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Introduction
Autism spectrum disorders (ASDs) 

(OMIM 209850), are a heterogeneous group 
of pervasive neurodevelopmental disorders 
characterized by severe impairments in 
reciprocal social communications, repetitive 
paradigms of behavior, restricted range 
of interests, and stereotyped interests and 
activities [1]. Family-based genetic and twin 
studies of ASD have demonstrated high 
heritability index (0.89-0.92) with a complex 
multifactorial etiology and the phenotype 
variability of ASD could be explained by 
both genetics and environmental factors 
[2-6]. Furthermore, meta-analytical studies 
of twins revealed that monozygotic twins 
represent a considerably higher concordance 
rate of ASD compared with dizygotic twins 
stressing the importance of genetic factors 
in ASD [7,8]. Several lines of evidence 

have introduced a variety of genes that are 
robustly considered to be involved with 
increased risk of ASDs. Among the genes, 
Gamma-Aminobutyric Acid Type A Receptor 
Subunit Alpha2 (GABRA2), GABRA4, 
Gamma-Aminobutyric Acid Type A Receptor 
Subunit Beta1 (GABRB1), GABRB2, 
GABRB3, Tryptophan 2,3-Dioxygenase 
(TDO2), Calcium-binding mitochondrial 
carrier protein coding SLC25A12, and brain-
derived neurotrophic factor (BDNF) have 
been commonly used for ASD  examination 
[9-11]. Further genome sequencing have 
led to the identification of several locus 
including AUTS1 to AUTS 18, CNTNAP2, 
SHANK3, CHD8, KIA044 and signaling 
proteins such as Rho family GTPases that 
are extensively associated with ASD [12]. 
Rho family GTPases are a group of small G 
proteins that acting as key regulators of the 
actin cytoskeleton transducing the upstream 

Abstract
Demonstrated no association between ASD and rs8028440 polymorphism of the CYFIP1 gene, which 
needs further studies in a larger population of ASD subjects to find the contribution of rs8028440 
polymorphism in CYFIP1 gene with ASD in Iranian patients.
Introduction: Given the importance of the Cytoplasmic FMR1 Interacting Protein 1 (CYFIP1 gene) in 
relation to neurodevelopmental abnormalities such as autism spectrum disorder (ASD), recognizing the 
interaction between single nucleotide polymorphisms (SNPs) of this gene in autism cases is important. 
In this study, we evaluated the probable association of rs8028440 polymorphism of the CYFIP1 gene 
with ASD disorder in Iranian subjects.
Methods and patients: The CYFIP1 gene were amplified with specific primers and the PCR products 
were digested with RsaI restriction enzyme to obtain the rs8028440 polymorphism in 100 ASD patients 
and 100 healthy control cases.  Finally, the samples were genotyped using direct sequencing to identify 
CC, CT, and TT genotypes. 
Results:  The Hardy-Weinberg equilibrium showed no significant deviation in the subjected population. 
According to our results, the frequency of the C allele was higher in ASD groups than in the control 
group. The full length of PCR was 662 bp and through RFLP‐PCR, normal genotype (C/C), heterozygote 
genotype (T/C), and homozygous genotype (T/T) was detected. Ten PCR products were sequenced and 
the corresponded alleles A/T and Y (C or T) were determined. It was revealed no significant difference 
was found between ASD subjects and controls with respect to the frequency of the rs8028440 gene 
allele.
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of 92/2-2.2. The number of samples was determined using the 
following Cochran formula (Equation 1): 
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Patients were diagnosed according to the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-IV, fifth edition), 
and accurate taking of the patient's history and psychological 
condition and then was introduced to the Avicenna Medical 
Genetic Laboratory (Tabriz, Iran). Control subjects were 
chosen from the general population with no psychiatric 
abnormality backgrounds based upon questionnaire 
responses and self-reporting. Two hundred of ASD subjects 
(aged under 15 years) were selected based on the inclusion and 
exclusion criteria and after signing the informed consent were 
entered in the examination. Fresh peripheral blood (5-3 ml) 
was obtained from subjects and was transferred to the falcon 
tubes (15 ml) containing 0.5 ml anticoagulant EDTA (0.5 M) 
and the samples were maintained at -20 °C. The subjects with 
other neurological and psychosocial disease such as fragile X 
syndrome were excluded from the study.

Genotyping
Genomic DNA was extracted from peripheral whole 

blood based on the salting-out principle [29]. The purity 
and yield of the extracted DNA were verified regarding the 
absorbance at A260/A280 ratio. Subsequently, polymerase 
chain reaction (PCR) was performed in a final volume of 25 
μL that contain ~ 100 ng of genomic DNA, 4 pmol/l of each 
primer (forward: 5 -̀ TCACCTCACTCTGTCGCTGG -3` and 
reverse: 5 -̀ CCAGTGCTTGCAGACTTCTTTC -3 )̀, 2.5 μL10x 
PCR buffer, 0.25 mM of each dNTP, 1.5 mM MgCl2, 2 units 
of SmarTaq DNA polymerase (Cinnagen, Iran), and 2.5 μL 
of Q solution. The profile of PCR cycling was as follows: an 
initial denaturation cycle at 95°C for 5 minutes; 35 cycles at 
95°C for 45 seconds, 63°C for 30 seconds, 72°C for 1 minutes, 
and a final extension at 72°C for 10 minutes was performed  
using Gene Amp@ PCR System 9700 (Applied Biosystem). The 
PCR products were digested with restriction enzyme, Rsa I, 
followed by 17h treatment at 37°C and the obtained fragments 
were visualized by 4% agarose gel electrophoresis. Finally, 10% 
of samples were randomly selected and subjected to Sanger 
sequencing for the detection of mutations.

Statistical analyses
Deviation from the Hardy–Weinberg equilibrium was 

checked through Fisher’s exact test in the studied SNP. 
The difference between the genotype and allele frequencies 
was obtained by Pearson’s χ2-tests. The p-value < 0.05 (two-
tailed) was statistically considered as a significant level. The 
distribution of genotype incidence was examined according 
to the genetic models (log-additive, over dominant, recessive, 
dominant, and Codominant) using the SNPassoc package 
of R version 3.2.0. Other statistical analyzes were carried 
out by means of R version 3.2.0. All statistical analyses were 
conducted through the Stata statistical package.

Results
The genotypic distributions of rs8028440 SNP examined in 

this study were in Hardy-Weinberg equilibrium (P>0.05, Table 
1) which confirmed no deviation in the subjected population. 

signals to downstream effectors in a plethora of cellular 
processes like cell growth, differentiation, adhesion, and 
migration. Rho GTPases proved to have an essential role in 
various neuronal morphology and disfunction particularly 
ASD [13-16]. Moreover, according to the ASD-related 
genes databases e.g., Simon’s foundation autism research 
initiative (SFARI), RhoGEFs, RhoGAPs, and Rho effectors 
have been suggested as ASD risk genes. These genes are 
directly participated in signaling pathways mediated by Rho 
GTPases and encode three major categories of regulatory 
proteins including Ras homolog family member A (RhoA), 
Ras-related C3 Botulinum Toxin Substrate 1 (Rac1), and cell 
division cycle 42 (Cdc42). Accordingly, Cytoplasmic FMR1 
Interacting Protein (CYFIP1) as a Rho GTPase E effector 
and its association with neural evolutionary abnormalities 
have gained a great amount of attention [17]. CYFIP1 is a 
Rac1-interacting protein coded by CYFIP1 gene located at 
15q11-q13 and is identified to be contributed with the WAVE 
regulatory complex which regulates actin filament associated 
with autism  [18,19]. Several studies have revealed that patients 
with neurodevelopmental disease including ASD, attention-
deficit/hyperactivity disorder (ADHD), internal disability 
(ID), schizophrenia (SCZ), and obsessive-compulsive 
disorder (OCD) microdeletions, represent a microdeletions at 
15q11.2 and microduplications between breakpoints first and 
second breakpoints [20-22]. In a study of patients with High-
functioning autism (HFA), several  rare variants of paternally 
inherited CYFIP1 have been identified in autistic patients with 
a de novo SHANK2 deletion  [23,24]. Additionally, single 
nucleotide polymorphisms (SNPs) in CYFIP1 were stated 
to be correlated with ASD in a couple of studies [25,26]. An 
investigation on the expression of CYFIP1 mRNA in the human 
dorsolateral prefrontal cortex showed increased levels of 
CYFIP1 expression in ASD and classical autism patients along 
with identification of  several common variants of CYFIP1 
in these patients [27]. In a recent investigation, a substantial 
increase in CYFIP1 transcript levels were recognized by 
examination of peripheral blood samples of ASD subjects 
[28]. All these clinical outcomes have revealed that the altered 
levels of CYFIP1 could contribute the pathology of ASD. 
CYFP1 is broadly expressed in multiple cells except liver cells 
during tissue development with an enhanced expression level 
in cerebral cortex, hippocampus, olfactory bulb, cerebellum, 
and lateral septum in the adult brain. The mentioned features 
describe CYFIP 1 as an autism associated gene with increased 
expression levels in the patients. Given the importance of 
the CYFIP1 gene in neurodevelopmental abnormalities such 
as ASD, providing an effective recognition method for high 
throughput detection of CYFIP1 polymorphism that plays 
an important role in early detection of ASD. Transmission 
disequilibrium test and odds ratios analysis have identified 
several SNPs including rs8028440, rs2289823, rs7403800, and 
rs3751566 of CYFIP1, which are associated with ASD. In this 
regard, the main purpose of presented study was to compare 
the incidence of rs8028440 polymorphism in autism patients.

Patients and methods

Subjects
This study was a case-control investigation and was 

approved by the Regional Ethics Committee of Tabriz 
University of Medical Sciences (Tabriz, Iran) by the number 
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HWE All Control Case P value
rs8028440 0.229097 0.295662 0.748962 0.5

Gene (SNP) Subjects
Genotype frequencies (%)

p
Allele frequencies (%)

OR (95% CI) p
C/C C/T T/T C T

CYFIP1 
(rs8028440)

Autism  
(N=100) 66(66%) 30(30%) 4(4%)

0.2366
81(81%) 26(26%)

0.57(0.76-0.38) 0.5
Control 
(N=100) 57(57%) 34(34%) 9(9%) 79(79%) 19(19%)

Control % Case % OR lower upper p-value
Codominant
C/C 57 57 66 66 1 0.2366
C/T 34 34 30 30 0.76 0.42 1.4
T/T 9 9 4 4 0.38 0.11 1.31
Dominant
C/C 57 57 66 66 1 0.1905
C/T-T/T 43 43 34 34 0.68 0.39 1.21
Recessive
C/C-C/T 91 91 96 96 1 0.1466
T/T 9 9 4 4 0.42 0.13 1.42
Over dominant
C/C-T/T 66 66 70 70 1 0.5442
C/T 34 34 30 30 0.83 0.46 1.51
log-Additive
0,1,2 100 50 100 50 0.69 0.43 1.09 0.106

Table 1. Results of Hardy Weinberg equilibrium (HWE) using chi square test.

Table 1. Genotype distribution and allele frequencies in autism and control groups

Table 3. Analysis of Genotype and allele distributions of rs8028440 of CYFIP1 gene in autism and control groups

Figure 1. BsaI PCR‐RFLP results of the rs8028440 polymorphism. DNA ladder (50bp); Lane1, 2,5,6,8, are CC; Lane 3 is TT, and Lane 4, 7 are 
GG genotypes.
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The allele frequency of rs8028440 SNP in both control and 
autism subjects are explained in the Table 2. According to the 
results, frequency of the C allele was boosted in autism groups 
than control.  The result of restriction enzymes on the 4% gel 
electrophoresis is demonstrated in Figure 1. The full length of 
PCR product was 662 base pairs (bp) and normal genotype 
(C/C), heterozygote genotype (T/C) and homozygous genotype 
(T/T) were detected through RFLP‐PCR. After digestion with 
RsaI, homozygous allele C represented two bands (345 and 
297bp), the homozygous allele T presented two bands of 317 
and 345 bp, and heterozygote genotype C/T with three bands 
(345, 317, 297 bp). Ten PCR products were further analysis 
of CYFIP1 with Sanger's sequencing method (Figure 2). 
The arrow corresponds to alleles A/ T and Y represents the 
polymorphism sites. Table 3 reveals no significant difference 
between autism subjects and control samples with respect to 
gene allele frequencies of rs8028440.

Disscusion
TASD is a genetically heterogenic neurodevelopmental 

disorder featured by deficits in social communication including 
restrictive and repetitive behaviors. Regarding the common 
symptoms and features of neurodevelopmental abnormalities, 
fast and early detection of ASD has become a major challenge. 
Hence, a demand for developing accurate bioanalytical 
approaches for further illumination of the ASD underlying 
molecular mechanism and pathways has been stressed. It has 
been reported that the 15q11-13 chromosomal region is mainly 
involved in most ASD abnormalities due to the presence of 
various chromosomal breakpoints and internal duplications. 
Duplications of these regions lead to cognitive and behavioral 
problems, limited speaking skills, and a higher propensity to 
develop severe ASD symptoms. A great amount of attention 
has been focused on a detailed analysis of the CYFIP1 gene 
due to its potential involvement in the etiology of ASD. Over-
expression of CYFIP1 and 15q duplication regulates the 
formation and functionalization of the dendritic spine in the 
wave regulatory complex during actin polymerizationb[30]. 
Consequently, the process affects the translation of synaptic 
proteins through interaction with fragile X mental retardation 
protein (FMRP). Indeed, dysregulation of ASD susceptibility 
genes such as mTOR signaling accounts for abnormal neuronal 
morphology and intellectual disabilities [31].

Based on the association of CYFIP1/2 and central nervous 

system disorders such as ASD, Norozi et al. in 2018 confirmed 
the significant overexpression of CYFIP1/2 in ASD patients in 
comparison with healthy subjects. They have demonstrated 
significant overexpression of the CYFIP1/2 gene in the ASD 
group compared with healthy subjects using Real-time PCR 
analysis.  In addition, a correlation between age and ASD 
intensity was reported in this case. These results confirmed the 
role of CYFIP1/2 in the pathogenesis of ASD and its potential 
as an ASD diagnosis marker [28].

According to the genotyping data and mRNA expression 
analysis from the SNPs database, seven variants of to CYFIP1 
alleles were identified in which four of these SNPs, including 
rs8028440, rs2289823, rs7403800, and rs3751566 posse greater 
prevalence due to their high‐expression levels [27]. In this study, 
we investigated an identical genetic variation of rs8028440 
polymorphism in CYFIP1, which to the best of our knowledge, 
has not been investigated prior. Based on our results, the 
probability of rs8028440 polymorphism incidence was mainly 
related to the gender of patients and its occurrence in females 
was more than that of males. The P-value (p = 0.106) and OR 
(0.69) analysis indicated that rs8028440 polymorphism was 
not directly associated with any ASD occurrence under any 
of the examined genetic models. It has to be noted that our 
results are relative to a restricted population of subjects and 
generalization of these findings must be validated on a larger 
population.

The association between SNPs within several genes and 
the risk of ASD in different populations was determined. 
The association between SNP rs1009153 of CYFIP1, SNP 
rs7170637, and SNP rs3796863 of CD38 has been broadly 
investigated in Han Chinese [32], German [25], and American 
[33] populations of ASD and SCZ, respectively. Sayyad et.al 
in 2017 investigated the association between two functional 
polymorphisms (rs11639084 and rs4774388) in the retinoic 
acid-related orphan receptor-alpha (RORA) gene of Iranian 
subjects ASD through tetra primer-amplification refractory 
mutation system PCR. Based on their investigation results, no 
significant differences between SNP rs11639084 frequencies 
between patient and control groups were reported. However, 
the T allele frequencies and TT genotype of rs4774388 were 
significantly high in patients than in control subjects, which 
were associated with ASD risk in the dominant inheritance 
model. Ultimately, these findings have suggested the role of 
the RORA gene in the pathogenesis of ASD in the Iranian 

Figure 1. Examples of RFLP-PCR product of CYFIP1 gene. (A) TT genotype, (B) CC genotype and (C) T/C genotype for polymorphism of 
rs8028440.
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population [34]. Moreover, contribution of SNPs in the insulin 
receptor substrates including rs1801123 of IRS1, and rs4773092 
of IRS1/ IRS2 with ASD risk was carried out by Park et.al in 
2016. Accordingly, direct sequencing of 180 Korean male 
ASD cases and 147 control cases indicated the involvement of 
rs1801123 in IRS1 and ASD in additive and dominant models. 
In addition, the association between rs1801123 and ASD was 
determined based on the allele frequency analysis [35].

ASD as a multifactorial disorder is mainly incorporated 
with both genetic variations and environmental factors and 
precise illumination of underlying molecular factors in ASD 
development along with providing novel comprehensive 
strategies for accurate and early detection of ASD is still the 
subject of most researches. In addition, providing a detailed 
map of genetic variations in ASD could enable early detection 
of high-risk patients for treatment and increasing their quality 
of life [36]. Recently, machine learning has been widely used to 
derive accurate predictive ASD model from autism databases 
[37]. Bioanalysis of ASD with respect to role of genetics could 
open new powerful windows to categorize the autism risk genes. 
Although, genetic information of ASD has been prosperously 
produced based on the massive genetic studies. However, these 
studies are costly and slow moving, highlighting the necessity 
of providing efficient approaches for identification of putative 
ASD risk genes. In this regard, Brueggeman et.al in 2020 tried 
to discover new ASD risk genes using genome-scale data and 
involvement of each gene in the etiology of ASD [38].

In conclusion, we conducted our research in Iranian 
ethnic population, to investigate the frequency of rs8028440 
polymorphism of CYFIP1 gene among 100 autism and 100 
control cases. We found that the incidence of C alleles was 
more than the frequency of the T allele in healthy and ASD 
cases. Although, in the previous studies association between 
rs8028440 polymorphism of CYFIP1 gene was reported but 
our result was contradictory. Therefore, further investigations 
are necessary to find the role of CYFIP1 gene polymorphisms 
in the etiology of ASD along with identifying the predictor and 
comprehensive gene network in ASD cases.
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