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Abstract
Autism spectrum disorder (ASD) is a common neurodevelopmental disorder characterized by limitations
in mutual communication and social interaction as well as restricted, repetitive patterns of behaviors,
interests, or activities. A number of biological abnormalities have been reported in ASD. Therefore the
possible role of biological abnormalities in etiopathogenesis arouses research interest in this area. This is
a case-control design study evaluating epithelial barrier function by comparing serum concentrations of
occludin and zonulin in children with ASD (n = 60) and controls (n = 30). The Childhood Autism Rating
Scale (CARS) was used to evaluate autistic symptom levels of all children. Serum occludin and zonulin
levels were analyzed using an enzyme-linked immunosorbent assay. Serum occludin was signi�cantly
lower in children with ASD than in control subjects. In children with ASD, a decrease in occludin level was
signi�cantly associated with the disorder symptom levels item mean score (CARS total scores). Our
�ndings showed that children with ASD had alterations in epithelial barrier function compared to the
control group. The investigation of the mechanism underlying the different levels of occludin between
ASD and controls may be of importance in clarifying the etiopathogenesis of ASD, as well as its follow-up
and treatment.

Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by limitations in mutual
communication and social interaction as well as restricted, repetitive patterns of behaviors, interests, or
activities [1]. ASD prevalence has been reported to have increased and affecting approximately 2% of
children [2]. Despite the increasing number of studies investigating this disorder, which negatively affects
a signi�cant part of the society [3], its etiopathogenesis remains uncertain and there is no satisfactory
effective treatment. In addition, there is no biomarker for scanning, diagnosis, evaluation of the response
to treatment, and/or follow-up of the disorder such as blood test, radiological scan. Therefore, studies to
elucidate the biomarker of ASD have been increasing in recent years and many research areas have
revealed abnormal biological processes associated with ASD [4]. Some previous studies have suggested
that epithelial barrier dysfunction such as gut barrier may be a pathophysiological mechanism of ASD [5-
9]

An imbalance in gut barrier integrity may trigger an immune reaction and may be associated with some
diseases such as intestinal in�ammation diseases, rheumatoid arthritis, and MS [10, 11]. Also, increasing
numbers of studies indicate a possible link between ASD and disturbed gut barrier integrity [7-9]. In
individuals with ASD, lactulose/mannitol ratio tests of gut permeability have shown increased gut
permeability compared with healthy controls [7]. However, the mechanism of increased gut permeability
in individuals with ASD has not been fully elucidated. Increasing evidence from many studies suggests
that occludin [12, 13]  and zonulin   [14, 15] may be biomarkers of epithelial barrier permeability. 

Occludin is an important tight junction (TJ) protein known to be associated with epithelial
permeability [16]. Occludin contributes to the stability and integrity of TJs, thus regulating and restricting
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the paracellular transport pathway [17]. Occludin mutant or knockout animals exhibited chronic
in�ammation and a defective epithelial barrier despite having morphologically intact TJs; this
demonstrated that it plays a critical role in maintaining barrier stability rather than TJ assembly [18,
19]. In a review of recent literature, there has been no study that evaluates serum occludin in ASD. When
we looked at the studies on occludin, in a study that aimed to identify the biomarkers to track the active
period in MS, serum levels of occludin and zonulin were found to increase during the active period of the
disease, and it was emphasized that these �ndings supported the leaky gut hypothesis [16]. On the other
hand, in in�ammatory bowel disease studies, it has been reported that the expression of occludin
decreases and this is related to gut permeability [12, 13].

Zonulin, a protein produced by small intestine epithelium, is known to induce TJ disassembly between
enterocytes and then increase gut permeability [14]. Besides its effect on the gut, zonulin also regulates
the blood-brain barrier (BBB) permeability[20] Therefore, it is being investigated as to whether it can be
used as a biomarker of epithelial barrier permeability. Zonulin levels have been found to be high in
obesity [21], Type 1 and 2 diabetes [22, 23], multiple sclerosis (MS) [16]. Also, zonulin has been studied in
various psychiatric disorders such as schizophrenia [20, 24], attention-de�cit hyperactivity disorder [25,
26], obsessive-compulsive disorders [27], and ASD [28, 29]. The results of previous clinical studies on
zonulin levels in psychiatric disorders are inconsistent. Some studies have found that patients have
higher levels of zonulin compared to controls [28, 30, 25, 20]; other studies have found no difference
between the two groups [29, 27]. 

These contradictory results suggest that more research is needed on occludin and zonulin. Therefore,
based on previous studies suggesting that the epithelial barrier permeability of occludin and zonulin may
be biomarkers, we aimed to evaluate epithelial barrier function by comparing the serum concentrations of
occludin and zonulin in children with ASD and control groups. To the best of our knowledge, there has
been no study in the current literature that evaluates serum occludin and zonulin levels together in ASD.
We assumed that increased levels of occludin and zonulin could happen in ASD, and the severity of the
ASD could be related to occludin and zonulin levels. Since zonulin is a regulator of the TJ proteins, we
assumed that the levels of occludin and zonulin would correlate positively with each other. Then, we
discussed further the possible causes of changes in the levels of these biomarkers.

Materials And Methods
Participants

This study was conducted at the …’our institution’, Department of Child and Adolescent Psychiatry and
Department of Pediatrics between March and December 2018. The diagnosis of ASD was made through
clinical psychiatric evaluations by a child and adolescent psychiatrist based on the the semi-structured
psychiatric interview form of the Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version (K-SADS-PL) / DSM-5 5th Edition (DSM-5). Of the children aged
between 30-96 months  who were diagnosed as having ASD, only those whose parents had agreed to
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participate in the study were included. Children newly diagnosed as having ASD and children with known
ASD under follow up were divided into two groups. In order to control for confounding variables, children
who took medicine, those diagnosed as having a GI disease (e.g. Crohn's disease, ulcerative colitis),
chronic disease (e.g. diabetes mellitus, hypertension, epilepsy, cerebral palsy), and children with
infections or obesity were excluded from the study. All parents in the study volunteered to participate at
no cost. All children with ASD who met the inclusion criteria were invited to join the study. There were no
parents who refused to participate in the study. A total of 90 children, consisting of 60 children with ASD
and 30 controls, were included in this study. Among 72 with the provisional diagnosis of ASD, six children
with ASD were excluded because of the diagnosis of epilepsy, four children with ASD due to an
accompanying severe medical disease, and two children with ASD did not meet the DSM-5 diagnostic
criteria of ASD.

For the control group, children admitted to …‘our institution’, Department of Pediatrics outpatient clinics in
aged between 30-96 months , whose laboratory tests (hemogram, sedimentation, C-reactive protein) and
examinations were normal, who were not on medication, who had no chronic disease (e.g. diabetes
mellitus, hypertension, epilepsy, cerebral palsy), no infectious disease, GI disease or obesity were referred
to ..‘our institution’ Department of Child and Adolescent Psychiatry. Children without any psychiatric
disease, according to the semi-structured psychiatric interview form of the K-SADS-PL / DSM-5 were
included in the study. Written consents were obtained from the parents of all children included in the
study. The Sociodemographic Data Form and the Turkish version of the Childhood Autism Rating Scale
(CARS) were completed during the clinical psychiatric evaluation by the child and adolescent psychiatrist.
Among 46 children who parents volunteered to participate in the control group, sixteen were excluded
because of a psychiatric disorder diagnosed through a semi-structured clinical interview (K-SADS-PL /
DSM-5). The evaluation of each participant took about 2 hours.

Instruments

Sociodemographic and clinical information form

The sociodemographic form included age, sex, birth history, developmental history, medical history,
family history, educational status, and medications used.

Childhood Autism Rating Scale (CARS)

CARS, a semi‐structured assessment tool, composed of 15 items. It is rated by physicians according to
the information obtained from child observations and family interviews [31]. A reliability and validity
study of CARS for the our population was conducted by‘ …’

Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version
(K-SADS-PL / DSM-5). 

The K-SADS-PL is a semi-structured clinical interview used for determining the present and lifetime
psychopathologies of children and adolescent (Kaufman et al., 2016). A reliability and validity study of K-
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SADS-PL for the our  population was conducted by  ‘ …’

Serum samples

Serum samples were obtained between 08:30 and 11:00 AM. Samples were stored at −80°C until the
study. Serum occludin and zonulin levels were measured using the sandwich-enzyme-linked
immunosorbent assay method (Human Zonulin ELISA Kit, Catalogue No: E-EL-H5560, USA) (Human
occludin ELISA Kit, Catalogue No: E-EL-H1073, USA). Results are given in ng/mL.

Statistical Analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) 15.0
for Windows software (SPSS Inc., Chicago, Illinois). The normality of the data was assessed using the
Kolmogorov-Smirnov test and Skewness and Kurtosis statistics. For parametric data in the evaluation of
the data; Student’s t-test, ANOVA (for variance analysis), Pearson’s correlation test (for the relationship of
data) were applied. For nonparametric data; Mann Whitney U test and Spearman’s correlation test (for the
relationship of data) were used. The Chi-square (c2) test was used for categorical variable. P values were
expected to be less than 0.05 for statistical signi�cance in all analyses.

Results
A total of 90 children aged between 30-96 months, consisting of 60 children with ASD and 30 controls,
were included in this study. There were no signi�cant differences between the two groups in terms of age,
sex, and socioeconomic level. Sociodemographic data and clinical characteristics are presented in Table
1. Serum occludin levels were found to be statistically signi�cantly lower in children with ASD (0.83 ±
0.94) (p<0.001). There was no statistically signi�cant difference in serum zonulin levels (Table 1).

The serum occludin and zonulin levels of the children with newly diagnosed ASD and the children
followed up with ASD were compared with the control group. Accordingly, serum occludin levels were
statistically lower both in children with new diagnoses (0.75 ± 0.81) (p<0.001) and children with
previously diagnosed ASD (0.80 ± 0.96) (p<0.001). There was no statistically signi�cant difference
between the three groups in terms of serum zonulin levels (Table 2). Furthermore, it was investigated
whether there was a difference in terms of occludin and zonulin levels between males  (Table 3) and
females (Table 4) with ASD group and the control group. Statistical analyzes were found to be similar to
analyzes with all children with ASD group and the control group.

The correlation between serum occludin and zonulin levels and the CARS total scores of the children in all
groups was evaluated. There was no statistically signi�cant correlation between serum zonulin and
occludin levels. A statistically signi�cant negative and moderate correlation was found between serum
occludin levels and CARS scores (p<0.001). There was no statistically signi�cant correlation between
serum zonulin levels and CARS scores (Table 5).
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The correlation between serum occludin and zonulin levels and the CARS total scores of the children with
ASD group was also evaluated. There was no statistically signi�cant correlation between serum zonulin
and occludin levels (r = 0.063, p >0.05) . There was no statistically signi�cant correlation between serum
occludin and zonulin levels and CARS total score (r = 0.033, r = -0.161 respectively). 

Discussion
In this study, serum levels of occludin, which is a paracellular TJ protein, and zonulin, which functions as
the regulator of the paracellular TJ proteins, were compared between children with ASD and control
children of similar age, sex, and socioeconomic level. According to our �ndings, the serum occludin levels
in children with ASD were lower than in the control group, but there was no signi�cant difference between
the groups in terms of serum zonulin levels. When the relationship of both markers to CARS scores was
evaluated, it was found that the CARS scores increased as the occludin levels decreased, but no
signi�cant relationship was found between zonulin and CARS scores.

Occludin, is part of the epithelial and endothelial junction complexes, and recent data suggest that
occludin regulates barrier functions of structures such as the gut and BBB [32]. In a review of recent
literature, no study investigating the relationship between occludin and ASD was found. When we looked
at the studies on occludin, in a study that aimed to identify the biomarkers to watch the active period in
MS, serum levels of occludin and zonulin were found to increase during the active period of the disease,
and it was emphasized that these �ndings supported the leaky gut hypothesis [16]. A study by Mankertz
et al. showed that proin�ammatory cytokines [tumor necrosis factor-alpha (TNF-α), interferon gamma
(IFN-γ)] down regulated occludin expression, and the authors suggested that increased proin�ammatory
cytokines in in�ammatory diseases might be an important mechanism in the increased paracellular TJ
permeability by mediating the reduction of occludin expression [33]. In two other studies, in which gut
barrier function was investigated in in�ammatory diseases of the intestines (Crohn's and ulcerative
colitis), it was stated that occludin expression decreased during the active period of the disease, unlike
other intracellular TJ proteins, and this might play a role in increased paracellular permeability [12, 13]. In
addition to these studies, in vivo and in vitro studies have shown that proin�ammatory cytokines also
disrupt TJs in the BBB [34, 35]. The results of all these studies appear to correlate with the fact that
in�ammatory processes disrupt TJ proteins, speci�cally reducing occludin expression. Moreover, in recent
years, emphasis has been increasing on the role of in�ammatory processes in ASD etiopathogenesis [36].
In fact, a recent meta-analysis concluded that the concentration of pro-in�ammatory cytokines [IFN-γ,
interleukin-1 (IL-1), IL-6, and TNF-α] in individuals diagnosed with ASD was higher than that of
controls [37]. Given these �ndings, although simultaneous proin�ammatory cytokines were not examined
in our study, it may be suggested that the low levels of occludin in children with ASD in our study may be
the result of increased in�ammation. However, this assumption needs to be supported by looking at the
simultaneous levels of proin�ammatory cytokine and occludin. In addition, the results of our study
should be investigated in more detail with gut biopsy samples, in vivo and in vitro studies in a larger
sample. 
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Another biomarker, zonulin has been suggested for use as a serologic marker for the evaluation of
epithelial barrier integrity. Zonulin is produced by enterocytes under the in�uence of environmental
stimuli [14], and mediates increased intestinal permeability through TJs [14, 15]. The results of previous
clinical studies on zonulin levels in ASD are inconsistent. There are studies reporting that serum zonulin
levels are higher in children with ASD compared with typically developing children [28, 30], as well as
studies that reported that they were not different [29]. In a recent study, in vitro IFN-, IL-17A or zonulin
exposure was found to increase the small intestine epithelial barrier and BBB permeability by changing
the localization of zonula occludens, claudine-5, and occludin, and it was stated that these �ndings might
help to explain the pathogenesis of neuro-in�ammatory diseases associated with disorders in the gut-
brain axis [34]. Given the studies reporting that intestinal permeability plays a role in ASD, it may be
considered that zonulin could contribute to the development of ASD through this mechanism. However,
there was no statistically signi�cant difference between the groups in terms of zonulin levels. This
�ndings suggest that the rates of construction and destruction of zonulin were similar to that of between
the ASD and control group.

Finally, since zonulin is a regulator of the TJ proteins, we assumed that the levels of occludin and zonulin
would correlate positively with each other. However, no correlation was found between occludin and
zonulin levels in our study. Based on our �ndings, we can infer that the difference in occludin levels was
independent of zonulin. We believe that occludin's involvement in both the gut barrier and the BBB may
mediate our understanding of the pathogenesis of ASD associated with the gut-brain axis. In addition,
clari�cation of the structure represented by occludin subtypes through genetic research will facilitate the
interpretation of these results.

Despite the inclusion of more participants with ASD than in previous studies, our study is still limited. The
main limitation of the study is it's cross-sectional rather than longitudinal design. This does not allow us
to �nd any cause-effect for our results. The absence of an examination of simultaneous proin�ammatory
cytokines, the absence of objective tests of intestinal permeability (lactulose/mannitol ratio tests), and
the absence of an examination of intestinal biopsy and epithelial barriers were among the other
limitations of our study. Further studies with larger sample sizes are required to reach stronger
conclusions. Despite all these limitations, our �ndings suggest that occludin may play a role in
in�uencing the gut-brain axis in children with ASD.

The serum levels of occludin and zonulin were detected in this study. Our �ndings have shown that there
are alterations of the occludin levels in children with ASD.  Further studies are needed to investigate the
role of occludin in in�uencing the gut-brain axis in children with ASD. Previous studies suggest that
biological abnormalities may be associated with ASD and these abnormalities may be important in
diagnosis, follow-up, and/or treatment as potential biomarkers. The investigation of the mechanism
underlying the different levels of occludin between ASD and controls may be of importance in clarifying
the etiopathogenesis of ASD, as well as its follow-up and treatment.
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Tables
 TABLE 1.  Sociodemographic and clinical characteristics of participants

 

TABLE 2. Occludin and zonulin levels of newly diagnosed with ASD, followed up with ASD and controls

  Newly diagnosed with
ASD (n=30)

Followed up with
ASD (n=30)

Control

(n=30)

Statistics p

Occludin
(ng/mL), Mean
(±SD)

0.75 ± 0.81 0.80 ± 0.96 2.30 ±
1.48

F =
26.810

0.00

Zonulin
(ng/mL), Mean
(±SD)

10.71 ± 16.06 8.46 ± 12.13 14.91 ±
25.03

F = 0.333 0.33
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                                                   ASD

       N/Mean    
    

      ( % / ±SD)

        Control

        N/Mean    
   

       ( % / ±SD)

             
Statistics

                    p  
    

 

Age (months)       53.40 ±
22.65

        60.60 ±
19.69

           t =
-1.482

 

         0.142

Sex 

Male

Female

       

       51 (85)

       9 (15)

 

        21 (70)

        9 (30)

 

           x2 =
2.813

 

         0.094

Mother’s age

 

       32.58
(5.39)

       32.70
(5.22)

           t =
0.265

 

            0.92

Mother’s education, years        8.51
(4.02)

        9.20 (4.36)            t = -0.94

 

            0.56

Father’s age        35.24
(5.39)

        37.16
(5.62)

           t =
-1.435

 

            0.15

Father’s education, years        10.02
(4.46)

        9.45 (3.92)            t =
2.731

 

         0.63

Age of starting to
walk (months)

       15.4 ± 5.8        14.5 ± 4.2            t = 0.97

 

         0.23

Age of starting to
speak, (months)

       22.3 ±
10.9

       25.3 ±11.3            t = -1.20

 

         0.78        

Occludin, (ng/mL)        0.83
(0.94)

       2.30 (1.48)           U =
267.000

 

        0.000

Zonulin (ng/mL)        8.96
(13.65)

       14.91
(25.03)

          U =
719.500

 

           0.24

ASD:  Autistic spectrum disorder, SD:  Standard deviation

ASD:   Autistic spectrum disorder, SD:  Standard deviation
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TABLE 3: Occludin and Zonulin levels of males with ASD and controls

  ASD

(n=51)

Control

(n=21)

Statistics p

Occludin (ng/mL), Mean (±SD) 0.82 ± 0.97 2.24 ± 1.40 U= 169,500

 

 

0.000

Zonulin (ng/mL), Mean (±SD) 9.82 ± 14.59 15.74 ± 27.91 U= 488,000 0.55

ASD:  Autistic spectrum disorder, SD:  Standard deviation

TABLE 4: Occludin and zonulin levels of females with ASD and controls

  ASD

(n=9)

Control

 (n=9)

Statistics p

Occludin (ng/mL), Mean (±SD) 0.84  ± 0.82 2.21  ± 1.67 U= 18.000

 

 

0.047

Zonulin (ng/mL), Mean (±SD) 4.09  ± 3.67 10.01 ±  13.49 U= 30.000 0.38

ASD:   Autistic spectrum disorder, SD:  Standard deviation

TABLE 5. Correlations of CARS total score with serum Occludin and zonulin levels among all participants

  Occludin Zonulin CARS

Occludin 1    

Zonulin .123 1  

CARS -.436** -.112 1

CARS:  Childhood Autism Rating Scale, **   p <0.001


