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SUMMARY

Background: The aim of this research was to assess serum zonulin and claudin-5 concentrations to show whether or not their
eventual changes in patients with obsessive-compulsive disorder (OCD) could have etiopathogenetic importance. There was no
research in the literature assessing serum zonulin and claudin-5 levels in OCD to the best of our understanding.

Subjects and methods: In this study, we assumed that there may be a deterioration in serum zonulin and claudin-5 levels in OCD
patients and this may affect the severity of the disease. Thirty-six OCD patients and 35 healthy controls were included in this study.
The patients were administered Hamilton Depression Rating Scale (HDRS) and Yale-Brown Obsession Compulsion Scale (Y-BOCS)
to determine the severity of depression and OCD, respectively. Venous blood samples were collected, and serum zonulin and
claudin-5 levels were measured.

Results: The mean serum claudin-5 level was significantly higher without a significant difference between age, sex, and body
mass index, whereas serum zonulin level was not different from the control group in OCD patients.

Conclusions: In conclusion, the current research indicates that claudin-5 is enhanced in OCD patients and this finding may

contribute to the role of blood-brain barrier in the pathogenesis of OCD.
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* * * * *

INTRODUCTION

Obsessive-compulsive disorder (OCD), with an
incidence of 2-3 percent throughout the world, is de-
fined by intrusive unwanted thoughts, ideas, or pictures
that are distressing and urge the patient to conduct
ritualistic activities or mental acts to decrease this
distress. It has been caused with significant impairment
to the quality of life in both the patient and proximal
family and friends (Kugler et al. 2013). Despite enor-
mous information from genetic, neurobiological, neuro-
chemical and neuroimaging research, its etiopatho-
genesis is obscure (Bandelow et al. 2017, Pauls 2010).
Contemporary understanding shows that OCD's etio-
pathogenesis is multifactorial.

Zonulin, an endothelial stimulator of the growth fac-
tor of the receptor, has been shown to control the per-
meability of the intestine and the blood-brain barrier
(BBB). It has earlier been involved in a loss of gastro-
intestinal tract barrier function, which allows macromo-
lecules, including endotoxins, to move into the body and
lead to an immune response (Fasano 2011). Zonulin has
been studied as a peripheral marker of intestinal per-
meability in some inflammatory diseases (Sturgeon and
Fasano 2016). It levels have been found to be high in
obesity (Zak-Gotab et al. 2013), diabetes mellitus (Zhang
et al. 2014), multiple sclerosis (Camara-Lemarroy et al.
2019), sepsis (Klaus et al. 2013). Zonulin has also been
studied in relation to some psychiatric disorders, such as
autism spectrum disorder (ASD) (Esnafoglu et al.

2017), attention deficit hyperactivity disorder (ADHD)
(Aydogan Avsar et al. 2020, Ozyurt et al. 2018),
obsessive-compulsive disorder in children (Isik et al.
2020) schizophrenia (Barber et al. 2019, Usta et al.
2020), bipolar disorder (Kilig et al. 2020), and suicide
behaviour (Ohlsson et al. 2019). In addition to its effect
on the intestine, zonulin also regulates the permeability
BBB (Barber et al. 2019).

Another molecule which is an integral membrane
protein that regulates the permeability of the BBB is
claudin-5 from the claudin family. The BBB plays an
important role in defending the central nervous system
(CNS) via claudin-5, by restricting access to circulating
solutes, macromolecules, and cells that could negatively
affect neuronal activity (Fiorentino et al. 2016). There-
fore, changes in claudin-5 functions can lead to the ope-
ning of the paracellular pathway and increase the per-
meability of the endothelial barrier of the brain (Greene et
al. 2019). Dysfunctions of the claudin-5 have been asso-
ciated with some neurodegenerative disorders such as
Alzheimer’s disease (Keaney et al. 2015), neuroinflam-
matory disorders such as multiple sclerosis (Mandel et al.
2012) as well as psychiatric disorders including depres-
sion (Menard et al. 2017; Santha et al. 2016), ASD and
schizophrenia (Fiorentino et al. 2016). OCD may be
subject to the same conditions. Also, the claudin-5 gene is
located within 22g11.2 chromosome (Greene et al. 2019).
Individuals with the 22911 deletion syndrome (22q11DS)
have a 30-fold enhanced lifetime risk of developing
schizophrenia and other neuropsychiatric conditions

273



Faruk Kilig, Umit Isik & Duygu Kumbul Dogu¢: SERUM CLAUDIN-5, BUT NOT ZONULIN, MAY BE ASSOCIATED

WITH OBSESSIVE-COMPULSIVE DISORDER

Psychiatria Danubina, 2022; Vol. 34, No. 2, pp 273-278

(Murphy et al. 1999). Claudin-5 expression has been
studied in schizophrenia, and the authors suggested that
the disruption of BBB may be a modifying factor in
schizophrenia development (Greene et al. 2018). Al-
though OCD is common in 22q11DS (Gothelf et al.
2004), there is no study that has examined the rela-
tionship between adult patient with OCD and claudin-5.
In our previous study, serum claudin-5 levels were found
to be significantly higher in children with OCD patients
whereas serum zonulin levels were not significantly
different between the groups (Isik et al. 2020).

There was no research in the literature assessing
serum zonulin and claudin-5 concentrations in OCD to
the best of our understanding. In this study, we assumed
that there may be a deterioration in serum zonulin and
claudin-5 levels in OCD patients and this may affect the
severity of the disease. Therefore, we conducted the
current study to specifically measure serum zonulin and
claudin-5 to see whether or not its eventual changes
might have etiopathogenetic importance in patients with
OCD.

SUBJECTS AND METHODS

The study consisted of 36 patients who applied to
the University School of Medicine, Department of
Psychiatry and were diagnosed with OCD according to
DSM-IV-TR criteria. Available 35 healthy controls
according to the exclusion criteria were chosen among
the hospital staff members. Each topic underwent a
physical examination and a psychiatric diagnostic
assessment after giving written informed permission.
DSM-IV-TR OCD diagnosis was created by a senior
physician on the grounds of independent clinical inter-
views. After a full explanation of the research method,
all subjects gave informed written permission. The re-
search was carried out in compliance with the Helsinki
Declaration. The study was reviewed and approved by
the Ethics Committee at University Medical Faculty
(date in 17/05/2019, protocol number 151).

Exclusion criteria can vary such as unstable physical
condition, axis | comorbidity, presence of endocrino-
logical disease, diabetes history or lipid disorder, preg-
nancy or lactating, substance abuse within the last 3
months, unstable metabolic parameters, diets which
have effects on hematological and biochemical parame-
ters, anti-biotic and anti-inflammatory drug usage.

Thirty-five healthy control subjects (17 women and
18 males) were selected from the hospital staff according
to exclusion criteria. They did not have any psychiatric
disorders in their present or lifetime history. In their first-
degree families, they also had no history of significant
mood disorder, dementia, and psychosis. They also had
no history of any endocrinological disease, lactating or
childbearing potential, substance abuse, known medical
conditions that could influence changes in metabolic
parameters, known history of diabetes or gastrointestinal
disorder, use of anti-inflammatory and antibiotic agents,
or clinically relevant abnormal laboratory testing.
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The patients were administered Hamilton Depres-
sion Rating Scale (HDRS) (Hamilton 1960) and Yale-
Brown Obsession Compulsion Scale (Y-BOCS) (Good-
man et al. 1989) to determine the severity of depression
and OCD, respectively.

Biochemical analysis

The patients and controls have fasted overnight.
Venous blood samples were taken at 08.00-10.00 a.m.
from the antecubital vein to determine the serum
concentrations of zonulin and claudin-5. Venous blood
samples of the patients included in the study were
taken into biochemistry tubes and centrifuged at 3000
rpm for 10 minutes and the serum portion was obtained.
The serum sample obtained was stored at -80°C until
the working day.

Determination of serum zonulin and claudin-5

The levels of human Claudin-5 and human Zonulin
were determined by using commercial enzyme-linked
immunosorbent assay (ELISA) kits [E-lab science
Catalog No: SEF295Hu (Wuhan-China), E-lab science
Catalog No: E-EL-H5560 (Wuhan-China) respectively].
The samples were 5-fold diluted at the beginning of the
assays. To determine the levels of mentioned parameters
in patient samples, a standard concentration-optic density
graphic is used and the results were multiplied by 5 clau-
din-5 assay included 7 point calibrators as 31.25 pg/ml,
62.5 pg/ml, 125 pg/ml, 250 pg/ml, 500 pg/ml, 1000 pg/ml
and 2000 pg/ml. Similarly human Zonulin included 7
point calibrators as 0.78 ng/ml, 1.57 ng/ml, 3.13 ng/ml,
6.25 ng/ml, 12.5 ng/ml, 25 ng/ml, 50 ng/ml.

Statistical analysis

Our data were analyzed on the IBM SPSS Statistics
software (ver. 18; IBM Corp., Armonk, NY, USA). Data
were displayed as mean, normal deviation and propor-
tion, and assessed using descriptive analysis. Relationship
assessment on numerical data was conducted using the
correlation test and using the chi-square test for cate-
gorical data. Depending on the sample numbers of the
groups to be compared and on the homogeneous distri-
bution, parametric or non-parametric comparisons
were selected. When required, analysis of covariance
(ANCOVA) was used to control for covariates. Age,
sex, BMI-adjusted covariance Analysis (General Linear
Model) for zonulin and claudin-5 parameters.

RESULTS

No difference in demographic variables was found
between groups. The demographic data are shown in
Table 1. In regard to smoking status, no difference was
found between groups, with thirteen in the patient group
versus eleven in control ones (p>0.05). The mean Y-
BOCS and HRDS scores were 20.3+7.8 and 14.2+5.6 in
OCD patients, respectively.
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Table 1. Demographic and clinical characteristics of patients with OCD and controls

OCD (n=36) Control (n=35) t/z/x? p
Age (years) 3149.4 34.1+5.7 -1.848° 0.064
Sex 0.680°¢ 0.410
Female 21 17
Male 15 18
Marital status 6.390° 0.011
Single 21 10
Married 15 25
Education 1.778° 0.411
Primary 5 7
High 12 15
University 19 13
Smoking 0.174° 0.677
Yes 13 11
No 23 31
BMI 24.843.1 25.1+£3.3 -0.4142 0.680
Duration of illness (year) 10.5+9
Duration of drug use (year) 4.3+5
History of suicide attempt
Yes 5
No 31
Y-BOCS 20.3+7.8
HDRS 14.245.6

BMI: Body Mass Index; Y-BOCS: Yale-Brown Obsession Compulsion Scales; HDRS: Hamilton Depression Rating Scala;
2 Student t test; °Mann-Whitney U test; °©Chi square test

Table 2. Serum Zonulin and Claudin-5 levels of patients with OCD and controls

_ _ ANCOVA

OCD (n=36)  Control (n=35) t/z p F(1.66) o he?
Zonulin (ng/ml) 157.5£60 134.6+56.2 1.655 0.1022 2.217 0.141  0.032
Claudin-5 (pg/ml) 24259+1181.9  1195.1£672.9 -4.715 <0.001° 25.886 <0.001 0.282

aStudent t test; ° Mann—Whitney U test; Analysis of covariance (ANCOVA) was used after adjusted for age, sex, and Body
Mass Index for comparisons between two groups.
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Figure 1. Box plots representing the distribution of Serum a) Zonulin and b) Claudin-5 levels in OCD patients and controls
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There were no statistically significant differences
between the groups with respect to body mass index
(BMI) (24.8+3.1 in the patient group and 25.1£3.3 in
controls) (p>0.05). The mean zonulin levels were
157.5+60 ng/ml for the patient group and 134.6+56.2
ng/ml for the control group (p=0.102). By using
ANCOVA, no significant difference in the mean zonulin
values maintained even after controlling for age, sex
and BMI (F=2.217, hy?=0.032, p=0.141). By using
ANCOVA, significant difference in the mean claudin-5
levels maintained even after controlling for age, sex and
BMI (F=25.886, hy>=0.282, p<0.001) (Table 2, Figure 1).

In regard to gender, when comparing female to men
levels of zonulin in the patient groups, significant
difference determined. The mean zonulin level was
higher in women than men in OCD patients (191+34.3
versus 110.7+£57.5; in female and men, respectively;
p<0.001).

Spearman correlation analysis showed that changes
in zonulin or claudin-5 did not correlate with any of
the parameters detected (p>0.05). There were no corre-
lations between Y-BOCS scores and zonulin or clau-
din-5 levels in the patient groups (p>0.05). In addition,
zonulin or claudin-5 levels were not correlated to the
duration of illness, and age (p>0.05).

DISCUSSION

The findings of this study clearly show that the
mean serum claudin-5 level was significantly higher
without a significant difference between age, sex, and
BMI, whereas serum zonulin level was not different
from the control group in OCD patients. The finding
that we found increased claudin-5 levels in OCD
broadens our understanding of the pathogenesis of
OCD. There was no research in OCD assessing its
association with zonulin or claudin-5.

Claudine proteins are a significant component in
tight junctions that play a key role in the reactions in
BBB to altering natural, physiological and pathologi-
cal circumstances. The vital importance of claudin-5
was demonstrated by the experiment on mice (Braniste
et al. 2014). In one study, claudin-5 knockout mice
were found to have increased permeability of molecu-
les that would damage the central nervous system of
less than 800 daltons by impairing the BBB perme-
ability. Also, claudin-5 knockout mice had died within
10 hours of birth (Nitta et al. 2003). Studies have
shown the relationship between claudin-5 dysfunction
and some diseases such as intracranial hemorrhage
(Jiao et al. 2015), multipl sclerosis (Mandel et al.
2012), migraine (Yiicel et al. 2016) and epilepsy
(Rempe et al. 2018). In addition, there are some stu-
dies examining the relationship between claudin and
psychiatric disorders. In one of these studies, Fioren-
tino et al. found that claudin-5 protein levels in cortex
and cerebellum were increased compared to schizo-
phrenia and healthy controls in individuals with
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postmortem autism. (Fiorentino et al. 2016). In another
postmortem study by Nishiura et al. (2017) found that
decreased claudin-5 protein level in frontal cortex in
schizophrenia. In addition to these studies, we found
high serum levels of claudin-5 in our study. Also, there
was no correlation between disease symptom severity
and claudin-5 level. We suppose that this result may
cause a deterioration in the permeability of BBB and
may lead to a new perspective on the pathogenesis of
OCD. To our knowledge, this is the first study to
investigate the circulating claudin-5 levels in OCD
patients. Despite these contradictory results, it is
difficult to draw conclusive conclusions about the role
of claudin-5 in the pathogenesis of OCD.

In especially, zonulin emerges as a significant
mediator of enhanced intestinal permeability in hu-
mans. Under the impact of environmental stimuli,
zonulin is generated by human small intestinal epithe-
lium (Fasano 2011). In addition to its effect on the
intestine, zonulin also regulates the permeability BBB
(Barber et al. 2019). In some psychiatric disorders
such as ADHD (Aydogan Avsar et al. 2020, Ozyurt et
al. 2018), ASD (Esnafoglu et al. 2017), schizophrenia
(Barber et al. 2019, Usta et al. 2020), and depression
(Stevens et al. 2018), zonulin levels have been studied,
but to our knowledge, OCD has not been studied.
Esnafoglu et al. (2017) reported that serum zonulin
levels were significantly higher compared with the
healthy controls. Barber et al. (2019) found that serum
zonulin level was higher than serum cut off value in 98
schizophrenia patients. Moreover, the connection
between zonulin concentrations and suicide behavior
has lately been proved (Ohlsson et al. 2019). Our study
results did not reveal a significant difference in serum
zonulin levels between OCD patients and healthy
control. In addition, there was no correlation between
disease symptom severity and zonulin level in our
study. Diet has a significant role to play in controlling
gut permeability. Because nutritional factors have not
been assessed as this study's restriction, we presume
zonulin concentrations may be influenced.

With some constraints, the results observed in this
research should be assessed. First, as the sample size
was comparatively small, we cannot unable to gene-
ralize the results to all OCD patients. At this stage,
however, we should stress the power of the research
that included patients with OCD without any comor-
bidity. Second, we only examined zonulin and claudin-
5, associated parameters could be evaluated. Third, our
sample does not consist only of drug-naive OCD pa-
tients, all of patients had been using medication. How-
ever, various studies have shown that administration of
antipsychotic drugs is associated with an increase in
claudin-5 levels (Greene et al. 2018). Drug use may
have affected biochemical parameters results. In
addition, the diet and weight patterns of patients and
controls were not the same. This is a limitation of our
study, as weight and diet may affect the BBB.
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CONCLUSION

In conclusion, the current research indicates that

claudin-5 is enhanced in OCD patients and this finding
may contribute to the role of BBB in the pathogenesis of
OCD.
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