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Introduction: Parkinson Disease (PD), the second most common chronic neurodegenerative 
disorder, is characterized by tremor, bradykinesia, rigidity, and postural instability. SHANK3 
(SH3 and multiple ankyrin repeat domain 3) belongs to the extremely conserved ProSAP/ 
Shank family of synaptic scaffolding proteins. Meanwhile, rs9616915 is a non-synonymous 
SNP (T>C) located in the exon 6 of the SHANK3 gene, which induces substitution of isoleucine 
to threonine and affects the function of the resulted protein. The present study aimed to evaluate 
whether rs9616915 polymorphism of SHANK3 is involved in the susceptibility to PD.

Methods: The study subjects were 100 patients diagnosed with PD and 100 control volunteers. 
The obtained samples were evaluated by the polymerase chain reaction-restriction fragment 
length polymorphism method.

Results: A significant association was found in genotype distribution between cases and 
controls. Individuals with TC genotype had increased risk of PD (P=0.035, OR=1.98, 95% 
CI=1.04 - 3.74). No significant difference was found in allele distribution (P=0.7).

Conclusion: The findings suggest that the SHANK3 rs9616915 polymorphism is associated 
with an increased risk of PD in the population. Further studies are needed to confirm the role 
of the SHANK3 gene in PD.
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1. Introduction

arkinson Disease (PD), the second most 
common chronic neurodegenerative disor-
der in aging people, affects 1%–2 % of the 
population over 60. It is characterized by 
tremor, bradykinesia, rigidity, and postural 
instability, leading to falling and injury 
(Schapira, 1999). Loss of dopaminergic neu-

rons and lower brain dopamine activity in PD patients 
has been reported in pathological investigations (Shannak 
et al., 1994). The progressive degeneration of dopaminergic 
neurons in the substantia nigra leads to motor impairment 
and the manifestation of disease symptoms (Frenklach, 
Louie, Koop, & Bronte-Stewart, 2009). This may ex-
plain why dopaminergic therapy can improve the tremor 
and rigidity in PD patients (Rothermel & Garcia, 1972). 
Although it has been shown that synaptic defects are in-
volved in PD, the exact mechanism is still unknown.

SHANK3 (SH3 and multiple ankyrin repeat domain 3) 
is one of the most promising genes involved in neuronal 
function. SHANK3 protein is a vital scaffolding protein 
of the Postsynaptic Density (PSD) of excitatory gluta-
matergic synapses in the Central Nervous System (CNS) 
(Kreienkamp, 2008). The gene is located on chromo-
some 22q13.3, spans about 58 kb, and comprises 24 
exons, 7 of which are alternatively spliced (Durand et 
al., 2007). The product of SHANK3 gene expression is 
a large protein containing diverse domains such as an 
ANK repeat, a proline-rich cluster, SH3, PDZ, and SAM 

(sterile a-motif) (Kreienkamp, 2008). This molecule di-
rectly or indirectly interacts with cytoskeletal proteins 
and neurotransmitter receptors. It is also involved in 
the formation, expansion, and development of dendritic 
spines and is an essential factor for developing func-
tional synapses (Roussignol et al., 2005). Different mu-
tations in the sequence of the SHANK3 gene may disrupt 
the structure and function of gene domains (Mameza et 
al., 2013), and the resulting variants may be associated 
with various brain disorders. Non-synonymous/frame-
shift and deletion/duplication mutations in SHANK3 
have been detected in PD patients (Wilson et al., 2003). 
It has been reported that a non-synonymous polymor-
phism named rs9616915 (T>C) may occur in the exon 6 
of the SHANK3 gene, which induces an amino acid re-
placement, i.e. isoleucine to threonine. This alteration di-
rectly affects the gene function of splicing regulation and 
results in protein structure damage (Shao et al., 2014). In 
this study, we aimed to evaluate the association between 
(rs9616915) SHANK3 polymorphism and susceptibility 
to Parkinson disease in people living in the north of Iran. 

2. Materials and Methods

2.1. Patients and controls

A total of 100 patients with PD (76 males) and 100 
healthy controls participated in the study. The controls 
and patients were unrelated subjects selected from the 
same population living in Guilan Province, north of 
Iran. The patients’ characteristics were collected from 

Highlights 

● The SHANK3 rs9616915 polymorphism is associated with an increased risk of PD.

● Individuals with TC genotype were at higher risk of developing PD.

Plain Language Summary 

Parkinson's Disease (PD) is the second most common chronic neurodegenerative disease of aging people that affects 
1–2% of the population over 60. It is well known for tremor, rigidity, and postural instability, often leading to falling 
and injury. People with PD are especially susceptible to hip fractures with a 3.2-fold greater risk than other people. 
It has been shown that some genes and their variations have a crucial role in disease recognizing. Previous studies 
have shown that a gene called SHANK3 and its variations play an important role in susceptibility to some neurode-
velopmental disorders, which led us to hypothesize that functional polymorphisms within the SHANK3 gene might 
be linked to susceptibility to PD. To our knowledge, this is the first genetic variation study on the association between 
the SHANK3 gene, its polymorphic regions, and the risk of PD. Our results of a case-control study in the north of Iran 
showed that a SHANK3 gene variation called rs9616915 is associated with an increased risk of PD, and individuals 
with TC genotypes were 1.9-fold at a higher risk of developing the disease. Further studies are needed to confirm the 
role of the SHANK3 gene in PD.
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Iran Medical Diagnostic Center in Rasht City, Iran. The 
subjects’ age ranges between 60 and 80 years. The par-
ticipants were investigated in terms of having certain 
genetic diseases in close relatives. Also, they would be 
excluded from the study if they had a history of any other 
neurological disorder, acquired brain injury, or severe 
mental illness. Each subject gave a 2-mL blood sample 
drawn into Ethylenediaminetetraacetic Acid (EDTA)-
coated tubes (Venoject, Belgium) for the next step of ge-
nomic DNA extraction. The local Ethics Committee has 
approved this study, and written consent was obtained 
from all participants. 

2.2. Genotyping

Genomic DNA was extracted from whole-blood sam-
ples using DNA Extractor Gpp Solution Kit (Gen Pajoo-
han, Iran) according to the manufacturer’s instructions. 
The intended SNP (rs9616915 in the SHANK3 gene) was 
evaluated by polymerase chain reaction-restriction frag-
ment length polymorphism assay. Primer sequences for 
PCR reactions were 5’-GCTTGACACCCCTCTACCA 
-3’ (forward) and 5’ -TCTGCCCCATAGAACAGC-3’ 
(reverse). PCR reactions were performed in a total vol-
ume of 25 µL and consisted of an initial denaturation 
step at 95°C for 5 min followed by 30 cycles of dena-
turation at 95°C for 30 s and annealing at 55°C for 30 s. 
PCR products were subsequently digested by restriction 
enzyme hphl. After endonuclease digestion, products 
were separated on 2% agarose gel electrophoresis and 
visualized by ethidium bromide staining.

2.3. Statistical analysis

Statistical analysis was performed by MedCalc (ver-
sion12.1, Mariakerke, Belgium). Analysis of differences 
in allele and genotype frequencies between cases and 
controls was done using the χ2 test. To estimate the as-
sociation between the SHANK3 rs9616915 variant and 
the risk of Parkinson disease, the odds ratios with 95% 
confidence intervals (95% CI) were evaluated by logistic 
regression. A value of P<0.05 was considered statisti-
cally significant. 

3. Results

Two hundred subjects, including 100 patients with Par-
kinson disease and 100 healthy volunteers as the control 
group, were evaluated in the study. The Mean±SD age of 
the cases at the time of diagnosis was slightly more than 
the control group (72.5±2.6 vs. 70.2±2.1 years, respec-
tively), but the difference was not statistically significant 
(P>0.05). Genotyping of rs9616915 was done by PCR–

RFLP method (Figure 1). Genotype frequencies for CC, 
TC, and TT were 33%, 50%, and 17% in controls, and 
24%, 72%, and 4% in PD patients, respectively. Statisti-
cal analysis showed a significant difference between the 
two groups (P=0.001). The results indicated that the sub-
group with TC genotype had an increased risk of Parkin-
son disease (P=0.035, OR=1.98, 95% CI=1.04 - 3.74). All 
information about allele and genotype frequencies and as-
sociated ORs (95% CI) for cases and controls are summa-
rized in Table 1. Besides, as most of our cases were male 
subjects (76 out of 100), we re-analyzed the data again for 
male cases. After removing the female genotypes from our 
population, the statistical analysis revealed that the results 
are consistent with females. The individuals with TC gen-
otype had an increased risk of Parkinson disease (P=0.029, 
OR=2.17, 95% CI=1.08 – 4.37) (Table 2). 

4. Discussion

In this case-control study, we evaluated the relationship 
between rs9616915 polymorphism of SHANK3 gene and 
Parkinson disease in 100 cases and 100 control subjects. 
Our results showed a significant association in genotype 
distribution between cases and controls. Individuals with 
TC genotype were at higher risk (1.9 fold) of developing 
PD than other genotypes.

SHANK3 is a member of the highly conserved ProSAP/
Shank family of master synaptic scaffolding proteins 
(Qualmann, Boeckers, Jeromin, Gundelfinger, & Kes-

Figure 1. Detection of SHANK3 gene polymorphism by 
polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) using hph1 restriction enzyme 

Lane 1, fragments showing genotype for heterozygous pa-
tients; lane 2, fragments indicating the TT genotype for the 
wild type homozygous patient; Lane 3, fragments present-
ing the CC genotype for the homozygous mutant patient; 
M= 50 bp DNA marker.
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sels, 2004; Bozdagi et al., 2010). The reduced expres-
sion of SHANK3 results in the attenuation of the number 
of dendrites and synaptic transmission and plasticity. 
Malfunctions of synaptic transmission might result in 
brain disorders such as epilepsy, autism, Alzheimer, and 
Parkinson disease (Lepeta et al., 2016). It has been 
shown that the loss of SHANK3 in in vitro cultures of 
hippocampal neurons may decrease the number and aug-
mented length of dendritic spines. In contrast, expres-
sion of SHANK3 could induce the formation of de novo 
functional dendritic spines in aspiny cerebellar neurons 
(Roussignol et al., 2005).

Moreover, the absence of one copy of the SHANK3 
gene or its mutations could result in changes in spine 
morphology and behavioral issues related to autism 
traits such as deficits in social communication, social 
interaction, and repetitive actions (Bangash et al., 2011; 
Durand et al., 2012). Accomplished studies about this 
gene have indicated that genetic variations of SHANK3 

play an essential role in susceptibility to many kinds of 
neurodevelopmental disorders. Meanwhile, rs9616915 
polymorphism is a non-synonymous substitution from 
isoleucine to threonine in the exon 6 of SHANK3, which 
could interfere with the gene function via affecting the 
splicing process (Shao et al., 2014). Previous studies 
have reported its functional involvement in hippocam-
pal mRNA expression of SHANK3 (Zhang, Wu, Hong, 
Peng, & Fang, 2016). In a case-control study in China, 
it was reported that rs9616915 polymorphism is asso-
ciated with decreased risk of Autism Spectrum Disor-
ders (ASD) (Shao et al., 2014). However, other studies 
have not found an association between rs9616915 and 
ASD (Qin et al., 2009; Sykes et al., 2009; Jonsson et al., 
2014). In another study, Mashayekhi, Mizban, Bidabadi, 
and Salehi (2016) reported that rs9616915 is accompa-
nied by a higher risk of ASD.

The inconsistency may be related to different environ-
mental conditions, relatively small sample size, varia-

Table 1. Allele and genotype frequencies of SHANK3 rs9616915 polymorphism among cases and controls and the associations 
with risk of Parkinson’s disease (n = 100)

Allele and Genotype Frequencies
NO. (%)

OR (95% CI) Pa Pb

Controls Patients

Alleles
C 116 (58) 120 (60) 1.00 0.76 -

T 84 (42) 80 (40) 0.92 (0.61- 1.37) - 0.684

Genotypes

CC 33 (33) 24 (24) 1.00 0.001 -

TC 50 (50) 72 (72) 1.98 (1.04 – 3.74) - 0.035

TT 17 (17) 4 (4) 0.32 (0.09 – 1.08) - 0.067

TT + TC vs CC 67 (67) 76 (76) 1.55 (0.83 – 2.89) - 0.16

aAllele and genotype frequencies in cases and controls were compared using χ2 test; bSignificance level for allele and genotype 
frequencies in cases and controls.

Table 2. Genotype frequencies of SHANK3 rs9616915 polymorphism among male cases and controls and the associations with 
risk of Parkinson’s disease

Genotypes
Controls (n = 100) Patients (n = 76) 

OR (95% CI) Pa Pb

n (%) n (%)

CC 33 (33) 17 (22) 1.00 0.002 -

TC 50 (50) 56 (74) 2.17 (1.08 – 4.37) - 0.029

TT 17 (17) 3 (4) 0.34 (0.08 – 1.33) - 0.122

a Allele and genotype frequencies in cases and controls were compared using χ2 test; bSignificance level for allele and genotype 
frequencies in cases and controls.
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tions in diagnostic criteria of the disorder, and diverse 
ethnicity. For example, it has been stated that the C allele 
frequency is 48.1% in the European population while 
it is 3.5% among Han Chinese people (Zhang et al., 
2016). In other brain disorders, it has been shown that 
the synaptic dysfunction and loss of glutamate receptors 
at the Shank-postsynaptic platform could contribute to 
Alzheimer disease (Gong, Lippa, Zhu, Lin, & Rosso, 
2009). A significant association between SHANK3 varia-
tion and Phelan-McDermid syndrome has also been re-
ported (Bonaglia et al., 2011). Moreover, mutations in 
the SHANK3 gene are associated with schizophrenia 
(Gauthier et al., 2010). This mutation in bipolar disorder 
has also been investigated in previous studies (Zhang 
et al., 2016). These findings led us to hypothesize that 
a functional polymorphism within the SHANK3 gene 
might be linked to susceptibility to Parkinson disease. 
To our knowledge, this is the first study evaluating the 
association between SHANK3 gene polymorphism and 
the risk of Parkinson disease. However, it should be 
mentioned that this study has some limitations. We have 
only evaluated one SNP in the SHANK3 gene, which is 
not adequate to assess the risk of Parkinson disease in 
a subject, and many other genes and SNPs may also be 
involved in the risk of disease. Besides, our sample size 
was not so large, and further studies with larger sample 
sizes are needed in the future to confirm the role of the 
SHANK3 gene in Parkinson disease.

5. Conclusion

In conclusion, our results indicated that the SHANK3 
rs9616915 polymorphism is associated with an increased 
risk of Parkinson disease. Further studies with more pa-
tients and controls are required to confirm our results.
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