulated by a complex protein system that constitutes TJs. 
Transcellular or paracellular pathways can be described in 
three ways. The first is the pore pathway, which is a high-ca-
pacity size- and charge-selection pathway regulated by the 
claudin family [24]. The second is the leak pathway, which 
is a nonselective low-dose pathway primarily regulated by 
ZO-1, occludin, and myosin light chain kinase [25,26]. Fi-
nally, unrestricted pathways are opened owing to the loss 
of TJ complexes, usually as a result of cell death, apoptosis, 
or mucosal damage. This pathway can allow the passage 
of large macromolecules and even microorganisms across 
the epithelium [12]. A decreased membrane protein ex-
pression triggers an inflammatory response in the intesti-
nal wall, thereby leading to changes in intestinal sensitivity 
and motility with intestinal barrier permeability disruption 
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Figure 3. ZO-1 in the immunohistochemical analysis (×40). (A) mRNA expression levels with or without IBS. (B) mRNA expression levels 
according to IBS severity. (C) mRNA expression levels according to IBS and aging. ZO-1, zonula occludens-1; IBS, irritable bowel syndrome; 
IBS-1 (mild), IBS-SSS questionnaire < 176 (n = 14); IBS-2 (moderate-to-severe), IBS-SSS questionnaire ≥ 176 (n = 20); YC, young (age 20–
59 yr) control (n = 12); YIBS, young (age 20–59 yr) patient with irritable bowel syndrome (n = 21); OC, old (age ≥ 65 yr) control (n = 12); 
OIBS, old (age ≥ 65 yr) patient with irritable bowel syndrome (n = 13). **p < 0.005; ***p < 0.001.
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[10,22,23]. Coëffier et al. [27] have linked epithelial barrier 
disruption and increased permeability to both the down-
regulation of the TJ scaffolding protein ZO-1 and protea-
some-mediated occludin degradation in the colonic mucosa 
of patients with IBS. Several studies have shown increased 
intestinal barrier permeability and decreased TJ protein ex-
pression in patients with IBS-D. ZO-1 and occludin protein 
expressions were significantly lower in the colonic mucosa 
of patients with IBS compared with those of the controls. 
Zeng et al. [28] have reported that the mRNA expressions of 
ZO-1 and occludin were significantly reduced in IBS-D. Ca-
milleri et al. [29] have reported that the RNA sequencing of 
claudin-1 was reduced in IBS-D. Zhen et al. [30] have stated 
that patients with IBS-D had significantly reduced occludin 
production compared with the controls. Moreover, Lee et 
al. [10] reported that ZO-1 gene expression was decreased 
in females, and no difference in claudin-1 and occluding 
was observed. Western blot showed a decrease in ZO-1 
[10]. However, in some studies, no differences were not-
ed. Ishimoto et al. [31] and Camilleri et al. [32] have shown 
that the mRNA levels of ZO-1, occludin, and claudin-1 
were similar between each IBS subtype and controls. The 
expression of TJ proteins showed different results in each 
study, and no clear data were observed on the subgroup 
(Table 2). In our study, western blot analysis revealed that 
patients with IBS exhibited significantly decreased levels of 
claudin-1 and ZO-1 proteins (p < 0.05). Subgroup analysis 
showed that ZO-1 protein levels were significantly lower in 
both mild and moderate-to-severe IBS groups (p < 0.05). In 
the older IBS group, ZO-1 protein levels were significantly 

lower than those in the younger IBS group (p < 0.05). The 
IHC analysis showed that patients with IBS had significant-
ly lower ZO-1 expression compared to those in the control 
group (p < 0.001). The moderate-to-severe IBS group had 
significantly lower ZO-1 expression levels than the control 
group (p < 0.001). The older IBS groups (p = 0.039) showed 
statistically significant lower ZO-1 expression compared to 
the control group. The ZO-1 expression level decreased with 
age. Further, it was lower in individuals with more severe IBS 
symptoms. In a rat model, age-induced mRNA expression 
downregulation and decreased ZO-1 and occludin protein 
expressions were observed in the ileum [30]. Previous stud-
ies on the expression of TJ proteins related to age and sever-
ity lacked sufficient data in humans. Our study may provide 
evidence for changes in TJ proteins according to aging and 
disease severity. Our findings reveal a nuanced relationship 
between aging, disease severity, and TJ protein expression, 
especially ZO-1 protein. While the decrease in TJ proteins 
was more pronounced in the old-aged IBS group, it’s par-
ticularly interesting that age itself did not significantly affect 
ZO-1 expression levels when comparing young and old con-
trol groups. This suggests that the observed alterations in 
TJ protein expression are more directly associated with the 
presence and severity of IBS-D rather than aging alone. The 
significant decrease in ZO-1 expression in the old-aged IBS 
group compared to young-aged controls, and its statistical 
significance across different degrees of IBS severity, under-
scores the potential exacerbating effect of aging on the dis-
ease’s impact on intestinal barrier function. These findings 
align with the hypothesis that IBS-D’s pathophysiology may 

Table 2. Changes in colonic mucosal tight junctions in patients with IBS 

Study (year)
IBS type  

(study population)
Tight junction type

Method  
(PCR, WB, or IHC)

Main results

Zeng et al. (2008) [28] IBS-D (n = 30) Occludin PCR ↓Occludin

Camilleri et al. (2015) [29] IBS-D (n = 47) CLDN-1, ZO-1, Occludin RNA sequencing ↓CLDN-1, = ZO-1, Occludin

Zhen et al. (2015) [30] IBS-D (n = 42) Occludin WB, IHC WB: ↓occludin
IHC: occludin (faint and discontinuous)

Lee et al. (2015) [10] IBS-D (n = 21) ZO-1, CLDN-1, Occludin PCR, WB PCR: ↓ZO-1 in females, = CLDN-1,  
Occludin WB: ↓ZO-1

Camilleri et al. (2014) [32] IBS-D (n = 9) Occludin, ZO-1 PCR = CLDN-1, Occludin, ZO-1

Ishimoto et al. (2017) [31] IBS-D (n = 17) CLDN-1, CLDN-2, CLDN-7, 
JAM-1, Occludin, ZO-1

PCR PCR: = CLDN-1, CLDN-2, CLDN-7, 
JAM-1, Occludin, ZO-1

IBS, irritable bowel syndrome; PCR, polymerase chain reaction; WB, western blot; IHC, immunohistochemistry; IBS-D, IBS with pre-
dominant diarrhea; CLDN, claudin; ZO-1, zonula occludens-1; RNA, ribonucleic acid; JAM, junctional adhesion molecule.
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be partly due to a compromised barrier function, which 
is further impacted by aging. In this study, the expression 
levels of mRNA and protein showed a significant decrease 
in the control group and IBS-D group. However, there was 
a tendency for these levels to decrease even more in the 
mild IBS group, contrary to the disease severity. Although 
the expression levels of mRNA and protein did not correlate 
with disease severity, particularly in IBS, disease severity is 
determined based on subjective symptoms felt by the pa-
tient using the IBS-SSS questionnaire. Since the method of 
measuring the severity of these symptoms is not based on 
pathology and biology, the decrease in TJ mRNA and pro-
tein may not align with the symptoms. These changes in TJ 
proteins may be related to symptoms due to alterations in 
mucosal permeability and the resulting increase in immune 
cells and inflammatory mediators caused by a compromised 
epithelial barrier [33]. Further studies are needed to confirm 
the association with symptoms. 

This study had several limitations. First, the relatively small 
sample size and the different number of samples per group 
limited the ability to conduct appropriate analyses of gener-
alizations and subtypes. Second, biopsy samples were taken 
from the sigmoid colon, and TJ protein expression may vary 
depending on the location in the GI tract, making identifica-
tion of the entire intestine difficult. In addition, most previ-
ous studies have been conducted in the sigmoid colon, and 
there is a lack of research in other regions of GI tract. The 
expression of TJ proteins is not consistent across different 
sites [22]. Third, this study focused on patients with IBS-D; 
therefore, results may vary depending on different subtypes. 
Fourth, IBS is a multifactorial disorder wherein dietary hab-
its, lifestyle, and other potential contributing factors may be 
present, and these factors may not be considered or con-
trolled. Finally, to evaluate TJ proteins, we utilized various 
techniques (qRT-PCR, western blot, and IHC). Variability in 
methodologies and potential technical limitations may intro-
duce bias or affect the consistency of results. Additionally, 
there may be limitations in terms of specific populations, 
cross-sectional studies, and clinical relevance.

Our study demonstrates that IBS-D is associated with sig-
nificant alterations in the expression of specific TJ mRNA and 
proteins, notably claudin-1, -2, and ZO-1. These changes are 
further influenced by the severity of the disease and the age 
of the patients, suggesting that interventions aimed at re-
storing TJ protein expression could be beneficial, especially 
in older patients or those with moderate-to-severe IBS-D. 

Future research should focus on elucidating the mecha-
nisms underlying these alterations and exploring therapeu-
tic strategies to enhance intestinal barrier function in IBS-D.

KEY MESSAGE
1. Age and disease severity are associated with alter-

ations in tight junction proteins, which may con-
tribute to increased intestinal permeability in IBS 
patients.

2. Tight junction protein ZO-1 expression is signifi-
cantly decreased in patients with IBS, especially in 
older patients and those with more severe symp-
toms.

3. This study suggests that ZO-1 is the prominent 
tight junction protein involved in the pathogenesis 
of IBS, with potential implications for understand-
ing the disease mechanisms in older populations.
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Supplementary Figure 1. The irritable bowel syndrome patient severity scoring system questionnaire (English and Korean version). 
Adapted from Francis et al. Aliment Pharmacol Ther 1997;11:395-402 [19].
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Supplementary Figure 2. Claudin-1, -2, -4, JAM-A, occludin, and ZO-1 mRNA expression levels using reverse transcription polymerase 
chain reaction in the colonic mucosa of the controls and patients with IBS according to sex. JAM-A, junctional adhesion molecule; ZO-
1, zonula occludens-1; IBS, irritable bowel syndrome; MC, male control (n = 14); S.C, sigmoid colon; MIBS, male irritable bowel syndrome 
patient (n = 15); FC, female control (n = 10); FIBS, female irritable bowel syndrome patient (n = 22).
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Supplementary Figure 3. Claudin-1, -2, -4, JAM-A, occludin, and ZO-1 mRNA expression levels using reverse transcription polymerase 
chain reaction in the colonic mucosa of the controls and patients with IBS according to body mass index. JAM-A, junctional adhesion 
molecule; ZO-1, zonula occludens-1; IBS, irritable bowel syndrome; CN, control normal weight (n = 18); IN, IBS normal weight (n = 24); 
CO, control obesity (n = 6); IO, IBS obesity (n = 4).
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Supplementary Table 1. Primers used for quantitative re-

verse transcription polymerase chain reaction

Name Sequence Tm

GAPDH F GGCATCCTGGGCTACACTGA 60.6

GAPDH R GGAGTGGGTGTCGCTGTTG 60

Claudin-1 F GCGTTGCCAGTTCCTTTTACC 59.4

Claudin-1 R TGCAAGCACAAAGTCCGATCAA 60.4

Claudin-2 F ATTGTGACAGCAGTTGGCTT 57.3

Claudin-2 R CTATAGATGTCACACTGGGTGATG 57.5

Claudin-4 F GCCTATGGATGAACTGCGT 56.7

Claudin-4 R CCACGATGATGCTGATGATGAC 58.6

Occludin F GGAAGAGCAGGAAGGTCAAAGA 59

Occludin R CGCCGCCAGTTGTGTAGTC 60.4

ZO-1 F GAAGATCGCGTCCCCATGTAT 59

ZO-1 R TGGGTAGGGCTGTTTGTCATC 59

JAMA F GAGGCACGGAATGGGTATGG 59.6

JAMA R CAGGGTTACAAGGACGGCTG 59.7

GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; ZO-1, 
zonula occludens-1; JAMA, junctional adhesion molecule; F, 
forward primer sequence; R, reverse primer sequences; Tm, 
melting temperature.
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Supplementary Table 2. Primary antibodies used for western blot and immunohistochemical analysis

Company Cat # Host Final dilution

Claudin-1 Invitrogen 51–9,000 Rabbit 1:250

Claudin-2 Invitrogen 51–6,100 Rabbit 1:250

Occludin Invitrogen 40–4,700 Rabbit 1:250

ZO-1 Invitrogen 40–2,200 Rabbit 1:500

ZO-1 ATLAS HPA001636 Rabbit 1:200

β-Actin Cell Signaling 4970 Rabbit 1:10,000

ZO-1, zonula occludens-1; Cat#, Catalogue number.
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