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ABSTRACT

Objective: Autism spectrum disorders (ASDs) is a heterogeneous neuropsychiatric disorder with
widespread abnormalities of social interaction and communication, showing severely restricted
interests and extreme repetitive behavior. The relationship between aggressive behavior,
insensitivity to pain, and ASDs could not be explained completely. Therefore, we aimed to
contribute to the etiology by examining the gene expressions of OPRL1, TACR1, and HTRIE in
patients with ASDs.

Methods: This study was held in the Genome and Stem Cell Research Center of Erciyes
University. In this present study, the expressions of OPRL1, TACR1, and HTRTE genes were
studied in 22 ASD patients and 14 healthy controls. Quantitative Real-time Polymerase Chain
Reaction (qRT-PCR) was used for gene expression studies.

Results: There was a statistically significant difference in terms of the expression of the three
genes, which we examined between the ASD patient and control groups. Positive and strong
correlations were obtained between the three gene expressions in the ASD group and this
finding was found to be statistically significant.

Conclusions: Considering all these findings, large-scale and new researches are needed for
revealing the roles of genes and their pathways which are related to aggression and
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insensitivity to pain in ASDs. Our results will lead to new research studies in this field.

Introduction

Autism spectrum disorders (ASDs) are manifested by
common social interaction and communication
abnormalities, a severe degree of limited interest, and
excessive repetitive behaviors [1,2]. It is observed four
times more commonly in boys than in girls [3]. Except
for these core symptoms, approximately 31% of ASD
patients will also have intellectual disability (ID) and
20-25% will have seizure disorder [4,5]. ASD etio-
pathogenesis remains largely unknown, including gen-
etic and environmental risk factors [6]. Genetic studies
can point out the genes and pathways that bridge the
gap between behavior and biology [7].

It is hypothesized that ASD is related to aggression,
but very little research has been done so far [8]. The
available limited data report correlations of autism
with aggression in intellectually disabled children [9].
So, aggression can be acceptable as a risk factor for
ASD cases with ID [10]. Insensitivity to pain has
been included as one of the diagnostic criteria in Diag-
nostic and Statistical Manual of Mental Disorders
(DSM-5) since May 2013 [11]. The prevalence of

insensitivity to pain is approximately 25-40% in ASD
[12]. ASD patients may react to stimulations from
one or more senses (taste, touch, hearing, sight, etc.)
excessively or may be unresponsive [11,12]. The
patients can be highly insensitive to pain or tolerant
to pain [13]. Both experimental and case studies
imply that there is insensitivity to pain in ASD cases
[13-17]. The pain assessment of individuals with
ASD is largely unexplained [18,19].

The three genes that are also expressed in whole
blood were selected for this pilot study. To the best of
our knowledge, these genes were not examined in
ASD patients in the current literature. OPRLI (opiate
receptor) gene is a G protein-dependent receptor and
it plays a role in a large number of brain activities,
especially in the regulation of instinctive and emotional
behaviors [20,21]. All of the opioid receptor subfamilies
have revealed exciting opportunities for mechanistic
insight into the molecular mechanisms underlying the
biology of nociception, reward, and higher cognitive
functions, as well as promises for progress in several
clinical areas such as pain management and mood
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[16]. TACRI (tachykinin receptor) belongs to the family
of tachykinin receptors. This gene encodes the receptor
of tachykinin P substance, referred to as neurokinin 1
(NK1) [22]. It has been shown in earlier studies that
the variants of TACRI are related to aggression and
chronic pain [20,22,23]. HTRIE (5-hydroxytryptamine
[serotonin] receptor 1 E) is a protein-encoding gene
connected to the G protein. HTRIE is a gene which
was studied in the groups with attention-deficit hyper-
activity disorder (ADHD), and was reported to be
related to aggressive behavior [24,25].

These clinical findings which have not yet been fully
explained are the objective of this research. In this pre-
liminary study, within the context of clinical symptoms
of aggression and insensitivity to pain, we aimed to
examine the OPRLI, TACRI, and HTRIE gene
expressions which were expressed in blood and also
to reveal their relationships to ASDs.

Methods
Subjects

Twenty-two children were selected from the patients
diagnosed with ASD after an evaluation according to
the DSM-5 criteria by two different psychiatrists at the
Erciyes University School of Medicine, Department of
Child Psychiatry. These patients were recruited from
the ones followed up with the diagnosis of ASD who
first presented in the outpatient clinics of Child Psychiatry
and Child Neurology, Erciyes University Medical Faculty,
with complaints of speech, social, and communication
delay. Taking into account the selected patients’ age and
gender, 14 healthy individuals without any chronic medi-
cal, psychiatric, and genetic conditions and not taking any
psychiatric or other medications, between the ages of 2
and 10 years, were enrolled as controls. The intellectual
profile of the ASD patients and healthy controls was
determined with the Wechsler Intelligence Scale for Chil-
dren-Revised (WISC-R) scale [26] and Ankara Develop-
mental Screening Inventory (ADSI) [27]. The patients
and control group were selected from the same location
and ethnic origin. The study was approved by the Ethics
Committee of Erciyes University. Written informed con-
sents were obtained from the parents of the patients. The
study was conducted in accordance with the guidelines of
the Helsinki Declaration. Information about the demo-
graphic and clinical characteristics of the patients was col-
lected using a socio-demographic form, which was
prepared by the researchers. Socio-demographic data
form, Childhood Autism Rating Scale (CARS), and
ADSI were used in this study.

Instruments

The socio-demographic data form was prepared in
order to obtain information about the patients’ first
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symptoms, prenatal and developmental characteristics,
any kind of treatment received (pharmacotherapy,
special training, etc.), and their current complaints.
In addition to the socio-demographic form, further
information regarding any medical treatments or gen-
etic disorders were asked and recorded by the
researchers.

Childhood Autism Rating Scale (CARS)

This scale consists of ratings in 15 different areas of
functioning significant for autism, which include relat-
ing to people; imitation; emotional response; body use;
object use; adaptation to change; visual response; lis-
tening response; taste, smell, and touch response and
use; fear or nervousness; verbal communication; non-
verbal communication; activity level; level and consist-
ency of intellectual response; and general impressions.
The child is rated on observed behavior by a 7-point
Likert-type scale ranging from 1 to 4, with intermediate
values between the units. The relationships of children
with other people and their body and object use, their
adaptation to change, their verbal and non-verbal com-
munication and imitation skills, as well as their sensory
properties, fears, and activity levels are evaluated and
scored by professionals. A score of “one point” is
defined as normal behavior, whereas “four points” is
described as abnormal and inappropriate behavior. In
CARS, scores of 38-60 points constitute an autistic
group showing severe symptoms, scores of 30-38
points constitute an autistic group showing mild to
moderate symptoms, while scores of 15-29 constitute
a group of non-autistic symptoms.

Ankara Developmental Screening Inventory

(ADSI)

ADSI is a widely used developmental screening test for
children under six years of age in Turkey. It was devel-
oped by Savasir and her colleagues in 1992, consisting a
total of 154 questions for the mother and the child. The
questions represent the different but related areas of
development. The ADSI yields four dimensional
scores: cognitive language score, fine motor score,
gross motor score, and social and self-help score. The
total of these four scores is the general developmental
score. The raw scores of general development are
then converted to standard T scores, which are com-
pared with the scores of children in the same-age nor-
mative groups.

Genetic studies

Two milliliter of blood was collected from all the par-
ticipants and these samples were taken before the
patients’ treatment. All of the genetic studies were per-
formed at the Erciyes University Genome and Stem
Cell Center (GENKOK). Total RNA was extracted
with TRIzol reagent from whole blood samples of the
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groups (Roche, Germany). The quantity (absorbance at
260 nm) and quality (ratio of absorbance at 260 and
280 nm) of RNA were estimated with a BioSpec-
Nano Spectrophotometer. First-strand complementary
DNA (cDNA) was synthesized from total RNA with
the Transcriptor High Fidelity cDNA Synthesis kit
(Roche, Germany) according to the manufacturer’s
instructions. Gene expressions were assessed by quan-
titative Real-Time Polymerase Chain Reaction (qRT-
PCR) with RotorGene (Qiagen, Germany). Each
sample was studied double and beta-actine (ACTB)
was used as the endogenous reference. The changes
in gene expressions between the case and control
groups were determined by the “*Ct method of relative
quantification.

Statistical analysis

To assess data normality, histogram and g—q plots were
examined; also Shapiro-Wilk’s test was performed.
Levene test was used to test variance homogeneity.
To compare the differences between patient groups, a
two-sided independent samples t test or Mann-Whit-
ney U test was used for continuous variables and Fish-
er’s exact test was used for categorical variables.
Spearman’s correlation analysis was used to determine
the linear association between genes in ASDs. Values
were expressed as frequencies and percentages, mean
and standard deviation, or median (25-75% percen-
tiles). Analyzes were conducted using R 3.0.3 (www.r-
poject.org) software. The alpha level of 0.05 was set
up to indicate significance.

Results

Twenty-two patients were diagnosed with ASD. The
average age of the ASD patients was 4.79 + 2.20 years.

Table 1. Clinical and socio-demographic features of ASD patients.

Eighteen of the ASD patients (81.8%) were male and
four (18.2%) were female. The control group consisted
of 10 (71.4%) boys and 4 (28.6%) girls. The mean age of
the control group was 5.71 + 2.33 years. Age and gen-
der differences were not statistically significant
between the two study groups (p =.244 and p =.683,
respectively). According to the socio-demographic
data form, 50% of the patients had aggression. Insensi-
tivity to pain symptoms was observed in 23% of the
patients (Table 1). When the patients were evaluated
according to their intellectual functioning, 15 (34.1%)
of the autism patients were diagnosed as intellectually
disabled. All of the clinical findings of the patients
are presented in Table 1.

The expressions of the three genes were statistically
significantly lower in ASD patients compared to that in
the control group. As for the separate evaluation of
groups, the OPRLI gene expression was 0.61 (0.02-
0.95) in the ASD group and 1.69 (1.00-2.41) in con-
trols, with a p value of less than .001; the TACRI
gene expression was 0.76 (0.01-1.11) in the ASD
group and 1.62 (1.05-2.49) in the control group, with
a p value of less than .001. The HTRIE gene expression
of the ASD group was 0.78 (0.01-1.33) and 1.39
(0.87-1.97) in the control group (p =.007) (Figure 1).

The association between the three gene expressions
was found to be statistically significant, with positive
and strong correlations in the ASD group (OPRLI-
TACRI: rho=0.960, p <.001; OPRLI-HTRIE: rho =
0.892, p <.001; TACRI-HTRIE: rho =0.900, p <.001)
(Figure 2). When the ASD group was evaluated in
terms of the parameter of insensitivity to pain, the
HTRIE gene expression of the positive group was
found to be statistically significant and lower compared
to the negative group (p =.038), while the OPRLI and
TACRI gene expressions observed were lower in this
group but not statistically significant.

Patients Age (months) Gender (M/F) CARS score Additional clinical findings ADSI Aggression Insensitivity to pain
P10-101 72 Male 32 ADHD Normal Negative Negative
P10-102 27 Male 31 ID Abnormal Negative Negative
P13-101 36 Female 43 D Abnormal Positive Positive
P17-101 72 Male 415 ID Abnormal Positive Positive
P18-101 60 Male 335 ID, ADHD Abnormal Positive Negative
P19-101 41 Male 32 None Normal Negative Negative
P20-101 55 Male 30 None Normal Negative Negative
P21-101 80 Male 30 None Normal Negative Negative
P22-101 60 Male 32 ID Suspicious Negative Negative
P23-101 41 Male 325 ID Suspicious Positive Negative
P24-101 96 Male 315 ID, ADHD Abnormal Positive Negative
P25-101 72 Male 30 ID Suspicious Negative Negative
P26-101 72 Female 1.5 ID, ADHD Abnormal Positive Negative
P28-101 29 Male 40 ID Abnormal Positive Positive
P29-101 36 Male 325 D Suspicious Negative Negative
P30-101 31 Male 315 ID Suspicious Negative Negative
P31-101 60 Male 375 ID Suspicious Positive Negative
P32-101 48 Male 35 ID Abnormal Negative Negative
P33-101 24 Male 31 ID Suspicious Positive Negative
P33-102 24 Female 38 ID, Agitation Abnormal Positive Positive
P34-101 108 Male 39.5 ID, Agitation Abnormal Positive Positive
P34-102 108 Female 32 None Normal Negative Negative
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Figure 1. (A) OPRLT gene expression between the groups (p <.001), (B) TACRT gene expression between the groups (p <.001),

(C) HTRTE gene expression between the groups (p =.007).
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Figure 2. Displaying the scatterplot of the relationship

between the OPRL1, TACR1, and HTRTE genes in the ASD group.

A negative correlation was observed when the CARS
score and the gene expressions were compared, but
these findings were not statistically significant (r=
—0.292, r=-0.231, r=-0.333, respectively; p>.05)
(Figure 3).

Discussion

ASD is primarily a complex genetic disorder, but it has
been also accepted that it shows genetic heterogeneity
[1]. In this preliminary study, the whole blood
mRNA expressions of OPRLI, TACRI, and HTRIE
related to aggression and pain have been examined in
ASD patients. Our findings, namely, the comparison
of clinical features of aggression and insensitivity to
pain and OPRLI, TACRI, and HTRIE gene expressions
could provide a new contribution in understanding the
neurobiology of ASDs.

It has been known that children with autism have
unusual reactions to sensory stimuli. This character-
istic of children with autism, independent from age
and IQ development, is one of the significant charac-
teristics differentiating them from normal developing
peers [28]. Pain assessment of individuals with ASD
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Figure 3. Displaying the scatterplot of the relationship between CARS scores and the OPRL1, TACR1, and HTR1E genes in the ASD

group.
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is largely unexplained [18]. Studying insensitivity to
pain, which is a part of unusual response, is the objec-
tive of our research, but studies regarding the percep-
tion of pain and its form of expression in individuals
with ASD are limited. Some of these studies are case
studies, whereas others are in the form of empirical
studies. The pressure pain threshold was measured in
a study, which indexes sensitization of peripheral
nociceptors, and assessed subjective ratings of unplea-
santness and pain intensity in response to empathy-eli-
citing stimuli depicting physical bodily injuries in three
age- and sex-matched participant groups; namely,
ASD, conduct disorder symptoms (CDS), and typically
developing controls (TDC) [29]. Their findings indi-
cated that the pain threshold was lowest in the ASD
group and highest in the CDS group. The genes of
OPRLI and TACRI were associated with insensitivity
to pain. In our study, it has been observed that the
expression of OPRLI and TACRI genes is statistically
significant (p <.001); thus, it supports the relationship
between insensitivity to pain and autism. Although
there are no available data in the literature associated
with autism and TACRI gene expression, these data
may be very important. It is clear that there is a need
for more genetic studies about pain-related genes in
individuals with ASD with larger sample sizes.

Our knowledge about aggression in children with
ASD is also insufficient. However, the available data
indicated that aggression is common in patients with
ASD. In a study conducted interviews with families
was selected and method of aggression in patients
with ASD was found to be 65% independently from
ID [30]. Again interviewing with the families of
patients with ASD was selected in another study in
which the parents of 67 children were interviewed. It
was reported that two-thirds of these children had
been having severe temper tantrums and one-third of
these children had manifested aggression in the past
[31]. A broader study shows that in more than 50%
of ASDs, physical aggression is seen as a snapshot of
clinical finding, while 70% stated that aggression
against caregivers was observed in their life span
[32,33]. Many studies in ASDs have emphasized that
there is no change in the level of aggression with age
[31,32-34]. Aggression has a clear relationship with
HTRIE. Low serotonergic activity correlates with
increased impulsive-aggressive behavior. In 2008,
HTRIE (rs1406946) gene polymorphism was evaluated
with other serotonergic system gene polymorphisms in
the ADHD group. This study revealed that HTRIE
polymorphism was under-expressed in aggressive
behavioral impulsivity [25]. Similar to this result, the
expression of HTRIE gene was lower (p=.007) in
our ASD group. Our study is different from Oades
et al’s study by examining the gene expression of
HTRIE. Therefore, we thought that this is an impor-
tant finding supporting the characteristic of aggression

in children with ASD. As a limitation, in this prelimi-
nary study, we selected only the three genes to evaluate
the symptoms of aggression and pain in a small-sized
ASD group. Further studies with larger samples are
required for future genetic studies.

In conclusion, the expressions of genes are low in ASD
cases compared to that in the control group; in other
words, all of the gene expressions are decreased in ASD
cases. This situation also supports that these three
genes can be associated with ASD. However, whether
these symptoms are related to etiology or are a result of
the disorder needs to be clarified in further studies. Con-
sidering all these findings, there is a need to examine
other genes associated with aggression and insensitivity
to pain in future studies in ASD patients. Multidisciplin-
ary studies using animal models to reveal this relation-
ship using both tissue samples and blood are needed.
We conclude that larger sample sizes may lead to more
significant results, which may reveal the negative corre-
lation observed between the expression levels of these
three genes and CARS scores in the ASD group.
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