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Objective: Many researchers have considered obsessive compulsive disorder (OCD) to be a neurodegenerative disease just like
Alzheimer’s disease (AD). The most studied gene in neurodegenerative diseases is apolipoprotein E (ApoE) gene, and ApoE €4 allele
in particular. Although a small number of studies have explored the relationship between ApoE gene polymorphisms and OCD, the
link between age at onset of OCD, its subtypes and ApoE gene polymorphisms has not been revealed so far. For this purpose, in our
study, the relationship of ApoE gene polymorphisms with age at onset of OCD and its subtypes has been investigated to reveal their
neurodegenerative connections.

Patients and Methods: ApoE gene polymorphisms of 64 OCD and 28 healthy cases were studied using a LightCycler480 real-time
PCR platform.

Results: A statistically significant difference was found between groups of patients with early- and late-onset OCD in terms of age (p
= 0.03), educational level (p = 0.00) and marital status (p = 0.002). ApoE e4e4 genotype, the prevalence of which is below 2% in
healthy individuals, was not detected in our control groups; however, it was identified in 5.1% of our OCD cases. Correlation analysis
revealed the presence of a potentially significant link between the hoarding obsession and presence of the e4e4 genotype. A significant
correlation was detected between the presence of the €3¢e3 allele, the symmetry obsession and associated ordering compulsion in
patients with OCD (p<0.005).

Conclusion: The ApoE gene polymorphism profile and age of onset in OCD patients may play critical roles in the development
process of neurodegenerative characteristics of the disease. The small number of cases and the inability to perform brain imaging in
patients to detect the neurodegenerative link in OCD are limitations of our study. In this respect, we suggest conduction of further
studies with a greater number of patients who will also undergo brain imaging studies. In addition, OCD patients have other genes
associated with neurodegenerative diseases that can be screened.
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Introduction

Obsessive compulsive disorder (OCD) is a debilitating disease characterized by repetitive, intrusive and unwanted
thoughts, impulses, and images, often associated with recurrent, time-consuming and frequently ritualized compulsive
behaviour.! Many studies have shown that OCD is a frontal lobe/basal ganglia disorder that shares links with
neurodegenerative disorders such as malfunctioning of cortico—striato—thalamo—cortical circuitry, autism, schizophrenia,
Tourette syndrome, and frontal lobe dementia.>* In addition, neuropsychological findings in cognitive impairments
related to spatial working memory, spatial recognition, and motor initiation and execution have been observed in OCD,
and also in some other neurodegenerative diseases such as Alzheimer’s disease (AD).>® In our previous study, obsessive-
compulsive symptoms had been observed in AD, which suggested that pre-existing obsessive-compulsive symptoms may
predispose individuals to developing dementia in later life in the case of true memory deficit.'® Some researchers have
suggested that OCD may be a new risk factor for AD, considering that glutamatergic dysfunction may be a common
pathophysiology shared by OCD and AD."
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Apolipoprotein E (ApoE), the most common brain lipoprotein, is expressed in the brain in three major isoforms
(ApoE €2, ApoE €3 and ApoE &4).'” The ApoE gene has been studied comprehensively in neurodegenerative and some
psychiatric disorders.'*'* The ApoE isoform-specific effect is hypothesized to contribute to the pathogenesis of AD by
impairing synaptic activity on ApoE receptor-2 and via NMDA/AMPA receptor trafficking. In contrast, neuronal
maturation in ApoE &4 knock-in mice is impaired due to the reduced survival and suppressed function of GABAergic
interneurons in the hilum of the hippocampus and the potential of a GABAA receptor to rescue the ApoEe4-related
reduction in hippocampal neurogenesis. Thus, ApoE contributes to adult hippocampal neurogenesis, and ApoE &4
impairs GABAergic input to neonatal neurons, resulting in decreased neurogenesis.'*

A limited number of studies in the literature have investigated the relationship between OCD, which is thought to be
a neurodegenerative disease, and the ApoE gene, which is widely studied in neurodegenerative diseases. Therefore, in
this study, the relationship of ApoE gene polymorphisms with age at onset of OCD and subtypes of the disease was
investigated in order to reveal the neurodegenerative/AD link in OCD. ApoE gene polymorphism profile and age at onset
of OCD may play a critical role in the development of the neurodegenerative manifestations of the disease.

Patients and Methods

Ethics and Participants

This study has been approved by the Institutional Non-Interventional Ethics Committee (2018/1447) in accordance with
the Declaration of Helsinki — Ethical Principles for Medical Research Involving Human Subjects. An informed consent
form was obtained from all participants prior to initiation of the study.

A total of 64 patients who applied to the Aydin State Hospital Psychiatry Outpatient Clinic and were diagnosed with
OCD were included in the study. Five OCD patients who could not be genotyped were not included in the study, and the
study was continued with 48 female and 11 male OCD cases. Patients received the diagnosis of OCD based on the
Structured Clinical Interviews for Axis I Disorders (SCID) criteria of the Diagnostic and Statistical Manual of Mental
Disorders.">'® The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) was used to determine the severity of OCD
symptoms.'” OCD types were defined using the Y-BOCS symptom checklist. The Hamilton Depression Rating Scale
(HDRS) and Hamilton Anxiety Rating Scale (HARS) were applied to all cases. The cases were divided into two groups
based on age at onset of OCD. Cases with onset of OCD at 15 years or younger (n = 28) were considered to have early-
onset OCD, and patients who had developed OCD after the age of 15 years (n = 31) were considered to have late-onset
OCD. The control group contained 28 healthy people with no psychiatric or neurodegenerative diseases, who were
matched with OCD cases as much as possible in terms of age and gender. Patients with psychotic disorders, autism
spectrum disorders, other anxiety disorders, bipolar disorder, mental retardation, any organic mental disorder, and with
a history of smoking and substance use were excluded from the study.

Genotyping

DNA was isolated from participants’ peripheral blood samples using a QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany) in accordance with the instructions of the manufacturing company. Using isolated DNA samples, two
mutations defined in codon 112 and codon 158 in the ApoE gene were studied. ApoE gene genotyping was performed
using a LightMix Kit ApoE C112R R158C kit in accordance with the recommendations of the manufacturing company.
A 228 bp fragment of the human ApoE gene was amplified using Real-Time PCR (Roche LightCycler480 I Instrument).
Probe 519 (APOE C112R, channel 530), a Simple Probe®, and hybridization probes (APOE R158C, channel 640)
labelled with Light Cycler Red 640 were used during the analysis.

Statistical Analyses

Mean, standard deviation, median and percentage values were used for descriptive statistics. Statistical analyses were
performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). The chi-square test was used for categorical variables
and the student’s s-test was used to compare independent data. Results were considered statistically significant at p<0.05.
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Results

Sociodemographic and Clinical Features
In the one-to-one comparisons between early- and late-onset OCD patient groups and healthy controls we observed that
those in the early-onset OCD group (n=28) were younger than both those in the late-onset OCD group (n = 31) and
healthy controls (n=28); those in the control group were more highly educated (Table 1). In addition, the late-onset OCD
group contained a greater number of female and unmarried participants when compared to the other groups.
A significantly greater number of patients in the OCD group had suffered from depression compared to the healthy
control group (p = 0.00).

The average ages at onset of those classified as early- and late-onset OCD were 12.8 and 28.7 years, respectively. No
patients in the OCD groups were using medication during their blood-letting periods; some were newly diagnosed, while
others had received a diagnosis of OCD in the past but had discontinued their drug therapies.

Table 1 Comparative Analysis of Groups in Terms of Demographic and Clinical Characteristics

OoCD Control (n=28) Statistics
Early-onset (n=28) | Late-onset (n=31)
Mean 2sD Mean 2sD Mean 2SD | "F-Score | <df | p-Value
Age (years) 27.50 11.02 36.90 12.09 35.96 8.18 6.219 2 0.003
Education (years) 10.92 3.24 9.42 4.60 3.01 13.76 9.11 2 0.000
9HDRS 18.17 9.56 15.84 7.94 2.63 3.22 3433 2 <0.0001
°HARS 21.40 11.53 17.91 8.97 2.14 2.47 38.71 2 <0.0001
-BOCS Total 23.38 6.68 21.70 7.02 0.0 - 5.57 2 0.007
Y-BOCS Obsession 12.90 3.44 10.75 3.51 0.0 - 7.70 2 0.001
Y-BOCS Compulsion 11.47 3.60 10.95 3.56 0.0 - 4.89 2 0.012
OoCD Control (n=28) Statistics

Early-onset (n=28) | Late-onset (n=31)

n % n % n % bdf P gX2

Gender Female 20 714 28 90.3 18 64.3 2 0.05 5.89
Male 8 28.6 3 9.7 10 35.7

Marital status Single 7 25.0 23 742 21 75.0 6 0.002 20.87
Married 19 67.9 7 22,6 6 21.4
Divorced | 3.8 0 0 | 3.6

Widowed | 3.8 | 32 0 0

Depression history | Absent 5 294 3 16.7 27 96.4 2 0.000 34.67
Present 12 70.6 15 83.3 | 3.6

Tic history Present 9 375 0 0.0 0 0 | 0.001 11.07
Absent 15 62.5 24 100 28 100

Abbreviations: *SD, standard deviation; °F-score, the ratio of two sample variances; “df, degrees of freedom; “HDRS, Hamilton Depression Rating Scale;
°HARS, Hamilton Anxiety Rating Scale; Y.BOCS, Yale-Brown Obsessive Compulsive Scale; 8X2, chi-square test.
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Table 2 Distribution Characteristics of ApoE Gene Polymorphisms in Study Group

Genotypes oCcDh oCDh Control Statistics
Early-onset Late-onset Total

n=28 | % | n=3I % | n=59 | % | n=28| % adf p bXx2
£3¢3 24 45.5 20 545 44 74.6 18 64.3 2 0.12 | 421
€2e3 2 25 6 75 8 13.5 6 214 2 024 | 249
£3¢e4 | 25 3 75 4 6.8 4 14.3 2 0.37 1.93
e4e4 | 333 2 66.7 3 5.1 0 0 2 0.39 1.84
£2¢4 0 0 0 0 0 0 0 0 - - -
£2¢2 0 0 0 0 0 0 0 0 - - -

Abbreviations: *df, degrees of freedom; bXZ' Chi-square test.

There was no statistically significant difference in terms of symptomatology between obsession and compulsion
subtypes of OCD, and also regarding Y-BOCS total and sub-scores, HARS and HDRS scores between early- and late-
onset OCD (p>0.05). Only hoarding obsessions tended to be more frequent in the group with early-onset OCD. In the
early-onset OCD group, cleaning, symmetry, and control rituals were more frequently observed while, in the late-onset
OCD group, obsessive cleaning disorder was more often encountered.

Genetic Assessments

No statistically significant relationship could be identified in terms of ApoE genotypes between the early- and late-onset
OCD groups compared to the control group (p>0.05). However, the ApoEe4e4 genotype, which is associated with AD
disease and observed at a rate below 2% in the population at large, was not detected in healthy controls, but was detected
in 5.1% of our cases with OCD. ApoE e4e4, €3¢e3 €2¢e3, and €3e4 genotype frequencies differed in the early- and late-
onset OCD groups and also in the control group; the €2e4 and €22 genotypes were not detected in any of the groups
(Table 2).

ApoE genotypes/alleles were evaluated in terms of age, gender, marital status, Y-BOCS total and sub-scores,
depression and anxiety scores, and no statistically significant difference was found between different types of OCD
(p>0.05). The results of our correlation analysis suggest the presence of a potentially significant relationship between
hoarding obsessions and the presence of the e4e4 genotype (p<0.005). A significant correlation was found between the
presence of the €3e3 genotype in OCD patients with symmetry obsession and related ordering compulsions (p<0.005)
(Table 3).

Discussion
With this study, a first in the medical literature, we aimed to investigate the relationship between ApoE gene
polymorphisms, age at onset and subtypes of OCD so as to demonstrate the neurodegenerative link in OCD.

Although complaints of forgetfulness are common in OCD, many studies have revealed impairments in cognitive and
executive functions, suggesting the presence of a neurodegenerative process in OCD.'” Many neuropsychological and
imaging studies have showed the poor and slack performance of OCD patients on executive function tasks.'®'* However,
few studies have been performed on early- and late-onset OCD. Contrary to expectations, in the study of Segalas et al,
tests evaluating executive functioning, visual memory, and verbal memory in late-onset OCD yielded worse results when
compared with those of early-onset OCD.? In our study, carried out in 2015, obsessive characteristics were significantly
more frequently observed in patients with a history of AD when compared with the healthy group.'® A case report
demonstrated that the emergence of advanced cognitive impairment in a treatment-refractory late-onset OCD patient may
result from an interaction between nonspecific effects of a neurodegenerative process.4
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Table 3 Distribution Characteristics of ApoE Gene Polymorphisms in Obssession/Compulsion

£3¢4 Statistics ed4e4 Statistics £3e3 Statistics £2e3 Statistics

n % 2df P bXx2 % | df P bx2 n % | °df P bXx2 % 2df P bXx2
Obsession Aggression 0 0 | 1.000 | 0.702 50 | 0.263 | 2222 5 1.6 | 0.391 | 0.841 25 | 0311 | 0.927
Contamination 3 75 | 1.000 | 0.020 50 | 0486 | 0494 | 32 | 744 | 0.505 | 0.537 62.5 | 0.673 | 0.410
Symmetry 0 0 | 0.140 | 2910 0 | 0510 | 1402 | 22 | 51.2 | 0.004 | 8.503 12.5 | 0.125 | 2.999
Hoarding 0 0 | 1.000 | 0915 50 | 0.323 | 1.509 6 14 | 0.240 | 1.560 375 | 0.137 | 2.562
Sexual 0 0 | 1.000 | 0.156 0 | 1.000 | 0.075 0 0 | 1.000 | 0.675 0 | 1.000 | 0.338
Religious | 25 | 0.464 | 0.429 0 [ 1.000 | 0.338 6 14 [ 1.000 | 0.001 12.5 | 1.000 | 0.018
Somatic | 333 | 0.199 | 3.361 0 [ 1.000 | O.I15 [ 2.3 | 0.146 3.03 12.5 | 0.370 | 0.977
Miscellaneous 3 75 | 0.617 | 0.737 0 | 0.204 | 2471 22 | 512 | 0.539 | 0.733 75 I 0.269 | 1.594
Control 3 75 | 0.322 | 1.497 0 | 0495 | 1.738 | 20 | 46.5 I 1.000 | 0.057 375 | 0.715 | 0.247
Compulsion Cleaning 2 50 | 0.575 | 0.837 50 I 0511 | 0403 | 32 | 744 I 0.314 | 1.506 62.5 | 0.684 | 0.262
Ritualistic 0 0 I 1.000 | 0.156 0 I 1.000 | 0.075 2 4.7 | 1.000 | 0.675 0 | 1.000 | 0.338
Counting 0 0 | 1.000 | 0.807 50 | 0.293 | 1.824 8 18.6 | 0.427 | 1.044 0 | 0.332 | 1.745
Ordering 0 0 | 0.140 | 2910 0 | 0510 | 1.402 | 22 | 51.2 | 0.004 | 8.503 12.5 | 0.125 | 2.999
Hoarding 0 0 | 1.000 | 0915 50 | 0.323 | 1.509 6 14 | 0.240 | 1.560 375 I 0.137 | 2.562
Miscellaneous 0 0 | 1.000 | 0.441 0 | 1.000 | 0.441 7 16.3 | 0.694 | 0.194 375 | 0.137 | 2.562

Control - - - - - - - - - - - - - - - - - -

Abbreviations: *df, degrees of freedom; bXZ, chi-square test.
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Although there are conflicting reports concerning the relationships between ApoE gene polymorphisms (except for
the e4e4 genotype) and AD, the ApoE e4e4 genotype has been counted as a risk factor for AD and other forms of
dementia. The above-mentioned information and research led us to investigate the distribution of the ApoE genotype in
OCD patients in order to determine its neurodegenerative link with OCD."°

In the literature, few studies have examined the relationship between ApoE gene polymorphisms and OCD. In the
study of Nicolini et al (2001), a significant difference was detected when ApoE gene polymorphisms in OCD were
compared with those observed in population control groups among OCD probands.'* However, the ApoEe4e4 genotype
was detected at a higher rate in the cognitively impaired group when compared with normal controls and OCD patients.
Khiari et al (2011) detected the €3e3 genotype in family members of patients with a history of OCD and correlated it with
late-onset AD.’ In our study, in contrast to that of Nicolini et al, no statistically significant relationship could be detected
in pairwise comparisons between early- and late-onset OCD and the control group regarding the ApoE genotype.
However, based on the fact that the presence of the e4e4 genotype in control groups has been reported as below 2%

. . 21,22
in the literature,”

and our higher (< twofold) detection rate of this genotype in OCD cases relative to the control group
in our study, the e4e4 genotype will be considered as a risk factor for OCD, suggesting the presence of a possible link
between OCD and AD.

Pievanin et al (2013), revealed the presence of a relationship between strial atrophy and ApoE genotypes in early- and
late-onset AD. It has been detected that the dorsal striatum is more severely affected in early-onset AD compared with
late-onset AD. The ventral striatum is associated with limbic and behavioural symptoms, and its dorsal part is more
closely linked to motor functions. It has been suggested that the ApoE genotype has an effect on strial and clinical
variables in patients with early- and late-onset AD.** Accordingly, in our study, when the relationship between OCD
symptomatology and ApoE gene polymorphisms was examined, a significant relationship was detected between the
ApoE e3e3 genotype and symptomatology in OCD patients with symmetry obsessions and an ordering compulsion.
A potentially significant relationship has been detected between hoarding obsessions and the e4e4 genotype.

In the literature, a significant discrepancy has been detected in the results of tests examining the cognitive functions of
OCD patients with symmetry obsessions compared to other types of obsession. Greatly impaired visuospatial working
memory has been detected in patients with a severe symmetry obsession. In some other studies the responses of those
with a symmetry obsession have shown their progressively worsening condition. The problems in visual memory and
visuospatial ability have been shown in studies on motor slowing.>*? Jalal et al (2010)*° compared OCD symptomatol-
ogy with non-verbal memory and organizational strategies, and observed that the group with symmetry/ordering and
checking obsessions were following a significantly and progressively worsening disease course. In this study, it has been
agreed that the disruption between checking obsessions and non-verbal memory is related to anxiety rather than
symmetry obsession. We examined symptoms related to aggression, order, contamination, hoarding, and sexual and
religious dimensions. In this very different OCD model, hoarding and symmetry obsessions were found to be associated
with early-onset OCD, and eating and addictive disorders were observed more frequently in patients with symmetry and
ordering symptoms. In OCD patients with symmetry/ordering symptoms, a decrease in the volumes of the right
precentral gyrus and hippocampus was observed.”> In those with symmetry obsession, detection of the e3e3 genotype
probably suggests the presence of a common brain involvement related to AD, which may be genetically responsible for
these pathologic alterations.” In our study, similar to the literature, patients with the ApoE gene polymorphisms (e3e3 and
ede4) found in those with OCD displayed symmetry, ordering and hoarding symptoms. Impaired cognitive functions in
some of the OCD patients can be explained by polymorphisms in this gene. Our study suggests that the ApoE e3e3 allele
may be genetically related to non-verbal memory problems in OCD.

Limitations

The small number of cases and inability to perform brain imaging in patients to detect neurodegenerative links in OCD
are limitations of our study. In this respect, we suggest conduction of further studies with a greater number of patients
who will also undergo brain imaging studies. In addition, OCD patients have other genes associated with neurodegen-
erative diseases that can be screened.
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Conclusion

Since OCD represents a very heterogeneous group of diseases, detection of the genetic relationships and genes
responsible for the onset of symptomatic disease and, accordingly development of treatment strategies for disease-
specific phenotypes can be more effective ways of both understanding the etiologic factors in OCD and disclosing its
neurodegenerative/AD link. This study is the first in the literature to investigate the relationship between ApoE gene
polymorphisms, age at onset and subtypes of OCD so as to demonstrate the neurodegenerative/AD link in OCD. Based
on the results of this and similar studies, a new marker can be created by considering ApoE gene polymorphisms in order
to define a patient carrying a high risk of developing OCD. In addition, neurodegenerative impairment in OCD subtypes
may play a decisive role in the prognosis of these patients.
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