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Objective: Although attention deficit hyperactivity disorder (ADHD) is a disease with high genetic transition, our knowl-
edge about the mechanism of the disease is limited. In this study, it was aimed to evaluate the levels of miR-132-3p
and miR-942-5p that are associated with the dopamine carrier protein gene (DAT1) and dopamine receptor 5 (DRD5)
genes, which have been shown to play a role in the development of ADHD.

Methods: According to the Diagnostic and Statistical Manual of Mental Disorders 5th edition, 50 children diagnosed
with ADHD and 48 healthy controls were included in the study. Affective Disorders and Schizophrenia Interview Sche-
dule-Now and Lifetime Version-Turkish Adaptation was used to evaluate ADHD and the diagnoses accompanying
ADHD. Quantitative Real-Time Polymerase Chain Reaction was used to evaluate miR-132-3p and miR-942-5p expression
levels.

Results: It was observed that miR-132-3p level (p = 0.001) was significantly higher with children with ADHD compared
to the control group, and the level of miR-942-5p (p = 0.181) was higher in ADHD but did not reach statistically
significant level.

Conclusion: In our study, we found that the increase in the miR-132-3p levels of children with ADHD may be a ther-

apeutic target of the disease.

KEY WORDS: Attention deficit hyperactivity disorder; MicroRNA; MiR-132-3p; MiR-942-5p.

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a
neurodevelopmental disorder that is characterized by dis-
traction, hyperactivity and impulsivity, and its symptoms
continue mostly for life [1]. Genetic factors have been
shown to be very important in the etiology of ADHD. In a
study with a identical twins, it was found that the in-
heritance of ADHD was 76% [2]. Some genes have been
found associated with ADHD significantly such as dop-
amine D4 receptor gene (DRD4), dopamine D5 receptor
gene (DRD5), dopamine transporter 1 (DAT1), serotoner-
gic receptor (HTR1B), dopamine beta hydroxylase en-
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zyme (DBH), serotonin transporter enzyme (5-HTT) and,
synaptosomal-associated protein 25 (SNAP-25) genes [2].

MicroRNAs (miRNAs) are RNA molecules that are en-
coded with genes, have regulatory properties, and are sin-
gle-stranded, consisting of approximately 21 —23 nucleo-
tides, and do not encode endogenous protein; and they
suppress the expression of the target gene [3,4]. It has
been shown to have an effect on important biological
processes such as neurogenesis, synaptic plasticity, cell
death decision, apoptosis and stress response by acting on
messenger RNA (mRNA) [5,6]. Although 70% of miRNAs
have been shown to be expressed in the brain and most
miRNAs are specific to neurons, their role in development
and nervous system activity is largely unknown [7,8].
Studies on miR-132-3p have shown that miR-132-3p and
miR-134 play a role in the regulation of synaptic plasti-
city, and miR 132 also increases dentrit sizes and dentritic
branching [9]. In a study with transgenic mice, it was found
that increased miR-132-3p within the physiological limits
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increases cognitive capacity, and miR-132-3p overex-
pression that exceeds physiological limits distrups learn-
ing [10]. In addition to dopamine-related genes, the
brain-derived growth factor (BDNF) gene, an important
neurotrophin, is also included in the ‘hot gene’ class in
ADHD [11]. BDNF protein, which is effective on synaptic
plasticity, neuronal survival and differentiation, is critical
for the survival and differentiation of dopaminergic neu-
rons in the midbrain [12]. BDNF is also indirectly regu-
lated by miR-132-3p through MeCP2 [13], and a decrease
in miR-132-3p level has been shown in Rett Syndrome
caused by mutation in the MeCP2 gene [14]. MiRNA-re-
lated studies have been performed in many psychiatric
diseases such as schizophrenia, bipolar disorder, depres-
sion, anxiety disorder, autism, and Tourette Syndrome
[15-19]. While these studies are still in their infancy, these
small molecules are thought to lead to significant im-
provements in the diagnosis and treatment of psychiatric
diseases.

So far, studies evaluating the relationship between
miRNA and ADHD are also limited [20]. In a study by Wu
et al., the relationship between galectin-3 and miR let-7d,
which leads to down-regulation in tyrosine hydroxylase
enzyme, which has an important role in dopamine metab-
olism, was investigated. It was observed that there was an
increase in miR let-7d level in ADHD patients and this in-
crease caused a decrease in serum galectin-3 levels [21].
miR-942-5p is a relatively new detected microRNA that
has also been shown to play a role in regulating the
Whnt/R-catenin signal pathway, which plays a role in regu-
lating stem cell functions [22]. It is estimated that mi942 is
one of the miRNAs that show different expression in
ADHD patients [23]. In this study, it was aimed to evaluate
the microRNA-132 (miR-132-3p) and microRNA-942
(miR-942-5p) levels, which are stated to be associated
with DAT1 and DRD5 genes respectively in the miRNA
database (http://www.mirbase.org/), in newly diagnosed
ADHD patients. Our hypothesis was that these miRNAs
would be different in ADHD patients compared to
controls.

METHODS

Fifty ADHD patients who met the inclusion criteria of the
study from the patients diagnosed with ADHD Compound
Type according to the Diagnostic and Statistical Manual

of Mental Disorders 5th edition (DSM-5) diagnostic cri-
teria between February 2015 and December 2015 in
Gaziantep University Faculty of Medicine, Department of
Child and Adolescent Psychiatry, and 48 healthy volun-
teer controls were included. Affective Disorders and
Schizophrenia Interview Schedule-Now and Lifetime
Version-Turkish Adaptation for ADHD and comorbid di-
agnoses were evaluated using the semi-structured inter-
view Schedule [24]. Conners Parent Rating Scale (CPRS)
were used as a screening diagnostic measurement [25].

Children were excluded from the study if they had men-
tal retardation, autism spectrum disorder, mood disorder,
tic disorder, chronic physical disease (diabetes mellitus,
asthma, cancer, epilepsy, etc.). In addition, children who
did not want to participate in the study and whose mother
was not at a sufficient sociocultural level to fill the scales
were excluded from the study. Therefore, a written in-
formed consent form was signed for those who wanted to
participate in the research. For this study, approval was re-
ceived from the Medical Ethics Committee of Gaziantep
University Medical Faculty (Date: 09.02.2015, No: 2015/50)
and our study was funded by Gaziantep University
Scientific Research Projects (Project No: TF.15.31). Criteria
for inclusion in the research for the group with ADHD; to
be diagnosed with ADHD according to DSM-5 diagnostic
criteria, not to have been treated for ADHD before, being
between the ages of 6—14 and voluntarily accepting to
participate in the study. Criteria for inclusion in the re-
search for the control group; not to have any psychiatric
and additional chronic medical illness or disease history
and voluntarily accepting to participate in the study. The
sociodemographic data of the participants included in-
formation about age, sex, education level, ages of parents,
professions and education levels of parents, family struc-
ture, family status and income level.

miRNAs were identified by using the following data-
bases: (http://www.targetscan.org), (http:/www.mirbase.org/)
and (http://mirwalk.umm.uni-heidelberg.de) (Table 1).
Plasma was obtained from whole blood samples of
ADHD and control groups. Total RNA, including miRNA,
was obtained from the patient and control plasma using
the miRNeasy Mini Kit (Qiagen, Santa Clarita, CA, USA).
The isolated RNA samples were translated into comple-
mentary DNA (cDNA) using TagMan miRNA Reverse
Transcription Kit (Life Technologies, Foster City, CA, USA)
in 384-well Thermal Cycler (BioEr, Hangzhou, China).
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Table 1. miRNA’s target genes and primer sequences

Sequence Target gene

miRNA’s miRbase accession number
hsa-miR-1 32-3p MIMAT0000426
hsa-miR-942-5p MIMAT0004985

UAACAGUCUACAGCCAUGGUCG
UCUUCUCUGUUUUGGCCAUGUG DRD5

DAT1(SLC6A3)

miRNAs are identified by using the following databases: (http:/www.targetscan.org), (http:/www.mirbase.org) and (http:/mirwalk.umm.uni-

heidelberg.de).

Before quantitative Real-Time Polymerase Chain Reaction
(gRT-PCR), cDNA samples were amplified using TagMan
PreAmp Master Mix (Life Technologies). The preamplifi-
cation protocol was performed as follows: 10 minutes at
95°C, 2 minutes at 55°C, 2 minutes at 72°C and 15 sec-
onds at 95°C for 14 cycles as a cycle step, and 4 minutes
at 60°C. Amplified cDNAs were kept at —80°C for later
investigations. qRT-PCR reactions were performed with a
high processing device (BioMark; Fluidigm, San Francisco,
CA, USA). Amplified cDNA samples were mixed with
TagMan Universal PCR Master Mix and Sample Loading
Reagent and loaded into the sample inputs of the
96.96-chip Dynamic Array (Fluidigm). QRT-PCR re-
actions were performed in the BioMark Real-Time PCR
system following the protocol. Ten minutes at 95°C, 15
seconds at 95°C and 1 minute at 60°C for 30 cycles. In this
way, it was aimed to investigate the expression levels of
miR-132-3p and miR-942-5p and compare them between
the groups. Serum miR-132-3p and miR-942-5p levels
were evaluated in Gaziantep University Genetics
Laboratory.

Statistical Analysis

NCSS (Number Cruncher Statistical System) 2007
(Kaysville, UT, USA) program was used for statistical
analysis. While evaluating the study data, besides descriptive
statistical methods (mean, standard deviation, median,
frequency, ratio, minimum, maximum), Student’s t test
was used for comparing two groups of parameters that
showed normal distribution, and Mann—Whitney U test
for two group comparisons of non-normally distributed
parameters. In comparison of qualitative data, Pearson
chi-square test, Fisher-Freeman-Halton test, Fisher’s Exact
test and Yates 'Continuity Correction test (Yates' corrected
chi-square) were used. Spearman’s Correlation Analysis
was also used to evaluate the relationships between
parameters. Diagnostic screening tests (sensitivity, specif-
icity, positive estimation value, negative estimation) and
ROC curve analysis were used to determine the cut off for

Table 2. Descriptive features by groups

Patient group  Control group

Variable (n = 50) (n = 48) p value
Age (yr) 8.45+2.25 9.50 £ 2.82 0.055
Sex
Male 37(74) 33(68.8) 0.725
Female 13 (26) 15(31.3)
Education status
Kindergarten 3(6) 3(6.3) 0.171
Primary education 37 (74) 27 (56.3)
Middle school 9(18) 13 (27.1)
High school 1(2) 5(10.4)
Number of siblings
1 5(10) 3(6.3) 0.785
2 19 (38) 17 (35.4)
=3 26 (52) 28 (58.3)
Income status
Poor 5(10) 1(2.1) 0.228
Middle 39 (78) 38(79.2)
High 6(12) 9(18.8)
Family status
Married 47 (94) 44 (91.7) 0.438
Divorced 1(2) 0(0)
Dead 2(4) 4(8.3)

Values are presented as mean =+ standard deviation or number (%).

the variables. Significance was evaluated at p < 0.01 and
p < 0.05 levels.

RESULTS

Sociodemographic data of the ADHD group and the
control group included in the study are given in Table 1.
When the ADHD group was compared with the control
group in terms of age, sex, educational background, in-
come level, number of siblings and family status, there
was no difference (p > 0.05) (Table 2). When the ADHD
group and the control group were compared according to
the CPRS subscale scores, it was seen that the scores of the
ADHD group from all subscales were statistically sig-
nificantly higher than the control group.

When the miR-132-3p and miR-942-5p measurements
were compared according to the groups, miR-132-3p
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measurements of the control group were significantly
higher than the patient group (p=0.001; p < 0.01), while
there were no statistically significant differences between
the groups in the miR-942-5p measurements (Table 3).

The patient and control group miRNA levels were eval-
uated in terms of fold changes (Fig. 1). It was seen that
miR-132-3p expression increased 2.12 times and miR-942-5p
expression increased 1.3 times in the patient group. In the
correlation analysis in terms of age; the relationship be-
tween the age and the miR-132-3p and miR-942-5p mea-
surements of the patients (with increasing age, miRNA
measurement increased) was not statistically significant
(Table 4).

Table 3. Evaluation of miR-132-3p and miR-942-5p measurements
by groups

Patient group Control group

miRNA's (n = 50) (n = 48) p value

miR-132 27.7—34 28.4—35.2 0.001
30.35+1.27 31.43 +£1.41

miR-942 26.6—34 28—36 0.181
30.79 +1.33 31.20 £ 1.65

Values are presented as Min —Max or mean =+ standard deviation.
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ADHD group control group ADHD group control group

Fig. 1. miR-132-3p and miR-942-5p measurements (high ct values
indicate low expression).
ADHD, attention deficit hyperactivity disorder.

Table 4. Characteristics of miR-132-3p and miR-942-5p measurements

A statistically significant difference was found between
miR-132-3p measurements according to the presence of
disease. Based on this significance, ROC analysis and di-
agnostic screening tests were used to determine the cut off
point for miR-132-3p (Fig. 2). Depending on the presence
of the disease, the cut off point for miR-132-3p was found
to be 30.93 and below. A statistically significant relation-
ship was found between ADHD and the cut-off value of
miR-132-3p level. The ODDS ratio for miR-132-3p is
5,692 (95% confidence interval: 2,381—13,607). We
can evaluate this situation in cases with miR-132-3p
measurement of 30.93 and below, with an increased risk
of disease by 5.69 times (Table 5).

DISCUSSION

In our study, we found that the miR-132-3p level in
children with ADHD was significantly higher compared
to the control group. Although miR-942-5p expression
was higher in ADHD patients compared to the control
group, the difference between the groups was not statisti-
cally significant.

Few studies evaluating miRNA levels in ADHD have fo-

10 - ROC curve
0.8
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.'%'
c
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1-specificity

Fig. 2. ROC curve for miR-132-3p measurement.

miRNA’s

Fold change (95% confidence interval) r (p)

Comparison of cases in terms of miR-132-3p and miR-942-5p Fold Change values

miR-132-3p
miR-942-5p

2.119 (1.34—2.90)
1.3069 (0.78—1.84)

Relationship between ages of cases and miR-132-3p and miR-942-5p measurements

miR-132
miR-942

0.169 (0.097)
0.073 (0.478)
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Table 5. Diagnostic screening tests and ROC curve results for miR-132-3p

Diagnostic scan ROC curve
miRNA Positi : 0 fi p value
Cut off Sensitivity  Specificity . o§|t|ve . Negatlve Area % /O. Goiiiesiice
estimation value estimation value interval
miR-132-3p < 30.93 74.00 66.67 69.80 71.10 0.721 0.620—0.822 0.001

cused on different miRNAs. It has been shown that miRNA
let-7d [26] expression, which has been shown to be effec-
tive on brain development and morphogenesis, has in-
creased in children with ADHD and this increase is sig-
nificantly associated with ADHD [21]. In the study con-
ducted by Kandemir et al., it was shown that there was a
significant decrease in miR 18a-5p, miR 22-3p, miR
24-3p, miR 106b-5p and miR 107 levels and a significant
increase in miR 155a-5p in the ADHD group. In addition,
significant results were obtained in the ROC analysis with
miR 107, and it was stated that miR 107 can be used as a
marker in the diagnosis of the disease [27]. According to
the ROC analysis data in our study, it was observed that
the positive predictive value was 69.80% and the neg-
ative predictive value was 71.10% in cases with a
miR-132-3p measurement of 30.93 and below, and the
risk of disease was increased by 5.69 times in these cases.
In the light of these data, it is thought that miR-132-3p
may be a marker for the diagnosis of the disease, but more
extensive research is needed in this area. In many neuropsy-
chiatric diseases such as schizophrenia, substance use dis-
order, major depressive disorder, Rett syndrome, Alzheimer,
miR-132-3p levels have been shown to change [28-31].
In studies evaluating the relationship between schizo-
phrenia and ADHD, it was shown that the risk of develop-
ing schizophrenia increases in children with a history of
ADHD and the frequency of ADHD is higher in children
who have a high risk of developing schizophrenia, but the
cause of the relationship between schizophrenia and
ADHD has not been clearly established [32]. Studies have
shown that there is a relationship between miR-132-3p
levels in the brain and peripheral blood mononucleer
cells [33,34]. In schizophrenia, a significant reduction in
miR-132-3p levels was found in the dorsolateral pre-
frontal cortex (DLPFC) [35]. In another study evaluating
miR-132-3p levels in the peripheral blood of schizophrenia
patients, a similar result was found and a decrease in
miR-132-3p expression in the blood was observed. In this
study, in 12 new-onset schizophrenia patients, an in-

crease in miR-132-3p expression was detected after anti-
psychotic drug treatment and it was pointed out that
miR-132-3p may be a potential target in the diagnosis and
treatment of the disease [31]. In our study, it was thought
that the significantly higher miR-132-3p level of the
ADHD group. This may indicate that mi-132, which is
high in other psychiatric diseases, can be a potential target
in diagnosis and treatment, considering the common etio-
pathogenesis of psychiatric diseases.

Deletion at the miR-132-3p/212 locus caused morpho-
logical changes in the emerging adult hippocampus neu-
rons in the form of a decrease in dentritic growth and a de-
crease in spine density [6]. In a study with transgenic
mice, miR-132-3p overexpression has been shown to
cause impairments in the new object recognition memory
[36]. While learning process in non-neuronal cells does
not increase miR-132-3p, it has been shown that learning
process in neuronal cells causes a significant increase in
miR-132-3p levels, and increased miR-132-3p within
physiological limits increases cognitive capacity. In this
study, it was also determined that miR-132-3p over-
expression disrupts learning in a level that exceeds phys-
iological limits. According to these data, it was empha-
sized that miR-132-3p expression should remain within a
certain range for learning and memory, miR-132-3p de-
fined as a dynamic regulator of cognitive capacity [10].
Considering these relationships between miR-132-3p and
cognitive functions, it is thought that disorders of learning
and memory functions that can be seen in children with
ADHD may occur due to increased miR-132-3p expression.

BDNF, also indirectly regulated by MiR-132-3p, is a
protein that acts on synaptic plasticity, neuronal survival
and differentiation [12,13]. A decrease in PFC and hippo-
campus volumes has been shown in ADHD patients with
polymorphism in the BDNF gene [37]. It has been ob-
served that there is an increase in serum BDNF level in
children with ADHD and this increase correlates with the
severity of careless symptoms [38]. In another study, a de-
crease in hippocampus BDNF level was found in rats with
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ADHD and it was found that BDNF level increased after
exercise, thus improving spatial learning abilities [39]. In
our study, it was thought that increased miR-132-3p ex-
pression in children with ADHD might have disrupted the
adjustment in BDNF levels and this may be related to the
emergence of problems related to attention and learning.

In the literature review, only one ADHD study was
found with miR942. In this study, it was stated that
miR-942-5p was statistically upregulated in the group
with ADHD compared to the other group [23]. This is a
result that partially matches our study. Although there was
a higher expression level in our study, no statistically sig-
nificant difference was found. This may be due to the fact
that the previous study had a small number of samples.
This study included only 9 children with ADHD and 20
age-matched typically developing subjects. However, the
minimum number of patients should be 33 for moderate
effect size in power analyzes and previous studies.

Limitations of our study; The low sample size, the low
number of miRNAs evaluated, the literature on ADHD
and miRNA relationship are under development, so the
comparison of our findings with previous study findings
has not been sufficiently made. As a result; The change in
miR-132-3p levels in psychiatric diseases such as ADHD,
schizophrenia, MSD, Rett syndrome may indicate the
need for miR-132-3p expression to remain within a cer-
tain range for normal development. Studies to understand
the relationship between miR-132-3p and ADHD are
thought to contribute to developments in the diagnosis
and treatment process of the disease. Studies in larger
samples are needed to understand the role of miRNAs in
ADHD.
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