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Abstract

Objective: The aim of this study was to research the relationship between Attention Deficit Hyper-
activity Disorder (ADHD) and the synapsin III -196G>A and -631C>G polymorphisms and study
their impact on neurocognition and behavior in Turkish children and adolescents. Methods: A to-
tal of 201 ADHD-diagnosed children and 100 control subjects aged between 8 and 15 years were
recruited, and genetic material was obtained from saliva. In the diagnostic assessments, the K-
SADS-PL semi-structured interview was applied. Children with any comorbid psychiatric diagnosis
(with the exclusion of oppositional defiant disorder (ODD)), medical conditions, prior psychotro-
pic drug use history or IQ score below 80 were excluded. For the behavioral and ADHD symptom
assessments, the Turgay DSM-IV Disruptive Behaviors Rating Scale, Teacher Report Form (TRF)
and Child Behavior Checklist (CBCL) were completed by the parents and teachers. Neurocognitive
profiles were evaluated with the CNS-Vital Signs computerized neurocognitive test battery. Results:
No significant difference in ADHD prevalence was observed between subjects with the synapsin III
gene -196G>A polymorphism and -631C>G polymorphisms. These polymorphisms were also not
associated with subtypes of ADHD. We found a relationship between both polymorphisms and
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Stroop simple reaction time. Conclusion: Synapsin’s effect could be limited during childhood, but
synapsin polymorphisms could be associated with Stroop simple reaction time.
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1. Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a prevalent childhood neuropsychiatric condition, with an
approximate worldwide prevalence of 5% in school-age children [1]. According to the current criteria of the
Diagnostic and Statistical Manual of Mental Disorders, 5 edition (DSM-V), ADHD is defined as a persistent
pattern of inattention and/or hyperactivity-impulsivity that interferes with development [2]. Although ADHD
maybe the most studied condition in child psychiatry worldwide [3], the precise causes and mechanisms are not
yet completely understood. Genetics studies support a strong genetic contribution for ADHD development. The
first genetic studies targeted dopaminergic genes, but they only explained a small part of ADHD heritability [4].
It is suggested that the modulation of neurotransmitter release and synaptogenesis might be involved in the pa-
thophysiology of ADHD, as well [5].

Synapsins are a family of neuron-specific phosphoproteins [6] and synaptic vesicle proteins that play a very
important role in the regulation of neurotransmission and synaptogenesis [7]. In mammals, three synapsin genes
(1, 11, and I11) have been described [7]. Kao et al. cloned and characterized synapsin 11l from human DNA,; it is
located on chromosome 22 [8]. Synapsin Ill appears to play a significant role in early neurodevelopmental
processes and also neurogenesis and axonogenesis [9]. Another important role of synapsin Il is involved in
synaptic transmission, especially dopamine release [10]. Studies have investigated genes encoding the proteins
that have roles in the modulation of neurotransmitter release and ADHD, such as SNAP-25 gene (the synapto-
somal-associated protein) [11], synaptobrevin-2 (VAMP2) and syntaxin 1A genes [12]. This inquiry about syn-
apsin Il in ADHD is commendable as ADHD is related to the release of neurotransmitters, especially dopa-
mine.

The Synapsin 111 gene has been studied in schizophrenia and was mapped to chromosome 22 at 22g12-gq13
[13]. This region is theorized to be involved in schizophrenia, but no relationship between synapsin 111 gene po-
lymorphisms and schizophrenia [14] has been noted. Currently, there are two studies that have evaluated the re-
lationship between Synapsin 111 and ADHD. One of the studies found no relationship between synapsin 11l gene
polymorphisms and ADHD [15]. In the other study, Kenar et al. found a relationship between the -631C>G po-
lymorphism and ADHD; however, they found no relationship between the -196G>A polymorphism and ADHD
in adult Turkish patients [16].

The purpose of this study was to research the relationship between ADHD and the synapsin 111 gene and to
investigate the neuropsychological tests in -196G>A and -631C>G polymorphisms in a clinical sample of
children and adolescents diagnosed with ADHD, as well as in typically developing Turkish children and ado-
lescents.

2. Methods
2.1. Study Design and Participants

In the present study, 201 ADHD-diagnosed children and 100 control subjects were evaluated, and the genetic
material was assessed for the determination of synapsin Ill genotypes. The study participants were assessed in
the child and adolescent psychiatry clinic of Ege University from December 2011 to March 2013.

The ADHD and control group subjects were recruited among children satisfying the following criteria: aged
between 8 and 15 years, an 1Q score above 80, living with his/her own family, attending a normal school, no
history of head injury with unconsciousness, no history of neurological or other serious medical diseases or the
constant use of prescribed medications for medical conditions, and no history of prior use of stimulants or use of
psychotropic medication within the last six months. For the ADHD subjects, any psychiatric disorder other than
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oppositional defiant disorder (ODD) was an exclusion criterion; for the control subjects, any psychiatric disorder
was not allowed.

Ethical approval was granted and approved by the Pamukkale University Research Ethics Committee in ac-
cordance with the Helsinki Declaration. Written consent was taken from parents of the children both for the
ADHD group and typical development (TD) group.

2.2. Diagnostic Procedures

The Child Behavior Checklist (CBCL) [17], the Teacher’s Report Form (TRF) [18] and the DSM-IV Disruptive
Behavior Disorders Rating Scale—teacher and parent forms [19] were completed by parents and teachers. Sub-
jects with an inattentive score more than one standard deviation greater than the age norms for these scales were
invited to participate in the diagnostic part of the study. This procedure was performed to guarantee that inatten-
tive symptoms were adequately represented in all ADHD types assessed. Initially, a semi-structured interview
(Kiddie-Schedule for Affective Disorders and Schizophrenia, present and life time version—K-SADS-PL) was
administered to parents by a senior child psychiatry resident [20]. The same psychiatrist also performed a mental
status examination of each child. Then, an estimated 1Q was obtained by using vocabulary and block design
subtests of WISC-R.

Two experienced child psychiatrists who were blind to the first diagnostic assessment conducted a confirma-
tory second diagnostic interview for those with a positive ADHD diagnosis in the first KSDAS-PL interview.
The parents (mostly mothers—93%) and subjects were also interviewed according to the K-SADS-PL. “A best
estimate procedure” was used to determine the final diagnoses [21]. Thirteen subjects were excluded from the
second diagnostic part of the study. Three subjects refused to attend the second diagnostic interview, and a disa-
greement between interviewers on ADHD types/comorbid diagnoses occurred for 10 cases. Unrelated healthy
controls were recruited from the same community. The same diagnostic procedure was applied for the assess-
ment of controls. However, we required that TD subjects had inattentive scores one standard deviation below the
mean for the child’s age on the CBCL, TRF, ADHD-RS-1V scales. A sample of 201 children with ADHD and
100 control subjects were included in the study.

2.3. Neurocognitive Assessments: CNS Vital Signs

CNS Vital Signs is a computerized neurocognitive test battery that is composed of the following 7 tests: verbal
and visual memory, finger tapping, symbol digit coding, the Stroop Test, a test of shifting attention, and the con-
tinuous performance test. The results are scored in the following 6 domains: neurocognitive index, memory,
psychomotor speed, reaction time, comprehensive attention, and cognitive compliance. These scores are calcu-
lated according to the age group of the cases. This test is generally completed in 30 minutes. This battery is a
sensitive tool for evaluating the performance of children and adolescents with ADHD [22].

2.4. Genotyping: DNA Isolation and Molecular Analysis

For the amplification of the synapsin 111 gene -196G>A (rs133945) polymorphism, DNA was isolated from
peripheral blood leukocytes by the standard phenol/chloroform method and genotyped by the polymerase
chain reaction-restriction fragment length polymorphism method. PCR was performed with a personal thermal cyc-
ler (Techgene), using SYN2 F-5’-T CCTTTCCAGAAGGATGTCC-3’/SYN2 R-5’AAGCCAACAAATACAT
AAGTGGAGA-3’primers. For the amplification of the synapsin Ill gene -631C>G (rs133946) polymorphism,
DNA was isolated from saliva. PCR was performed with a personal thermal cycler (Techgene), using SYN1
F-5’-AGGCATGTACTTGCGTTACC-3’/SYN1 R-5’-ACCAAATGACTACAAAGATGTACCA-3’ primers.

2.5. Data Analyses

Group differences in the demographic variables were examined by the Kruskal-Wallis test for nonparametric
data, and categorical comparisons were performed by Chi Square Test. Associations between the study groups
and gene polymorphisms were examined using chi-squared analyses. Group comparisons in the scale and neu-
rocognitive tests scores according to Synapsin Il genotypes were performed with One-Way Analysis of Va-
riance (One-Way ANOVA) for the parametric continuous data and with the Kruskal-Wallis Test for the nonpa-
rametric continuous data. Significant differences between pairs of groups were detected using Tukey’s posthoc
test for the parametric data and the Mann-Whitney U Test for the nonparametric data. p-values < 0.05 were con-
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sidered statistically significant. SPSS (Statistical Package for Social Sciences) version 17.0 for Windows was
used for statistical analysis of the data.

3. Results

A total of 201 ADHD patients and 100 healthy controls were admitted to the study. The mean age of the study
group was 10.78 + 2.01, and the mean age of the control group was 10.73 + 1.92. There was no significant dif-
ference between the study and control groups regarding age (p > 0.05). The study group consisted of 78% boys
and 22% girls. The control group consisted of 55% boys and 45% girls. The difference in sex composition be-
tween the groups was significant (p > 0.001) (Table 1).

3.1. Synapsin III Gene -196G>A Polymorphism Results of the Groups

Genomic DNAs for the synapsin 111 gene -196G>A polymorphism could not be obtained from 1 of the 201 pa-
tients and 1 of the 100 control subjects because of technical problems and they were not included into the re-
sults.

The frequency of the synapsin 111 gene -196G>A polymorphism was compared between groups. The G allele
(patient: 51.3%, control: 47.5%) in the patient group, the A allele in the control group (patient: 48.7%, control
52.5%) (p = 0.472): and the G/A genotype (patient: 52.5%, control: 51.5%) (p = 0.734) were observed most of-
ten among the groups, and no significant difference was found between the groups. No significant difference
was found between the groups in terms of the presence of the G (p = 0.472) or A allele (p = 0.597) (Table 2).

In comparing the ADHD subtypes and genotypes with the control group, the G/A genotype was most preva-
lent in all the three ADHD subtypes, in the inattentive type (44%), in the restrictive type (52%), in the combined
type (57%) and also in the control group (51.5%). The difference between the subtypes and the control group
was not significant (p = 0.812) (Table 3).

3.2. Neuropsychological Findings and Rating Scales of Synapsin III Gene -196G>A
Polymorphism

We compared the CNS-VS domain scores according to the polymorphism groups in the entire sample; we found

Table 1. Age and sex distribution of the subjects according to diagnosis.

Group Age (y) p-value Boysn (%0) Girlsn (%) Totaln (%) p-value

ADHD 10.78 +2.01 0.872" 157 (78%) 44 (22%) 201 (100%) 0.000™

Controls 10.73 +1.92 : 55 (55%) 45 (45%) 100 (100%) :
Total 10.7 £0.98 212 (70.4%) 89 (29.6%) 301(100%)

“Mann Whitney U nonparametric test. ““Chi Square Test.

Table 2. Allele and genotype frequencies of the Synapsin Il gene -196G>A polymorphism.

Allele frequencies ADHDnN (%) Controln (%) p-value
G 205 94
A 195 104 0.472
Total 400 198
Genotype frequencies n (%) n (%) p-value
GIG 50 22
G/IA 105 51
AIA 45 26 0.734
Total 200 99
Presence or absence of G and A alleles n (%) n (%) p-value
GIG + GIA 155 (77.5%) 73 (73.7%) 0.472
AIA + G/IA 150 (75%) 77 (77.7%) 0.597

Chi-square test was performed. ADHD, attention deficit hyperactivity disorder.
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statistical significance only for the Stroop simple reaction time (p = 0.008) (GG: 584.6 + 373.1, GA: 451.6
267.4, AA: 502.9 £ 269.8, respectively, post hoc analyses (Tukey); GG > GA; p = 0.005). The neuropsycholog-
ical performance of the GG, GA and AA groups within the ADHD group did not differ significantly. We also
could not find any difference between the GG + GA when compared to AA, or the GG when compared to GA +
AA in the ADHD group.

DSM-IV Disruptive Behavior Disorders Rating Scale—teacher and parent forms and Child Behavior Check-
list subgroups of the Synapsin 111 gene -196G>A polymorphism GG, GA and AA groups did not differ signifi-
cantly. We did not find any difference in the DSM-IV Disruptive Behavior Disorders Rating Scale—teacher and
parent forms or Child Behavior Checklist subgroups of the Synapsin Il gene -196G>A polymorphism GG, GA
and AA groups among the entire group. We also compared groups according to GG + GA and AA, as well as
GG and GA + AA, but again did not find any significant difference.

3.3. Synapsin III Gene -631C>G Polymorphism Results of the Groups

Genomic DNAs for the synapsin 111 gene -631C>G polymorphism could not be obtained from 1 of the 201 pa-
tients and 1 of the 100 control subjects because of technical problems and they were not included into the re-
sults.

The groups were compared according to the Synapsin Il gene -631C>G polymorphism. The C allele (patient:
50.5%, control: 48%): in the patient group, the G allele in the control group (patient: 49.5%, control 52%) (p =
0.562) and the C/G genotype (patient: 53.2%, control: 52.5%) (p = 0.886) were most prevalent among the
groups, and no significant difference was found between the groups. No significant difference was found be-
tween the groups in terms of the presence of the C (p = 0.650) or G allele (p = 0.749) (Table 4).

In comparing the ADHD subtypes and genotypes with the control group, the C/G genotype was most preva-
lent in all the three ADHD subtypes, in the inattentive type (44%), in the restrictive type (50%), in the combined
type (61%) and also in the control group (52.5%). The difference between the subtypes and the control group
was not significant (p = 0.520) (Table 5).

Table 3. Synapsin Il gene -196G>A polymorphism genotype distribution of the ADHD subtypes and the
control groups.

Genotype  Inattentive type n (%) Restrictive type n (%) Combined type n (%) Control p-value
GG 15 (30%) 12 (24%) 23 (23%) 22 (22.2%)
GA 22 (44%) 26 (52%) 57 (57%) 51 (51.5%)
AA 13 (26%) 12 (24%) 20 (20%) 26 (26.3%) i
Total 50 50 100 99

Chi-square test was performed.

Table 4. Allele and genotype frequencies of the Synapsin I11 gene -631C>G polymorphism.

Allele frequencies ADHD n (%) Control n (%) p-value
G 203 95
A 199 103 0.562
Total 402 198
Genotype frequencies n (%) n (%) p-value
c/iC 48 22
CIG 107 (53.2%) 52 (52.5%) 0.886
GIG 46 25 '
Total 201 99
Presence or absence of C and G alleles n (%) n (%) p-value
CIC +CIG 155 (77.1%) 74 (74.7%) 0.650
G/G + CIG 153 (76.1%) 77 (77.7%) 0.749

Chi-square test was performed. ADHD, attention deficit hyperactivity disorder.
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Table 5. Synapsin Il gene -631C>G polymorphism genotype distribution of the ADHD subtypes and the
control groups.

Genotype  Inattentive type n (%) Restrictive type n (%)  Combined type n (%0) Control p-value

cc 15 (30%) 12 (24%) 21 (21%) 22 (22.2%)

CG 21 (44%) 25 (50%) 61 (61%) 52 (52.5%)

GG 14 (26%) 13 (26%) 19 (19%) 25 (25.3%) 20
Total 50 50 100 99

Chi-square test was performed.

3.4. Neuropsychological Findings and Rating Scales of Synapsin III Gene -631C>G
Polymorphism

We compared the CNS-VS domain scores of the CC, CG and GG groups in the entire sample, and we found a
significant difference in the Stroop simple reaction time (p = 0.002) (CC: 598.4 + 374.6, CG: 448.2 £ 259.1, GG:
499.9 + 300.3, respectively, post hoc analyses (Tukey); CC > CG; p = 0.001). In comparing the CC, CG and GG
groups, the only significant difference was in the Stroop simple reaction time (p = 0.022) (CC: 598.0 + 373.2,
CG: 458.8 + 248.1, GG: 536.7 + 310.3, respectively) in the ADHD group. We did not find any difference be-
tween the CC + CG and GG groups in neuropsychological performance. We again found a difference in Stroop
simple reaction time in comparing the Synapsin Il gene -631C>G polymorphism CC and CG + GG groups (p

= 0.020) (CC: 598.0 + 373.2, CG + GG: 48227 + 269.6, respectively).

DSM-IV Disruptive Behavior Disorders Rating Scale — teacher and parent forms and Child Behavior Check-
list subgroups of the Synapsin Il gene -631C>G polymorphism CC, CG and GG groups did not differ signifi-
cantly. We did not find any difference in the DSM-IV Disruptive Behavior Disorders Rating Scale—teacher and
parent forms and Child Behavior Checklist subgroups of the Synapsin Il gene -631C>G polymorphism CC, CG
and GG groups in the entire group. We also compared the CC+CG and GG groups and the CC and CG + GG

groups, but again, we did not find any significant difference.

4. Discussion

In the present study, we did not observe a relationship between ADHD and the -196G>A polymorphism of the
synapsin 111 gene. These findings are compatible with the literature. MakKkar et al. investigated the relationships
of five polymorphisms of the synapsin Ill gene; rs133946 (exon 5), rs133945 (exon 5), rs242089 (intron 5),
rs3788459 (intron 6) and rs1056484 (3’UTR) with ADHD in 177 families with 220 affected children. They
found no relationship between the -196G>A polymorphism and ADHD [15]. In the study with a total of 139 pa-
tients with adult ADHD and 106 healthy controls, no significant difference was observed between the groups in
the prevalence of the synapsin Il gene -196G>A polymorphism [16]. This polymorphism may not have an ef-

fect on ADHD symptoms.

We did not find a relationship between ADHD and the -631C>G polymorphism of the synapsin 11l gene. The
literature on ADHD and the -631C>G polymorphism is controversial. Makkar et al. found no relationship in
children [15]. However, Kenar et al. found a significant relationship between ADHD and the -631C>G poly-
morphism of the synapsin Il gene in adult patients [16]. The difference between the aforementioned adult study
and ours may be because their patient and control groups consisted of adults and our groups consisted of child-
ren and adolescents. Additionally, this polymorphism may not have a major effect on ADHD symptoms during
childhood but may present at adulthood. It is indicated that synapsin Il plays a much earlier role in neurodeve-

lopment [9], but interestingly, we did not find a relationship with ADHD in childhood.

There have been no data on neuropsychological performance and the -196G>A polymorphism and -631C>G
polymorphism until now. In the entire group, for the -196G>A polymorphism, the GG group had higher Stroop
test scores than the other two groups and significantly higher scores than the GA group. Also in the entire group,
for the -631C>G polymorphism, the CC group’s Stroop test scores were higher than the other groups’. There are
several versions of the Stroop test, and the modification adopted for CNS Vital Signs uses only four colors/color
words (red, green, yellow, blue), and only one key, the space bar. The test has three parts. In the first section, the

words “red”, “yellow”, “blue” and “green” appear at random on the screen, and the subject presses the space bar
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as soon as he or she sees the word, and then, the subject receives a simple reaction time score [22]. In one study
of 175 patients with ADHD, patients aged 10 to 29 were compared with 175 age-matched normal controls who
had taken the CNS Vital Signs battery. The ADHD group had higher Stroop test simple reaction time scores
than the normal controls. A lower score on the Stroop test is considered better [23]. In both polymorphism
groups, we observed an effect on Stroop simple reaction time scores. We did not find any study on ADHD, but it
was shown that synapsin Il protein levels significantly decreased in the prefrontal cortex of individuals with
schizophrenia [24]. Additionally, hemodynamic brain imaging data both support the sensitivity and specificity
of the Stroop test to indicate frontal lobe functioning [25]. Accordingly, these polymorphisms may have affected
the Stroop test simple reaction time in our study via this mechanism.

4.1. Limitations

There are several limitations of the present study. Our study included only two ADHD subtypes (ADHD-1 and
ADHD-C) because ADHD-H is rarely observed clinically. Future studies that include the ADHD-H subtype
would provide more comprehensive information related to the psychopathology of ADHD. We did not exclude
ODD, and the presence of possible comorbid ODD in some patients may have had a confounding effect. Addi-
tionally, we assessed only estimated 1Q using the vocabulary and block design subtests of the WISC-R. Thus,
other potential ADHD neuropsychological domains were not assessed (e.g., delay aversion, RT variability). For
the DNA source, we used a saliva sample, but peripheral blood samples could be taken to increase the efficiency
of genotyping.

4.2. Conclusion

Attention Deficit Hyperactivity Disorder is complex and heterogeneous. It is difficult to find a particular gene
associated with ADHD. Prospective studies, which followed subjects with ADHD from child- to adulthood,
have shown a reduction in hyperactive and impulsive symptoms over time, but the inattentive symptoms per-
sisted into adulthood [26]. Therefore, the expression of the main genes could be different in childhood than in
adulthood. Synapsin effects could be limited during childhood but may be present in adulthood. Therefore, spe-
cific endophenotypes for attention deficit, hyperactivity and impulsivity symptoms should be determined.
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