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Abstract. The possible genetic variants associated with 
blepharospasm (BSP) and facial dystonia have been investi‑
gated. Although genetic variants associated with BSP have 
been extensively studied, the contribution of single‑nucleotide 
polymorphisms towards this condition remains poorly under‑
stood. In addition, the etiology of BSP remains to be fully 
elucidated. Therefore, the present study aimed to assess the 
role of polymorphisms in the torsin 1A (TOR1A), dopamine 
receptor D (DRD)2 and DRD5 genes in South Korean patients 
with BSP. Furthermore, the role of genetic variants of these 
three aforementioned genes was investigated. A prospective 
case‑control study was established, where 56 patients with BSP 
and 115 healthy controls were recruited at the Department of 
Ophthalmology of CHA Bundang Medical Center (Seongnam, 
South Korea) using single nucleotide polymorphisms 
analysis by real‑time PCR. The TOR1A rs1182CC/DRD5 
rs6283TC genotype combination was found to be associated 
with decreased BSP risk [adjusted odds ratio (AOR), 0.288; 
P=0.013]. DRD5 rs6283 was observed to be associated with 
the periocular type of BSP in the co‑dominant (for the TC 
genotype; AOR, 0.370; P=0.029) and dominant models (AOR, 
0.406; P=0.029). The recessive model of TOR1A rs1801968 
(AOR, 0.245; P=0.030), and the recessive (AOR, 0.245; 
P=0.029) and over‑dominant models (AOR, 2.437; P=0.019) 
of DRD2 rs1800497 were found to be associated with superior 
responses to botulinum neurotoxin A (BoNT) treatment. By 
contrast, dominant (AOR, 0.205; P=0.034) and additive (AOR, 
0.227; P=0.030) models of DRD5 rs6283 were associated 
with poor responses to BoNT treatment. To conclude, these 
results suggested that DRD2 rs1800497 can confer genetic 
susceptibility to BSP responses to BoNT treatment, whereas 
the TOR1A rs1182CC/DRD5 rs6283TC genotype combination 

appeared to contribute to the association with BoNT efficacy 
in BSP.

Introduction

Blepharospasm (BSP) is the most common form of focal 
dystonia that involves the periocular muscles. It causes invol‑
untary forceful eyelid closure and functional blindness (1). 
Unlike other forms of focal dystonia, the pathophysiology of 
BSP can readily spread to other body parts (2), causing dystonia 
in the eyes, and lower facial and masticatory muscles  (3). 
Meige syndrome is characterized by the combined presence 
of BSP and oromandibular dystonia (4). Evidence suggests 
that both genetic and environmental factors can contribute 
to BSP (5). The prevalence of BSP in various populations 
was reported to range between 12 and 133 cases per million 
between 1976 and 1995. However, BSP is more common in 
women compared with men, with a male:female ratio of 1:2.3 
in Chinese patients (6).

Regarding the epidemiology of BSP, a previous nationwide 
Taiwanese study reported that the mean annual incidence was 
0.10%, with the peak incidence in the 50‑59 years age group 
(0.19%) (7). In addition, the prevalence of BSP in the general 
population was found to be 1.2‑13 in 100,000 according 
to another previous Korean study (8). Because the clinical 
features of BSP are inconsistent and the etiology of BSP is 
multifactorial, to the best of our knowledge, there is currently 
no cure for BSP. Treatments for BSP include botulinum 
neurotoxin A (BoNT‑A) injection, oral medication such as 
benzodiazepine and surgical intervention like myectomy (4). 
Although BoNT‑A injection is efficacious and has no clini‑
cally significant long‑term side effects caused by the impaired 
neural transmission (9), treatment response varies and repeat 
injections are needed (9). Furthermore, it remains difficult to 
predict the response to BoNT‑A, since patients with apraxia 
of eyelid opening can respond poorly to BoNT‑A injec‑
tions (10,11). Such patients typically require surgery to restore 
ocular functionality (10).

A number of previous studies have searched for genetic vari‑
ants associated with BSP and dystonia (12,13). Whole‑exome 
sequencing of 31 patients with BSP in the US from 21 indepen‑
dent pedigrees suggested potential roles of several genes in the 
pathogenesis of BSP, including calcium voltage‑gated channel 
subunit α1A, receptor accessory protein 4 (REEP4), torsin 
2A (TOR2A), sarco/endoplasmic reticulum Ca2+‑ATPase 
and other deleterious variants, including G protein subunit 
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alpha 14, HCLS1 binding protein 3 and neurofilament heavy 
chain (12). Genetic screening studies have also been previously 
performed to elucidate associations between genetic variants 
and BSP. Among 20 Chinese patients with BSP, screening of 
151 genes associated with movement disorders revealed that 
spectrin repeat containing nuclear envelope protein 1 (SYNE1) 
and Cip1‑interacting zinc finger protein (CIZ1) mutations can 
contribute to BSP (6). Another study of 132 mainly Caucasian 
patients with BSP previously suggested that all exonic variants 
of guanine nucleotide‑binding protein G(Olf) subunit α, CIZ1 
and TOR2A may be benign, whereas there may be two REEP4 
non‑synonymous single‑nucleotide variants (SNVs) (13). In 
addition, a recent case‑control study of 78 Chinese patients 
(53 with BSP and 25 with Meige syndrome) and 96 healthy 
individuals revealed that exonic variants of TOR1A and 
THAP domain‑containing protein 1 (THAP1) can contribute 
to the etiology of BSP and Meige syndrome (14).

TOR1A mutations have previously been found to be present 
in patients with early‑onset torsion dystonia (15) and have been 
associated with late‑onset focal, segmental and multifocal 
dystonia, including BSP, oromandibular dystonia and Meige 
syndrome (16‑18). A previous case‑control study revealed an 
association between the rs1182 variant of TOR1A and the risk 
of spread in BSP (19). By contrast, the results of another study 
suggested that rs2296793, rs1182, mitochondrial DNA deletion 
of Dystonia 1 (DYT1) and a three‑nucleotide deletion (ΔGAG) 
variant of TOR1A were not associated with BSP (16,17). Two 
different case‑control series of allelic association study previ‑
ously focused on the role of polymorphisms in dopamine 
receptor D (DRD) and transporter genes, which revealed 
that polymorphisms in the DRD5 gene were associated with 
75 BSP patients (16,20). Although a screening test indicated 
that the DRD2 gene does not contribute to BSP (6), decreased 
DRD2 binding activity and expression in the striatum have 
previously been identified in patients with TOR1A‑related 
dystonia  (21,22). Furthermore, DRD2 variants have been 
previously found to be associated with cervical dystonia, high‑
lighting the importance of DRD2 in motor control (23,24).

Several studies have revealed genetic risk factors for 
dystonia and BSP (25‑28). Based on the associations with 
dystonia, if there is existing evidence of dopaminergic 
involvement in dystonia, then the role of genetic variations 
in dopamine‑related genes could be investigated in BSP (16). 
Certain forms of dystonia, including those affecting the face 
and eyes, may respond to dopaminergic medications  (20). 
Investigating the function of genetic factors in the dopa‑
minergic pathway may reveal the reason for variations in 
clinical responses to dopaminergic medications, providing 
insights into the possibility of individualized treatment 
approaches. However, such studies have not been able to 
produce consistently reproducible results, implying variability 
in the architecture of BSP genetics (28,29). To the best of our 
knowledge, there remains a lack of genetic research involving 
Asian populations with BSP, except in China (6). Therefore, 
the present study explored the possible association between 
genetic variants and BSP in a Korean population.

Although there is accumulating evidence suggesting 
that gene alterations may lead to BSP and extensive data 
concerning pathogenic variants in BSP already exist (6,12‑14), 
the contributions of single‑nucleotide polymorphisms (SNPs) 

in BSP remain poorly understood. Notably, results tended 
to differ according to ethnicity (6,16), rendering the role of 
genetic variants in the risk for BSP unclear. Therefore, hypoth‑
eses or clinical observations may suggest a role for dopamine 
dysregulation in the etiology of BSP. As there is reason to 
suspect dopamine involvement in BSP, exploring the genetic 
underpinnings of the dopaminergic pathway may prove benefi‑
cial for understanding the pathophysiology of BSP. In addition, 
identifying genetic factors in the dopaminergic pathway may 
contribute to the development of personalized treatment 
strategies for each patient with BSP.

In the present study, the roles of TOR1A, DRD2 and DRD5 
SNPs in South Korean patients with BSP were assessed, which 
were selected based on major allele frequency and previous 
association studies (Tables SI and SII). In addition, the asso‑
ciations among symptoms, treatment response to BoNT‑A and 
genetic variants were investigated.

Materials and methods

Participants and clinical evaluations. In the present prospec‑
tive case‑control study of South Korean individuals, peripheral 
blood samples of 56 patients with BSP (7 men and 49 women; 
mean age, 64.1±12.6 years) and 115 healthy controls (23 men and 
92 women; mean age, 60.8±12.1 years) who came for check‑ups 
at the outpatient clinic were collected from the Department of 
Ophthalmology at CHA Bundang Medical Center (Seongnam, 
South Korea) between March 2021 and May 2022. Patients 
with BSP were diagnosed by an ophthalmologist. The inclu‑
sion criterion was the diagnosis of primary BSP  (1). The 
exclusion criterion was secondary BSPs, such as those caused 
by mass lesions, trauma or exposure to neuro‑substances. The 
‘controls’ were age‑matched individuals who did not have any 
periocular muscle dystonia. All study protocols were reviewed 
and approved by the Institutional Review Board of CHA 
Bundang Medical Center (approval no. CHAMC 2020‑10‑012; 
Seongnam, South Korea). Genotype frequencies in the patients 
with BSP were analyzed based on periocular manifestations, 
such as involuntary forceful facial muscle contraction. BSP was 
classified as periocular dystonia (dystonia located only around 
the eyes) or wide‑spread dystonia (contractions affecting the 
face, as well as regions around the eyes) (1).

Patients with BSP were treated with an injection of 2 U/0.1 
cc BoNT‑A (onabotulinumtoxin A, BOTOX®; Allergan; 
AbbVie, Inc.) except for 5 patients, who requested observation. 
The mean BoNT‑A injection dose among the patients with 
BSP was 0.8±0.2 cc. Clinical outcomes were evaluated using 
the Jankovic rating scale (30) or changes in injection dose. 
Both frequency scores and severity scores were >3 points for 
all patients. Good responders were patients who improved to 0 
or 1 on the rating scale and maintained the same injection dose 
at the next injection as that applied at the initial injection. Poor 
responders were patients who exhibited >2 points on the rating 
scale at the initial injection, along with an increase of 50% in 
the BoNT‑A dose at the next injection (31).

Analysis of peripheral blood. To measure physiological 
parameters, including electrolytes, 3 ml blood was collected 
after an overnight fast. Plasma glucose levels were measured 
in duplicate using the hexokinase method on an automated 
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analyzer (Cobas® C 702; Roche Diagnostics). High‑density 
lipoprotein cholesterol (HDL‑C) levels were measured using 
an enzymatic colorimetric method with commercial reagents 
(TBA 200FR NEO; Canon Medical Systems Corporation), and 
total cholesterol and blood urea nitrogen were also measured 
using commercial enzymatic colorimetric tests (Cobas® C 702; 
Roche Diagnostics). Prothrombin and activated partial throm‑
boplastin times were measured using an ACL TOP automated 
photo‑optical coagulometer (LSI Medience Corporation).

Genetic analysis. Genomic DNA (gDNA) was extracted 
from peripheral blood leukocytes using a GDEX II gDNA 
Extraction kit (Intron Biotechnology, Inc.). All genetic poly‑
morphisms were determined by PCR‑restriction fragment 
length polymorphism (PCR‑RFLP) analysis and TaqMan 
allele discrimination analysis, using the isolated gDNA as 
the template. The PCR‑RFLP primers used were as follows: 
TOR1A rs1182 C>A forward, 5'‑CAA​CAA​CTT​AGA​ATC​TGA​
GCA​GTC​TCT​C‑3' and reverse, 5'‑ATG​TGA​CAG​GAA​TTC​
TCC​CTG​G‑3'; and DRD2 rs1800497 G>A forward, 5'‑AGC​
ACC​TTC​CTG​AGT​GTC​ATC​AAC‑3' and reverse, 5'‑TGT​
GCA​GCT​CAC​TCC​ATC​CT‑3' (annealing at 58˚C) by using 
Solgent premix (Solgent). The thermocycling conditions was 
based on Solgent protocol (initial denaturation at 95˚C for 
5 min, 35 cycle of denaturation at 95˚C for 30 sec, annealing 
at 58˚C for 30 sec and extension at 72˚C for 1 min, and final 
extension at 72˚C for 5 min). The size of the PCR product 
(Fig. S1) for TOR1A rs1182 C>A was 278 bp, and digestion 
would yield CC (278 1bp), CA (278, 207 and 71 bp) or AA 
(207 and 71 bp) allele fragments. The size of the PCR product 
(Fig. S1) for DRD2 rs1800497 G>A was 174 bp and digestion 
would yield GG (128 and 46 bp), GA (174, 128 and 46 bp) or 
AA (174 bp) fragments. Both PCR products were digested with 
TaqI at 37˚C for 16 h and examined on 3% agarose gels with 
eco dye (Biofact).

For allelic discrimination, TOR1A rs1801968 C>G and 
DRD5 rs6283 T>C were genotyped using real‑time PCR 
(RG‑3000; Qiagen, Inc.). Real‑time PCR was performed using 
the 2X Real‑time Smart mix (Solgent Corporation) (initial 
denaturation at 95˚C for 5 min, 40 cycles of denaturation at 
95˚C for 30 sec, annealing at 58˚C for 45 sec and final exten‑
sion at 72˚C for 5 min). TaqMan probes were designed using 
Primer Express Software (v2.0) and synthesized by Bioneer 
(Daedeok‑gu) with the FAM and JOE reporter dyes. SNPs were 
detected using a TaqMan probe assay kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). Genotyping was performed 
according to the manufacturer's protocols (sequences were 
not provided by the supplier; TOR1A rs1801968 C>G: Assay 
ID C_7428931_10, cat. no. 4351379; and DRD5 rs6283 T>C: 
Assay ID C_226374441_10, cat. no. 4351379) (Fig. S2). To 
validate the analysis, ~20% of the samples were randomly 
selected for DNA sequencing using an ABI 3730XL DNA 
Analyzer (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
(Fig. S3). The concordance of the quality control samples was 
100%.

Statistical analysis. Associations of each genotype with 
BSP were estimated by calculating the adjusted odds ratios 
(adjusted by age and sex). Genotyping and statistical analysis 
methods were performed as previously described (26,29,32). 

Genotyping was done by considering most frequently occur‑
ring homozygous genotype as the dominant model while 
considering less frequently occurring homozygous genotype 
as the recessive model. Statistical analyses were conducted 
with GraphPad Prism 4.0 (Dotmatics) or MedCalc (ver. 
12.7.1.0; MedCalc Software Ltd.). To analyze differences in 
clinical characteristics between the study groups, Fisher's 
exact test was used for categorical data. Independent‑samples 
t‑tests or one‑way analysis of variance and Scheffé's post‑hoc 
test were used for continuous data from the same samples. 
The genotype distributions of TOR1A, DRD2 and DRD5 
SNPs were compared between patients with BSP and controls 
using binary logistic regression analyses. All polymorphisms 
were confirmed to be suitable for research if they satisfied the 
Hardy‑Weinberg equilibrium (P>0.05). Odds ratios and 95% 
CIs were used to measure the strength of association between 
each polymorphism and BSP. Multivariate analyses were 
conducted with adjustments for sex and age, which are reported 
as risk factors for BSP (7). Allele combinations of multiple 
loci were analyzed using HAPSTAT (v.3.0; https://dlin.web.
unc.edu/software/hapstat/). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Baseline characteristics. The present study included 
56 patients with BSP (7 men and 49 women) and 115 age‑ and 
sex‑matched controls (23 men and 92 women). The mean age 
was 64.1±12.6 years (range, 52‑78 years; median, 65 years) for 
the group of patients with BSP and 60.8±12.1 years (range, 
49‑73 years; median, 58 years) for the control group.

There were no differences in the proportions of hyperten‑
sion, diabetes mellitus or dyslipidemia diagnoses between 
the BSP and control groups. By contrast, the lipid profile was 
significantly higher in the control group than in the BSP group 
in terms of total cholesterol levels (P=0.007) and triglyceride 
levels (P=0.042), but lower in HDL‑C levels (P<0.001). 
However, no differences in low‑density lipoprotein cholesterol 
(LDL‑C) levels were observed. No significant differences 
were observed for the other parameters assessed (Table I).

Comparison of genotype frequencies. The genotype frequen‑
cies for each polymorphism were measured. The frequency 
of DRD2 rs1800497 was found to significantly higher in the 
BSP than the control group in the recessive model (P<0.05). 
However, none of the other SNVs significantly differed 
between the BSP and control groups (Table II).

Genotype combination. Genotype combination analysis 
was next performed to investigate the combined genotype 
effects of each SNP. For the TOR1A rs1801968 C>G/TOR1A 
rs1182 C>A/DRD2 rs1800497 G>A/DRD5 rs6283 T>C 
genotype combination in Table  IIIA and F, the combined 
TOR1A rs1182CC/DRD5 rs6283TC genotype was found to be 
associated with a risk of BSP (P=0.013; Table III).

Genotype frequencies according to symptoms. DRD5 rs6283 
was observed to be associated with the periocular type of BSP 
in the co‑dominant (for the TC genotype, P=0.029) and domi‑
nant (P=0.029) models (Table IV).
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Genotype frequencies according to treatment response. After 
BoNT‑A therapy, 82.4% (42/51) of the patients were consid‑
ered good responders, whereas 17.6% (9/51) were considered 
poor responders. Five patients refused BoNT injection and 
preferred to be observed with conservative management such 
as sunglasses and artificial eye drops. They did not present any 
sign of improvement or worsening during the follow‑up. The 
recessive model of TOR1A rs1801968 (P=0.030), in addition to 
the recessive (P=0.029) and over‑dominant models (P=0.019) 
of DRD2 rs1800497 were associated with superior responses 
to BoNT treatment. By contrast, the dominant (P=0.034) and 
additive (P=0.030) models of DRD5 rs6283 were associated 
with a poor responses to BoNT treatment (Table V).

Discussion

In the present study, the relationship between genetic polymor‑
phisms and BSP was examined through comparisons between 
age‑ and sex‑matched controls in a South Korean population. 
There is accumulating evidence that certain genetic variants 
are associated with BSP and other diseases (6,16).

Hypercholesterolemia has been documented to aggravate 
systemic inflammation (33). On a cellular level, a dysregulated 
lipid status can mediate important alterations in the innate and 
adaptive immune system by interrupting antigen‑presenting 
cell and lymphocyte function  (33). The effects of LDL‑C, 
free fatty acids and cholesterol crystals on the activation and 
inflammatory action of macrophages have been extensively 
described (33,34).

In the present study, patients with BSP had lower total 
cholesterol levels and higher HDL‑C levels but similar 
LDL‑C levels compared with those in the control group. 
Hypercholesterolemia has been previously found to induce 
toll‑like receptor signaling, which could decrease the 
cholesterol efflux from cells, resulting in the further accu‑
mulation of cholesterol and aggravation of the inflammatory 
response (34,35). Accordingly, the roles of cholesterol and 
cholesterol‑lowering medications must be investigated in 
terms of BSP onset and progression.

TOR1A encodes torsion A and serves important roles in 
synapse formation and connectivity organization in the spinal 
sensorimotor circuit (36). The TOR1A rs1182 polymorphism 
has been reported to influence the spread of BSP to adjacent 
regions (16). However, previous studies of ΔGAG in TOR1A 
found that this mutation was not associated with BSP (17,18). 
To the best of our knowledge, there is limited information 
on the role of TOR1A mutations in BSP. In the present study, 
no significant associations between TOR1A SNVs and BSP 
were found. Since BSP was not found to be associated with 
TOR1A rs1182 or TOR1A rs1801968, the variants of these two 
polymorphisms were concluded to bear no relationship with 
BSP.

The generalizability of genetic findings across different 
populations is a complex and nuanced aspect of genetic 
research. Therefore, it is of importance to validate the results 
by comparing the findings of the present study with those for 
other ethnicities. No pathogenic or likely pathogenic sequence 
variants in the BSP‑associated genes assessed, including 

Table I. Baseline characteristics of BSP and control subjects.

Characteristic	 Control (n=115)	 BSP (n=56)	 P‑valuea

Age, years	 60.8±12.1	 64.1±12.6	 0.079
Sex (male:female)	 23:92	 7:49	 0.319
Total cholesterol, mg/dl	 196.28±39.75	 172.56±41.69	 0.007
High‑density lipoprotein cholesterol, mg/dl	 46.08±11.38	 64.84±17.36	 <0.001
Low‑density lipoprotein cholesterol, mg/dl	 111.27±52.66	 98.37±39.79	 0.422
Triglyceride, mg/dl	 132.21±65.90	 102.23±36.79	 0.042
Fasting blood sugar, mg/dl	 110.12±33.46	 103.68±14.53	 0.906
Hemoglobin A1c, %	 6.43±1.06	 6.13±0.70	 0.405
Blood urea nitrogen, mg/dl	 15.49±5.27	 14.65±4.94	 0.463
Na+, mEq/l	 141.69±2.17	 141.43±2.1	 0.621
K+, mEq/l	 4.28±0.37	 4.28±0.34	 0.985
Mg2+, mg/dl	 1.60±0.00	 2.14±0.17	 0.422
Ca2+, mg/dl	 9.50±0.28	 9.34±0.44	 0.076
Troponin T, ng/ml	 0.01±0.00	 0.01±0.00	 0.726
Thyroid stimulating hormone, uIU/ml	 3.49±2.59	 2.34±1.62	 0.105
Prothrombin time, sec	 11.66±0.76	 11.38±0.75	 0.054
Activated partial thromboplastin time, sec	 33.46±23.64	 30.83±4.19	 0.861
Hypertension	 88 (76.5)	 20 (35.7)	 0.873
Diabetes mellitus	 35 (30.4	 6 (10.7)	 0.561
Dyslipidemia	 23 (20.0)	 16 (28.6)	 0.289

aP‑values were calculated using a two‑sided t‑test for continuous variables and Fisher's exact test for categorical variables comparing between 
control subjects and the BSP group. Values are expressed as the mean ± standard deviation, n or n (%). BSP, blepharospasm.
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TOR1A, could be identified in a previous whole‑exome 
sequencing study of a multiplex African‑American pedi‑
gree  (37). Clarimon et al  (16) reported an analysis in two 
independent cohorts of Italian and North American patients 
with BSP. They revealed an association with the same risk 
genotype of Torsin A (Dystonia 1) as in an Icelandic popu‑
lation. In addition, the frequencies of TOR1A rs1435566780 
and THAP1 rs545930392 were previously found to be higher 
in patients with BSP compared with those in the control 
group in an analysis of Han Chinese populations (14).

The dopaminergic pathway can influence the basal ganglia 
damage and the abnormality of a dopaminergic pathway may 
be implicated in the pathogenesis of dystonic conditions, 
including BSP (38‑40). Fayers et al (41) previously reported 
that patients with BSP had fewer nerves in the sub‑basal plexus 
than the controls, suggesting that impaired corticosensory 
processing due to a defect in the sensorimotor gating mecha‑
nism resulted in the loss of blink reflex inhibition. A previous 
study found a number of genetic variants that may be associ‑
ated with BSP, including allele 2 of DRD5 and the D1.1 SNVs 
of the D1 receptor gene (20). However, the results of another 
study suggested that DRD5 did not contribute to BSP risk (16). 
In the present study, it was found that the DRD2 rs1800497 
SNV was associated with increased susceptibility to BSP. For 
DRD5 rs6283, the lack of statistical power due to the limited 
number of patients may explain the absence of an association 
between this SNV and BSP. However, DRD5 rs6283 was found 
to be associated with the periocular type of BSP. Because 
DRD2 rs1800497 is located in the 3'‑untranslated region, 
which serves an important role in mRNA stability upstream 
of translation (23), one mechanism of dystonia (and therefore 
BSP) as a result of this SNV could be by altering mRNA 
translation. DRD5 rs6283 was found to be associated with the 
periocular type of BSP in the present study, suggesting that 
the level of DRD5 gene expression differs according to the 
locations of involved neurons.

As an aspect of the clinical spread type in primary BSP, 
the present study confirmed that there was different genetic 
susceptibility in DRD2 and DRD5. Under physiological 
conditions, the blink reflex is inhibited if conditioned by a 
preceding peripheral nerve stimulus. This is presumably 
mediated through an inhibitory brainstem reticular pathway 
involving the pedunculopontine nucleus, which is disrupted 
by damage to the pedunculopontine nucleus or the adjacent 
architecture (42,43). Blink reflex excitability in patients with 
BSP implies a degree of variation in the sensorimotor signal 
pathway because of impaired corticosensory processing and 
defect in the sensorimotor gating mechanism (41). Given these 
differences according to the genetic variant could influence 
the facial nerve by a distinct sensorimotor pathway from the 
cornea to the brain stem, the degree of genetic expression may 
vary. If genetic variants are used for BSP screening, it may be 
necessary to target different SNPs depending on the clinical 
parameters.

Comparing the two responder groups to BoNT‑A injec‑
tion, the previous study reported that the poor responders 
exhibited a different blink profile such as increased lid closure 
time and decreased closing speed, including apraxia of eyelid 
opening (31). Therefore, a more detailed classification of BSP is 
required, along with a revised approach to treatment selection. 
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Table III. Genotype combinations of polymorphisms.

A, TOR1A rs1801968 C>G/TOR1A rs1182 C>A

Characteristics	 Controls (n=115), n (%)	 BSP (n=56), n (%)	 AOR (95% CI)	 P‑value

CC/CC	 62 (53.9)	 27 (48.2)	 1.000 (reference)	
CC/CA	 31 (27.0)	 22 (44.9)	 1.755 (0.847‑3.636)	 0.130
CC/AA	 7 (6.1)	 4 (8.2)	 1.177 (0.307‑4.514)	 0.812
CG/CC	 10 (8.7)	 3 (6.1)	 0.764 (0.191‑3.053)	 0.703
CG/CA	 4 (3.5)	 0 (0.0)	 N/A	 ‑
CG/AA	 0 (0.0)	 0 (0.0)	 N/A	 ‑
GG/CC	 1 (0.9)	 0 (0.0)	 N/A	 ‑
GG/CA	 0 (0.0)	 0 (0.0)	 N/A	 ‑
GG/AA	 0 (0.0)	 0 (0.0)	 N/A	 ‑

B, TOR1A rs1801968 C>G/DRD2 rs1800497 G>A

CC/GG	 33 (28.7)	 18 (36.7)	 1.000 (reference)	
CC/GA	 44 (38.3)	 29 (59.2)	 1.290 (0.600‑2.777)	 0.514
CC/AA	 23 (20.0)	 6 (12.2)	 0.481 (0.164‑1.414)	 0.183
CG/GG	 7 (6.1)	 1 (2.0)	 0.259 (0.029‑2.301)	 0.226
CG/GA	 4 (3.5)	 2 (4.1)	 1.231 (0.180‑8.418)	 0.832
CG/AA	 3 (2.6)	 0 (0.0)	 N/A	 ‑
GG/GG	 0 (0.0)	 0 (0.0)	 N/A	 ‑
GG/GA	 0 (0.0)	 0 (0.0)	 N/A	 ‑
GG/AA	 1 (0.9)	 0 (0.0)	 N/A	 ‑

C, TOR1A rs1801968 C>G/DRD5 rs6283 T>C

CC/TT	 30 (26.1)	 24 (49.0)	 1.000 (reference)	
CC/TC	 50 (43.5)	 19 (38.8)	 0.460 (0.211‑1.000)	 0.050
CC/CC	 20 (17.4)	 10 (20.4)	 0.765 (0.283‑2.067)	 0.597
CG/TT	 3 (2.6)	 0 (0.0)	 N/A	 ‑
CG/TC	 7 (6.1)	 3 (6.1)	 1.304 (0.365‑4.660)	 0.683
CG/CC	 4 (3.5)	 0 (0.0)	 N/A	 ‑
GG/TT	 0 (0.0)	 0 (0.0)	 N/A	 ‑
GG/TC	 1 (0.9)	 0 (0.0)	 N/A	 ‑
GG/CC	 0 (0.0)	 0 (0.0)	 N/A	 ‑

D, TOR1A rs1182 C>A/DRD2 rs1800497 G>A

CC/GG	 27 (23.5)	 18 (36.7)	 1.000 (reference)	
CC/GA	 28 (24.3)	 29 (59.2)	 1.451 (0.563‑3.740)	 0.441
CC/AA	 19 (16.5)	 6 (12.2)	 0.398 (0.096‑1.648)	 0.204
CA/GG	 12 (10.4)	 1 (2.0)	 1.125 (0.332‑3.815)	 0.850
CA/GA	 19 (16.5)	 2 (4.1)	 2.075 (0.724‑5.945)	 0.174
CA/AA	 4 (3.5)	 0 (0.0)	 1.671 (0.313‑8.920)	 0.548
AA/GG	 1 (0.9)	 0 (0.0)	 4.567 (0.366‑6.961)	 0.238
AA/GA	 2 (1.7)	 0 (0.0)	 2.671 (0.289‑4.667)	 0.386
AA/AA	 3 (2.6)	 0 (0.0)	 N/A	 ‑

E, TOR1A rs1182 C>A/DRD5 rs6283 T>C

CC/TT	 19 (16.5)	 17 (34.7)	 1.000 (reference)	
CC/TC	 38 (33.0)	 10 (20.4)	 0.288 (0.108‑0.769)	 0.013

https://www.spandidos-publications.com/10.3892/etm.2024.12621
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It may be possible to establish a diagnosis by detecting genetic 
variants and implement appropriate treatment strategies that 
avoid unnecessary medical procedures and expenses, such as 
repeated injections. Early detection of these genetic differences 
may facilitate potential patient‑specific gene therapy.

BoNT‑A interferes with neural transmission by blocking 
acetylcholine release at the presynaptic motor neurons at 
neuromuscular junctions, which causes muscle paralysis (44). 
BoNT‑A was approved for the treatment of BSP by the FDA 
in 1991, since various studies have demonstrated its efficacy 
without significant long‑term side effects (45,46). In the present 
study, TOR1A rs1801968 and DRD2 rs1800497 were found 
to be associated with superior treatment responses, whereas 
DRD5 rs6283 was associated with poor responses.

Amongst the treatment responders, the recessive model 
of TOR1A rs1801968 was associated with a superior response 
to BoNT‑A in this study. Individuals with this mutation may 
have altered neuronal function, potentially affecting motor 
control (47,48). The SNP rs1800497 on chromosome 11q23.2 
is located in exon 8 of the ankyrin repeat domain containing 
one gene downstream of DRD2 (49). Genetic variations in this 
receptor have been found to influence dopamine signaling, 
impacting motor function (50). These genetic variations may 
contribute to alterations in the basal ganglia circuitry, a region 
implicated in motor control (50,51). Changes in DRD func‑
tion may affect the balance between inhibitory and excitatory 
signals of blink (25). Therefore, the poor responder group 
could be associated with DRD5 rs6283. The SNP rs1800497 on 
chromosome 4p16.1 is located in exon 1 of a G‑protein coupled 

receptor which stimulates adenyl cyclase of downstream of 
DRD5. Variations in this receptor have been found to alter 
dopamine responsiveness in certain neural circuits such as 
cortico‑basal ganglia‑thalamo‑cortical loops (50,51). Altered 
dopamine D5 receptor function may affect the responsiveness 
of postsynaptic neurons, potentially reducing the efficacy of 
BoNT‑A, which relies on neurotransmission processes (25).

The aforementioned findings suggest that the effect of 
BoNT will likely differ among the genetic variants associ‑
ated with BSP, such as those in TOR1A and DRD5. Several 
studies have explored the effects of BoNT‑A on gene expres‑
sion (52,53). Their results indicated that BoNT‑A may affect 
the expression of genes in other sensorimotor pathways, 
suggesting that the treatment itself may influence the clinical 
outcomes among patients with BSP.

Numerous studies have previously examined the etiology 
of BSP and the contributions of genetic variants to BSP onset. 
Since a whole‑exome sequencing analysis identified several 
variants among 31 patients with BSP from 21 independent 
pedigrees (12), another study explored potential candidate 
genes, CIZ1, TOR2A and REEP4, using exome sequencing 
in 132 patients with BSP (13). In addition, in another previous 
study, to understand the genetic etiology of BSP, genetic 
screening of 151 genes associated with movement disorders 
was performed in 20 patients with BSP. However, only a few 
genes (SYNE1 and CIZ1) were found to contribute to the 
etiology of BSP (6). Additional case‑control studies have 
previously demonstrated associations with polymorphisms, 
although conflicting and population‑specific results were 

Table III. Continued.

E, TOR1A rs1182 C>A/DRD5 rs6283 T>C

Characteristics	 Controls (n=115), n (%)	 BSP (n=56), n (%)	 AOR (95% CI)	 P‑value

CC/CC	 16 (13.9)	 3 (6.1)	 0.260 (0.062‑1.095)	 0.066
CA/TT	 11 (9.6)	 7 (14.3)	 0.802 (0.236‑2.726)	 0.723
CA/TC	 18 (15.7)	 8 (16.3)	 0.424 (0.140‑1.287)	 0.130
CA/CC	 6 (5.2)	 7 (14.3)	 1.508 (0.396‑5.744)	 0.547
AA/TT	 3 (2.6)	 0 (0.0)	 N/A	 ‑
AA/TC	 2 (1.7)	 4 (8.2)	 2.256 (0.350‑4.535)	 0.392
AA/CC	 2 (1.7)	 0 (0.0)	 N/A	 ‑

F, DRD2 rs1800497 G>A/DRD5 rs6283 T>C

GG/TT	 8 (7.0)	 6 (12.2)	 1.000 (reference)	
GG/TC	 21 (18.3)	 12 (24.5)	 0.787 (0.217‑2.855)	 0.715
GG/CC	 11 (9.6)	 1 (2.0)	 0.105 (0.009‑1.297)	 0.079
GA/TT	 14 (12.2)	 15 (30.6)	 1.670 (0.430‑6.495)	 0.459
GA/TC	 26 (22.6)	 10 (20.4)	 0.530 (0.144‑1.951)	 0.340
GA/CC	 8 (7.0)	 6 (12.2)	 1.571 (0.186‑3.247)	 0.678
AA/TT	 11 (9.6)	 3 (6.1)	 0.356 (0.066‑1.919)	 0.230
AA/TC	 11 (9.6)	 0 (0.0)	 N/A	 ‑
AA/CC	 5 (4.3)	 3 (6.1)	 0.551 (0.074‑4.101)	 0.560

TOR1A, torsin 1A; DRD, dopamine receptor D; BSP, blepharospasm; AOR, adjusted odds ratio (adjusted by age and sex); N/A, not applicable.
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found (16,19,26). In the present study, only DRD2 was found 
to be associated with genetic susceptibility in all patients 
with BSP, and the TOR1A rs1182CC/DRD5 rs6283TC 
genotype combination tended to be associated with BSP. 
These findings suggest that the combined genotype effect of 
TOR1A and DRD5 contributes to BSP risk. In addition, these 
results suggest that multiple SNVs can affect susceptibility 
to BSP. However, it should be noted that the risk of BSP 
can be influenced by a diverse range of factors, including 
multiple genes, ethnicity, population and environmental 
factors (25).

The present study has a number of important limitations. It 
analyzed a relatively small number of SNPs that were poten‑
tially associated with BSP. The study population also included 
a small number of poor responders to BoNT‑A treatment, 
although the proportions of good and poor responders were 
similar to those reported in a previous study (31). Because 
the present study had a small sample size, its statistical power 
was <75%. However, it did offer insights supporting larger 
studies into associations between genetic variants and BSP. 
Considering these limitations, future larger cohort functional 
studies are required to evaluate the associations between 
genetic variants and BSP risk.

Despite these limitations, to the best of our knowledge, 
the present study was the first to analyze the genetic varia‑
tion among patients with BSP in a South Korean population, 
where the association between genetic variants and treat‑
ment response was also analyzed. The generalizability of 
genetic findings across different populations is a complex and 
nuanced aspect of genetic research. Therefore, the results of 
the present study must be validated in other Asian popula‑
tions before these findings can be applied clinically. Similar 
studies in diverse Asian populations can validate whether the 
observed genetic associations are consistent across various 
demographic groups. Collaborative validation studies and 
a nuanced understanding of the genetic and environmental 
factors involved will enhance the applicability of the results 
across diverse populations.

In conclusion, the results of the present study suggested 
that DRD2 rs1800497 could increase BSP risk, and the TOR1A 
rs1182CC/DRD5 rs6283TC genotype combination was associ‑
ated with the response to BoNT‑A in BSP. Identification of 
genetic variants expressed in the sensorimotor signaling 
pathway may elucidate the mechanisms by which each of the 
proposed genetic factors contributes to BSP and influences the 
treatment response. There is potential for predicting BSP risk 
through analyses of genetic susceptibility, which may facilitate 
patient‑specific treatment.
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