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Abstract. The article presents an analysis of literature data on the violation of intestinal permeability as one of the
pathogenetic factors of irritable bowel syndrome. The structure of tight junctions is considered in detail as an impor-
tant element of the normal functioning of the intestinal barrier. The researches that previously studied the expression
of tight junction components in patients with irritable bowel syndrome were considered. The results of our own study
with the evaluation of occludin expression in patients with irritable bowel syndrome are shown. It has been found that
the expression of occludin is lower in patients with irritable bowel syndrome compared with healthy individuals.
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Introduction

Irritable bowel syndrome (IBS) remains one of the most
common diseases of the digestive system today. Despite all the
achievements of the last decades, the efficacy of IBS treat-
ment remains inadequate. First of all, this is due to the fact
that the modern therapy of IBS has primarily symptomatic
direction. It is important to study the causes and pathogenetic
factors of the onset and development of IBS with a view to
their further correction, which, of course, will significantly
improve the effectiveness of the treatment of this disease.

For a long time, the psycho-emotional component was
considered perhaps the only cause of IBS. However, studies
of the last decades have confirmed that the psycho-emo-
tional factor is sufficiently important and frequent, however,
not the only one in the development of IBS. The role of the
prior intestinal infection as a factor for developing the so-
called post-infectious IBS is proved. More and more studies
are available, proving the presence of minimal inflammation
in the intestinal mucosa in patients with IBS. The aspect of
the relationship between intestinal microflora and IBS is in-
teresting and rapidly developing. The study of other factors
for the development of this pathology continues.

The role of intestinal epithelial permeability in patients
with IBS is an interesting and promising area in the study of

IBS pathogenesis. The intestinal epithelial barrier is an im-
portant factor in intestinal homeostasis and is the first line of
intestinal protection from external factors (microorganisms,
food antigens, etc.). An intercellular integration violation
can activate a local immune response that may have an ef-
fect on the development of IBS [1-3].

The intestinal epithelial barrier is one of the largest surfa-
ces in the body that contact the external area. And it has a very
important task: on the one hand, to ensure unimpeded ab-
sorption of water and nutrients, on the other hand, to protect
from the harmful effects of bacterial and non-bacterial exter-
nal factors located in the intestinal cavity. Different protec-
tive factors perform this important function in the body; there
are two levels of protection: immune (epithelial and immune
cells) and non-immune (intestinal motility, mucus layer on
the surface of the epithelium, water secretion) ones. All these
components of protection normally operate in a complex and
consistent manner, and a violation of one of them can disrupt
the normal functioning of the intestinal barrier [1].

Among the cells of the intestinal mucosa involved in
providing the intestinal epithelial barrier, a number of cells
can be noted: enterocytes, mucus-producing goblet cells,
enteroendocrine cells, Paneth cells, T- and B-lymphocytes,
IgA-secreting plasma cells, mast cells, dendritic cells, mac-
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rophages. They closely interact with each other and provide
the protective function of the intestinal epithelium. Certain
receptors such as toll-like receptors, nucleotide-binding
oligomerization domain-like receptors also perform the
important protective function of the intestinal epithelium.
They protect from harmful factors, co-operate with the
beneficial intestinal microflora, and, if necessary, affect the
expression of antimicrobial peptides [1].

In this aspect, the apical complex on the border between
the epithelial cells and the intestinal cavity is of particular
interest. It provides a density of contacts between the cells
of the intestinal epithelium. The main component of this
complex is tight junction. Tight junctions are composed of
transmembrane proteins (claudin, occludin, junctional ad-
hesion molecules), which interact with the proteins of adja-
cent cells. These proteins are connected to the actomyosin
cytoskeleton filaments through scaffolding proteins (zonula
occludens (ZO)) [1].

Tight junctions are under constant influence of vari-
ous physiological and pathological factors. Of course, the
smooth operation of tight junction components depends to
a large extent on the normal functioning of the entire intes-
tinal epithelial barrier.

We have considered in a simplified version the normal
functioning of the intestinal epithelial barrier, but the ques-
tion arises about how this all is related to IBS.

To date, there is ample evidence of the correlation be-
tween increased intestinal permeability and IBS, in particu-
lar diarrhea-predominant IBS. Back in 2000, R.C. Spiller et
al. showed increased intestinal permeability in patients with
post-infectious form of IBS caused by a previous infection
with Campylobacter enteritis [6].

Similar results were obtained by J.K. Marshall et al.
(2004). Lactulose-mannitol test for intestinal permeability
was performed in 132 patients with IBS and 86 controls.

Intestinal lumen

Actomyosin
cytoskeleton

Z0-1/-2/-3

Paracellular space

Figure 1 — Molecular components of tight junction
(Martinez C., Gonzalez-Castro A., Vicario M.,
Santos J., 2012)

The result showed a significant increase in patients with IBS
compared to controls (Mann-Whitney’s score was 118.8 vs.
95.3, P=10.007) [7].

In the study of S.P. Dunlop et al. (2006), it was shown
that in patients with diarrhea, the permeability of the small
cell epithelium was significantly increased compared to pa-
tients with constipation-predominant IBS and healthy in-
dividuals. Interestingly, in patients with IBS without prior
intestinal infection, permeability was more affected than in
patients with post-infection type of IBS [4].

Q. Zhou et al. in 2009 investigated the intestinal permea-
bility by means of lactulose-mannitol method in 54 patients
with diarrhea, and 22 healthy individuals. In 39 % of patients
with diarrhea-predominant IBS, an increased permeability
of the intestinal epithelium was detected. The relationship
between increased intestinal permeability and the severity of
intestinal symptoms was an important result of this study.
Thus, the Functional Bowel Disorder Severity Index in pa-
tients with IBS and high permeability was 100.8 + 5.4, in
patients with IBS and normal permeability — 51.6 = 12.7,
in controls — 6.1 + 5.6. The authors of the study concluded
that increased intestinal permeability increases visceral hy-
persensitivity in patients with IBS [5].

Interesting results were recently obtained in the study of
Z. Mujagic et al. Small intestinal and gastroduodenal per-
meability was analyzed by various methods in patients with
different forms of IBS as compared to controls. It was found
that gastroduodenal permeability was increased in all forms
of IBS. Instead, the intestinal permeability was elevated pre-
dominantly in patients with diarrhea-predominant IBS [8].

In recent years, there were obtained the results of the eva-
luation of the tight junction components in patients with IBS.

In a study by P. Cheng et al. (2015), molecular and cel-
lular mechanisms of tight junctions were evaluated using
electron microscopy, and intestinal epithelial claudin-1 was
detected by immunohistochemical study, western blot ana-
lysis, and fluorescence quantitative polymerase chain reac-
tion. Claudin-1 expression has been shown to be reduced in
diarrhea-predominant IBS and elevated in IBS with consti-
pation [9]. In another study in China, the following results
were shown: claudin-1 and -4 expression decreased in pa-
tients with IBS and diarrhea, claudin-1, -3, and -4 expres-
sion increased with constipation [10].

In the Spanish study of C. Martinez et al., the expression
of ZO-1 in the intestinal biopsy sample was analyzed, taking
into account the number of mast cells and clinical symp-
toms in patients with diarrhea-predominant IBS. It has been
found that ZO-1 expression was significantly reduced in pa-
tients with diarrhea. There is also a significant correlation
between ZO protein, mast cell activity and clinical symp-
toms in patients with IBS [11].

As already mentioned, with regard to the tight junction
components, there is a difference in the various forms of
IBS. In a recent study, there was no significant difference in
the expression of occludin, claudin, and ZO in women with
constipation-predominant IBS compared to controls [12].

In the study by N. Bertiaux-Vandaéle et al., all major
tight junction components were examined in 55 patients with
different forms of IBS. It was found that expression of ZO-1
and occludin was significantly reduced in patients with IBS,
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Figure 2 — Intestinal mucosal biopsy specimens
in patient with IBS. Inmunohistochemical analysis

while claudin had a tendency to decrease. The study of these
indices in different forms of IBS showed that expression of
occludin and claudin-1 was reduced in diarrhea-predomi-
nant form and was not reduced in constipation-predominant
and mixed form of IBS. Expression of occludin and clau-
din-1 correlated with the duration of IBS symptoms. Inte-
restingly, the expression of occludin was particularly reduced
in patients with abdominal pain higher than 6 on the visual
analogue scale that confirmed the relationship between the
state of tight junction (and, consequently, intestinal per-
meability) and the severity of clinical symptoms of IBS [13].

We would like to share the results of our own research
on the subject.

The purpose of the study was to compare the expression
of occludin in patients with IBS and in healthy individuals.

Materials and methods

The research was conducted at the premises of the Insti-
tute of Gastroenterology of the National Academy of Medi-
cal Sciences of Ukraine. Nineteen biopsy specimens were
evaluated: 12 — in patients with diarrhea-predominant IBS,
7 — in healthy controls.

The study was performed using immunohistochemical
method. As primary antibodies, rabbit polyclonal occludin
antibodies (GeneTex, USA-Taiwan) were used at dilution of
1:50. Master Polymer Plus Detection System (peroxidase),
including DAB Chromogen (Master Diagnostica, Spain),
was used as secondary antibodies.

During the immunohistochemical reaction, occludin was
stained brown. To determine occludin content, quantita-
tive morphometric analysis was performed using the ImagelJ
program, which evaluated the brightness of the images in pi-
xels. In every biopsy sample, there were evaluated 10 squares
(100 x 100 pixels), as well as minimal, maximal and mean
brightness. The darker the image was (the more the occlusion
was expressed), the lower the brightness value at Imagel.

Results

Figures 2 and 3 show biopsy specimens in patients with
IBS and in control group.

Parameters of occludin expression in comparison groups
are shown in Tables 1 and 2.

Figure 3 — Intestinal mucosal biopsy specimens
in healthy person. Inmunohistochemical analysis

As can be seen from the data obtained, the brightness
during the ImagelJ evaluation in the IBS group (168.30 £
0.63) was significantly higher than in the control group
(158.70 = 1.46) (p < 0.001). Consequently, occludin ex-
pression in patients with IBS was significantly lower than in
healthy subjects.

Table 1 — Expression of occludin in biopsy samples
of patients with IBS

Biopsy Mean Minimal Maximal
sample | brightness | brightness | brightness
1 172.71 £1.41|149.60 + 2.03|191.10 = 1.70
2 175.01 +1.03|142.30 + 3.39| 195.90 + 1.45
3 164.55 +2.38132.40 + 4.13| 188.90 + 1.09
4 160.87 + 1.19|124.00 + 2.29 | 187.30 + 2.09
5 175.24 £ 1.54|146.90 + 5.71(189.40 + 1.24
6 165.01 + 1.81|119.40 + 12.46| 187.80 + 0.76
7 176.98 + 1.18|148.30 + 3.12| 197.90 + 1.11
8 162.55 +1.30|131.00 + 2.19| 187.1 +2.09
9 165.77 + 0.83 | 139.00 + 0.88 | 187.20 + 0.90
10 162.87 + 1.35|127.60 + 2.67 | 188.80 = 1.50
11 170.36 + 1.83|123.20 + 11.19| 191.90 + 1.56
12 167.69 + 1.03|139.00 + 2.02| 189.00 + 0.89
\",’;‘Tjg 168.30 = 0.63 | 135.22 + 0.95 [ 190.19 + 0.32

Table 2 — Expression of occludin in biopsy samples
of controls

Biopsy
sample

Mean
brightness

Minimal
brightness

Maximal
brightness

162.16 + 4.52

88.40 + 11.90

193.50 + 1.48

163.22 + 4.94

104.50 + 9.60

194.40 +1.73

156.33 + 4.22

84.60 + 10.03

188.50 + 1.52

162.59 + 2.56

97.80 + 8.74

192.30 + 1.00

157.52 + 3.94

101.50 + 7.16

185.80 + 2.12

||~ IN|—=

156.05 + 2.92

89.30 + 6.53

190.10 + 1.33

7

153.01 + 3.34

96.20 + 6.96

183.70 + 1.53

Mean
value

158.70 = 1.46

94.61 = 0.87

189.75 £ 0.48
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Conclusions

1. The use of an immunohistochemistry to evaluate the
expression of occludin in the intestinal mucosa allows us to
evaluate the permeability of the intestinal epithelium.

2. In patients with IBS, the expression of occludin is
significantly lower than that of healthy individuals.

Thus, one of the most important factors in the develop-
ment of IBS is the deterioration in the functioning of the
intestinal epithelial barrier. The studies performed show a
decrease in occludin concentrations in patients with I1BS.
Further investigations concerning this problem may be very
important for better understanding of pathogenesis of IBS.

References

1. Martinez C, Gonzdlez-Castro A, Vicario M, Santos J. Cellular and
molecular basis of intestinal barrier dysfunction in the irritable bowel syn-
drome. Gut Liver: 2012 Jul;6(3):305-15. doi: 10.5009/gnl.2012.6.3.305.

2. Turner JR. Intestinal mucosal barrier function in health and dis-
ease. Nat Rev Immunol. 2009 Nov,9(11):799-809. doi: 10.1038/nri2653.

3. Garrett WS, Gordon JI, Glimcher LH. Homeostasis and inflam-
mation in the intestine. Cell. 2010 Mar 19;140(6):859-70. doi: 10.1016/j.
cell.2010.01.023.

4. Dunlop SP, Hebden J, Campbell E, et al. Abnormal intestinal
permeability in subgroups of diarrhea-predominant irritable bowel syn-
dromes. Am J Gastroenterol. 2006 Jun,101(6):1288-94. DOI: 10.1111/j.1572-
0241.2006.00672.x.

5. Zhou Q, Zhang B, Verne GN. Intestinal membrane permeability and
hypersensitivity in the irritable bowel syndrome. Pain. 2009 Nov; 146(1-2):41-6.
doi: 10.1016/j.pain.2009.06.017.

6. Spiller RC, Jenkins D, Thornley JP, et al. Increased rectal mucosal

enteroendocrine cells, T lymphocytes, and increased gut permeability following

CrenaHos O.M.", byasak 1.51.2, [aiaap KO.A."

acute Campylobacter enteritis and in post-dysenteric irritable bowel syndrome.
Gut. 2000 Dec;47(6):804-11. doi: 10.1136/gut.47.6.804.

7. Marshall JK, Thabane M, Garg AX, et al. Intestinal permeabil-
ity in patients with irritable bowel syndrome afier a waterborne outbreak of
acute gastroenteritis in Walkerton, Ontario. Aliment Pharmacol Ther. 2004
Dec;20(11-12):1317-22. doi: 10.1111/j.1365-2036.2004.02284.x.

8 Mujagic Z, Ludidi S, Keszthelyi D. Small intestinal permeability is
increased in diarrhoea predominant IBS, while alterations in gastroduodenal
permeability in all IBS subtypes are largely attributable to confounders. Aliment
Pharmacol Ther: 2014 Aug;40(3):288-97. doi. 10.1111/apt.12829.

9. Cheng P, Yao J, Wang C, Zhang L, Kong W. Molecular and cellular
mechanisms of tight junction dysfunction in the irritable bowel syndrome. Mol
Med Rep. 2015 Sep;12(3):3257-3264. doi: 10.3892/mmr:2015.3808.

10.  Kong WM, Gong J, Dong L, Xu JR. Changes of tight junction clau-
din-1,-3,-4 protein expression in the intestinal mucosa in patients with irritable
bowel syndrome. Nan Fang Yi Ke Da Xue Xue Bao. 2007 Sep;27(9):1345-7.

11.  Martinez C, Vicario M, Ramos L, et al. The jejunum of diarrhea-
predominant irritable bowel syndrome shows molecular alterations in the tight
Junction signaling pathway that are associated with mucosal pathobiology and
clinical manifestations. Am J Gastroenterol. 2012 May,107(5):736-46. doi:
10.1038/ajg.2011.472.

12, Peters SA, Edogawa S, Sundt WJ, et al. Constipation-Predominant
Irritable Bowel Syndrome Females Have Normal Colonic Barrier and Secre-
tory Function. Am J Gastroenterol. 2017 Jun;112(6):913-923. doi: 10.1038/
ajg.2017.48.

13.  Bertiaux-Vandaéle N, Youmba SB, Belmonte L, et al. The expression
and the cellular distribution of the tight junction proteins are altered in irritable
bowel syndrome patients with differences according to the disease subtype. Am
J Gastroenterol. 2011 Dec, 106(12):2165-73. doi: 10.1038/ajg.2011.257.

Received 08.04.2019 W

'AY «IHCTuTyT ractpoeHTeponorii HAMH Ykpainn», m. AHinpo, YkpaiHa
2A3 «AHInponeTpoBCbka MeamYHA akaaemis MO3 YkpaiHn», M. ARHINPO, YkpaiHa

BU3HAYEHHS MDDKKAITUHHMX KOHTAKTIB Y XBOPUX
i3 CUHAPOMOM MOAPA3HEHOrO KULLIEYHUKA

Pesiome. VY crarri HaBeneHO aHami3 JTiTEPaTypHUX JaHUX CTO-
COBHO IMOPYIICHHS KUITKOBOI MPOHUKHOCTI SIK OTHOTO 3 T1aTO-
FeHETUYHUX (HAKTOPIB CUHAPOMY MOAPA3HEHOTO KUIIEYHUKA.
JleTaabHO PO3IJISIHYTO OYIOBY IIiIbHUX KOHTAKTIiB SIK BaKJIU-
BOrO eJIeMeHTa HOPMaJbHOTO (DYHKILIOHYBAaHHSI KHUIIKOBOTO
O6ap’epa. Po3rnsaHyTi mOCHiIKeHHS, Y SKUX TONEepPeIHbO BU-
BYAJIU €KCIPECil0 KOMIIOHEHTIB IIIbHUX KOHTAKTIB Y XBOPUX
i3 CMHIPOMOM IOIpa3HEHOro KuilleuyHuka. [TokazaHo pe3yib-

CrenaHos KO.M.", byasak U.51.2, [aviaap KO.A.'

TaTW BJIACHOTO JOCHIIKEHHS 3 OLIIHKOIO eKCHpecii OKIIONUHY
B MAlli€HTIB i3 CUHIAPOMOM IIOAPA3HEHOr0 KUIlleYHUKa. byno
BCTAHOBJICHO, IO €KCIPECisl OKIIOIUHY € HUXYOK Y XBOPUX
i3 CUHIPOMOM TO/IPa3HEHOT0 KHUIIIEeUHUKA MOPIBHSIHO 3i 370-
POBUMHU OCOOAMMU.

Kn104oBi c10Ba: cuHIpOM MOApa3sHEHOrO KMIIEYHUKA; KUIIKO-
Ba MPOHUKHICTh; IIJIbHI KOHTaKTH; OKJIIOAWH; iMyHOTiCTOXiMiu-
HUIA MeTOx

TY «IHCTUTYT racTpoaHTepororm HAMH YkpauHsei», r. AHenp, YkpauHa
2I'Y «AHenponeTpoBCKAs MeALUMHCKAST akaaemims M3 YkpauHbi», r. AHenp, YkpauHa

OnpeaeAeHne MeXKAETOYHbIX KOHTAKTOB Y GOAbHbIX
C CUHAPOMOM PA3APCGXXEeHHOIro Kue4yHuKa

Pe3iome. B crarbe npuBeneH aHalInU3 JIUTEPATYPHBIX JaHHBIX O
HapylLIeHUM KUILEYHON MPOHUIIAEMOCTH KaK OJHOTO U3 MaTore-
HeTHYeCKuX (haKTOPOB CHHApPOMA pa3Ipak€HHOTO KUIIEYHUKA.
JleTaabHO PACCMOTPEHO CTPOEHME TUIOTHBIX KOHTAKTOB KakK BaX-
HOTO 3JIEMEHTa HOPMaJIbHOTO (hYHKIIMOHUPOBAHUS KUIIEYHOTO
b6apbepa. PaccMoTpeHBl ucciienoBaHus, B KOTOPBIX IpeaBapu-
TeJIbHO U3YYaiu SKCIIPECCUI0 KOMITOHEHTOB IJIOTHBIX KOHTAKTOB
y OOJIbHBIX C CHHIPOMOM pa3lpakeHHOro KuineuyHuka. [Toxa-

3aHbl PE3yJabTaThl COOCTBEHHOTO MCCJIEAOBAHUS C OLIEHKON K-
CIIPECCHUM OKKJIIOJMHA Y TAlITUEHTOB C CUHAPOMOM pasapa>kKC€HHO-
ro KMIlIeYHnKa. buiio YCTaAHOBJICHO, YTO 3KCIIPECCHA OKKITIOAUHA
HUXKE 'y OOJILHBIX C CUHAPOMOM pa3apaXC€HHOro KMIe4YHnKa 1o
CPaBHEHMUIO CO 310POBLIMU JIMLIAMMU.

KiroueBbie cioBa: CUHAPOM pasapak€HHOT0 KUIICYHUKA; K-
meyHas IIpOHULAEMOCTh, IIJIOTHbIC KOHTAKThI; OKK/IIOAWH, UM-
MyHOI‘l/ICTOXl/IMI/l‘iECKI/lﬁ METO
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