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Objective: The proteoglycan versican (VCAN) plays an important role in extracellular 
matrix (ECM) assembly, and diminished maintenance of the ECM has been increasingly 
regarded as an important factor in the development of intracranial aneurysms (IAs). Previous 
studies have revealed that single-nucleotide polymorphisms (SNPs) of the VCAN gene are 
associated with susceptibility to IAs in European or Japanese populations. However, the 
association between IA susceptibility and VCAN SNPs in the Eastern Chinese population 
remains unclear. This study aimed to investigate the associations of the SNPs rs251124, 
rs2287926, and rs173686 with IA susceptibility in the Eastern Chinese population.
Methods: A total of 162 patients with IA and 182 controls were enrolled in this study. The 
study was conducted between January 2017 and December 2020. SNP genotyping for 
rs251124, rs2287926, and rs173686 was performed using Kompetitive Allele Specific PCR 
(KASP) after DNA extraction. The SNP data were analysed with CFX Manager Software 
version 3.1 (Bio-Rad).
Results: rs251124 and rs173686 were significantly associated with susceptibility to IA. The 
frequency of rs251124-TT in IA was higher than in controls (OR =1.26, 95% CI: 1.07–1.49; 
P<0.01), and its risk mainly came from the T allele. Furthermore, logistic regression analysis 
showed that the T/T genotype and T allele of rs251124 were independent risk factors for IA 
(OR=1.726, 95% CI: 1.136–2.263; P=0.011). Moreover, the G/G genotype and G allele of 
rs173686 were associated with increased IA susceptibility (OR=2.52, 95% CI: 1.261–5.037; 
P=0.009).
Conclusion: The SNPs rs251124 and rs173686 were strongly associated with genetic 
susceptibility to IA in the Eastern Chinese population; however, no such association was 
found in the SNP rs2287926 of VCAN. Our findings suggest that the VCAN gene is an IA 
susceptible gene that should be further studied as a screening marker for IAs.
Keywords: intracranial aneurysm, susceptibility, VCAN gene, Eastern Chinese population, 
SNP

Introduction
Intracranial aneurysm (IA) is a complex disease characterised by pathological 
dilatation of the cerebral arteries. IA may rupture, leading to subarachnoid haemor-
rhage (SAH) and significant morbidity and mortality, one of the most devastating 
neurological events.1 Although the pathogenesis of IA has been explored for many 
years, the mechanisms of its formation, growth, and rupture remain largely 
unknown. Various theories have been proposed to develop IA, which is generally 
believed to be a multifactorial disorder that occurs due to the interaction of 
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environmental and genetic factors.2,3 Environmental fac-
tors, such as alcohol consumption, smoking, sex, and 
hormonal background of the patient, and hypertension 
seem to be common risk factors.4,5 In addition, there 
have been many studies on genetic markers for the risk 
of IA,6,7 which vary according to ethnicity and may not be 
generalisable to different populations.

Extracellular matrix (ECM) remodelling plays an impor-
tant role in maintaining the structure and integrity of intra-
cranial arteries. Disruption of the ECM of the arterial wall is 
a likely factor in the pathogenesis of IA.8 The VCAN gene, 
located at 5q12-q14, has 15 exons encoding a large 372.82 
kDa chondroitin sulphate proteoglycan in the ECM, which 
plays a key role in maintaining ECM function.9 It has also 
been implicated in cell proliferation, cell adhesion, cell 
migration, and invasion. The VCAN gene produces four 
subtypes, V0, V1, V2, and V3, by alternate splicing of 
exons 7 and 8. The two largest exons, 7 and 8, encode 
glycosaminoglycan (GAG) attachment sites, GAG alpha 
and GAG beta, respectively.9,10 The latter contains 
a proteoglycan class with heparin sulphate. The loss of 
function of similar protein-binding domains may lead to 
the rupture of these components in certain proteins in the 
ECM, softening the artery wall, forming an aneurysm.

VCAN is a candidate gene for IA because it plays 
a vital role in ECM assembly and is localised in 
a previously implicated locus for IA on chromosome 
5q.11 However, polymorphisms can have various effects 
in these gene regions that can be race-specific (since 
polymorphisms are known to be race-specific). Previous 
linkage studies have indicated that the three VCAN SNPs, 
rs251124, rs173686, and rs2287926, are associated with 
aneurysms.10,12,13 Nevertheless, replication studies in dif-
ferent ethnicities have provided conflicting results regard-
ing IAs.10,12,14,15 Considering the genetic differences 
among different races and regions and the uncertainty of 
the correlation between VCAN gene polymorphism and 
IA incidence in the Chinese population, we aimed to 
explore the association of the VCAN gene variants 
rs251124, rs173686, and rs2287926 with IA prevalence 
in the Eastern Chinese population.

Patients and Methods
Ethics Approval and Informed Consent
This study complied with the tenets of the Declaration of 
Helsinki and was approved by the Institutional Review 
Board and Ethics Committee of the First Affiliated 

Hospital of Anhui University of Science and Technology. 
All participants provided written informed consent 
(Approval No. 2019B20,2019-1-1).

Study Population
This case-controlled prospective study included 162 
patients with sporadic IAs and 182 age-matched controls 
admitted to the First Affiliated Hospital of Anhui 
University of Science and Technology between 
January 2017 and December 2020. All cases with con-
firmed IAs based on digital subtraction angiography 
(DSA) were retrospectively confirmed by 
a neuroradiologist and two highly qualified cerebrovascu-
lar neurosurgeons. Patients were excluded if they had 
a family history of IA, fusiform and dissection aneurysms, 
or traumatic and infectious aneurysms. A total of 182 
controls were symptomatically normal and did not have 
a medical or family history of IA or SAH. Controls sub-
jects were sex- and age-matched individuals, diagnosed 
negative for IA by DSA or CTA from the same hospital, 
and matched to IA patients for the area of residence to 
eliminate the effect of population stratification by 
heterogeneity.

SNP Selection and Genotyping
Candidate SNPs were selected by searching for SNPs in 
previous studies and genome-wide association studies 
(GWAS) that showed significant associations with IA. 
DNA was extracted from peripheral blood leukocytes 
using the TIANamp Blood DNA Extraction Kit 
(TIANGEN Biotech Co., Ltd., Beijing, China). The DNA 
samples were stored at –80 °C until use. SNP genotyping 
for rs251124, rs2287926, and rs173686 was performed 
using Kompetitive Allele Specific PCR (KASP). The 
SNP data were analysed with CFX Manager Software 
version 3.1 (Bio-Rad).

Statistical Analysis
General clinical features of the case and control groups were 
described as mean ± standard deviation (SD) and compared 
using Student’s t-test for continuous variables. Genotype and 
allele frequencies were computed and checked for deviation 
from the Hardy–Weinberg equilibrium (ihg2.helmholtz- 
muenchen.de/cgi-bin/hw/hwa1.pl). Categorical variables 
were presented as proportions and were compared using the 
chi-square test or Fisher’s exact test (two-tailed). Further 
stratification of the patients based on sex and aneurysm 
rupture status was performed to understand the role of the 
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VCAN variant within the sexes and between the ruptured 
aneurysm and non-ruptured aneurysm groups. The associa-
tion of SNPs with the risk of sporadic IA was investigated 
using logistic regression analysis. Statistical significance was 
set at P<0.05. All statistical analyses were performed using 
GraphPad Prism 8.02 (San Diego, CA, USA) and SPSS 
software (version 21.0; IBM Corp., Armonk, NY, USA).

Results
Characteristics of Study Population
A total of 162 IA patients and 182 control subjects were 
included in this study. The demographic characteristics of 
patients and controls are shown in Table 1. In the case 
group, 72.8% of the patients had a single aneurysm. The 
aneurysms were primarily located in the internal carotid 
artery (38.3%), followed by the middle cerebral artery 
(19.1%), anterior communicating artery (13.6%), and 
other locations. Additional details are provided in Table 2.

SNP Analysis
The distribution of the SNP genotypes was consistent with the 
Hardy–Weinberg equilibrium. As shown in Table 3, there 

were significant differences in the genotype and allele fre-
quency distributions of rs251124 and rs173686 between the 
IA cases and controls (P<0.05). A significant association was 
observed with rs251124 at the allelic (OR=1.489, CI: 1.089– 
2.044; P=0.0137) and genotypic (P=0.0415) levels. The fre-
quency of rs251124-TT in IA patients was higher than in 
controls (χ2= 6.364, P=0.0415). The risk allele frequencies 
of rs173686 were significantly different between patients with 
IA and controls (OR=1.558, CI: 1.115–2.171; P=0.0096). For 
SNP rs2287926, there was no statistically significant differ-
ence in genotype or allele frequencies between the patient and 
control groups (Table 3).

Table 4 shows the genotypes of the SNPs and their 
associations with IA. Logistic regression analysis showed 
that the T/T genotype and T allele of rs251124 were 
independent risk factors for IA (OR=1.726, 95% CI: 
1.136–2.263; P=0.011). Similarly, for the SNP rs173686, 
G allele carriers were also at a significantly higher risk of 
IA (OR=2.52, 95% CI: 1.261–5.037; P=0.009).

Table 5 shows no significant difference in genotype 
frequencies between the ruptured and unruptured aneur-
ysm groups at either of the two SNPs rs251124 and 
rs173686 (P>0.05).

Table 6 shows no significant difference in genotype 
frequencies among aneurysm groups at either of the 
two SNPs rs251124 and rs173686 (P> 0.05).

Table 7 suggests that the rs251124 T allele and 
rs173686 G allele contribute to a significantly higher risk 
for males and females at both allelic and genotypic levels 
when stratified based on sex (P<0.05).

Discussion
There are various theories about the development of aneur-
ysms, most of which reflect an imbalance in the ECM 
remodelling. ECM remodelling plays an important role in 
maintaining the structure and integrity of intracranial 
arteries and its reduction is a prominent feature of cerebral 
aneurysms. The VCAN gene localised on 5q12–q14 has 

Table 1 Characteristics of Cases vs Controls

Cases Controls χ2 P-value

N 162 182
Age, years 58.08±11.93 60.25±11.80 1.663 0.0973

Women, n (%) 102 (63.0) 90 (49.5) 6.346 0.0118

Smoke, n (%) 36 (22.2) 43 (23.6) 0.0955 0.7573
Drink, n (%) 39 (24.1) 50 (27.5) 0.5162 0.4725

Diabetes, n (%) 15 (9.3) 19 (10.4) 0.134 0.7143

Hypertension,n (%) 57 (35.2) 49 (26.9) 2.744 0.0976

Table 2 Clinical Characteristics of Intracranial Aneurysm

IA N (%) Ruptured

SIA 118 (72.8)

SoIA
ICA 62 (38.3) 20 (32.3)
MCA 31 (19.1) 13 (41.9)

AcoA 22 (13.6) 13 (59.1)

ACA 12 (7.4) 3 (25)
PcoA 20 (12.3) 15 (75)

VA 8 (4.9) 1 (12.5)

BA 6 (3.7) 2 (33.3)
PCA 1 (0.7) 0

Abbreviations: IA, Intracranial Aneurysm; SIA, single intracranial aneurysm; SoIA, 
Site of intracranial aneurysm; ICA, internal carotid artery; ACA, anterior cerebral 
artery; ACoA, anterior communicating artery; MCA, middle cerebral artery; PCoA, 
posterior communicating artery; PCA, posterior cerebral artery; BA, basilar artery; 
VA, vertebral artery.
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15 exon codes9 for a large 372.82 kDa chondroitin sul-
phate proteoglycan found abundantly in the ECM and 
plays various roles in maintaining ECM functions. Some 
studies have shown that a decreased density of smooth 
muscle cells results in decreased production of CSPG2 
(also known as versican), which in turn weakens the 
vascular wall. VCAN (CSPG2) also plays an important 
role in the assembly of ECM, and diminished maintenance 
of the ECM has been increasingly regarded as an impor-
tant factor in the development of IA.16

Table 3 Genotype and Allele Frequencies of SNPs of VCAN

Genotype/Allele Cases n(%) Controls n(%) χ2/OR (95% CI) P-value

rs251124 Genotype
CC 59(36.2) 88(48.3)

CT 81(50.3) 80(44)

TT 22(13.5) 14(7.7) χ2= 6.364 0.0415
Allele
T 125(38.6) 108(70.3) OR= 1.489

C 199(61.4) 256(29.7) 95% CI(1.089–2.044) 0.0137
rs173686 Genotype

GG 97 (59.9.) 93(51.1)
AG 53(32.7) 59(32.4)

AA 12 (7.4) 30(16.5) χ2= 6.981 0.0305

Allele
G 247(76.2) 245(67.3) OR= 1.558

A 77(23.8) 119(32.7) 95% CL (1.115–2.171) 0.0096

rs2287926 Genotype
AA 8(4.9) 9(4.9)

AG 50(30.9) 55(30.2)

GG 104 (64.2) 118(64.8) χ2= 0.017 0.9915
Allele
A 66(20.4) 73(20.1) OR= 1.020

G 258(79.6) 291(79.9) 95% CL (0.7074–1.491) 0.9181

Abbreviations: OR, odds ratio; CI, confidence interval.

Table 4 Logistic Regression Model of Genotype Analysis

B SE Wald OR 95% CI P value

rs251124
CC Reference

CT 0.412 0.231 3.197 1.510 0.961–2.373 0.074
TT 0.852 0.381 4.997 2.344 1.111–4.946 0.025

T 0.002 0.001 5.080 1.726 1.136–2.263 0.011

rs173686
AA Reference

AG 0.809 0.390 4.293 2.246 1.045–4.828 0.038

GG 0.958 0.371 6.669 2.608 1.260–5.397 0.010
G 0.924 0.353 6.848 2.52 1.261–5.037 0.009

Table 5 Genotypic Results of Ruptured and Unruptured 
Aneurysms

Group rs251124 rs173686

CC CT TT GG AG AA

Ruptured 
(n=96)

32 

(33.3)

51 

(53.1)

13 

(13.5)

57 

(59.4)

32 

(33.3)

7 

(7.3)

Unruptured 
(n=66)

23 
(34.8)

34 
(51.5)

9 
(13.6)

40 
(60.6)

21 
(31.8)

5 
(7.6)

χ2 0.04602 0.0416
P 0.9773 0.9794
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This study investigated the associations between three 
SNPs in the VCAN gene and IA susceptibility in the 
Eastern Chinese population. The results showed that 
rs251124T/T genotype and T allele and rs173686 G/G 
genotype and G allele increased the risk of IA formation. 
No significant differences in genotype or allele frequencies 
between the case and control groups were detected at the 
rs2287926 SNP. Our findings further support the VCAN 
gene as an IA susceptibility gene.

The VCAN gene (also known as chondroitin sulphate 
proteoglycan [CSPG2]) predicts the risk of aneurysm 
development and subsequent rupture.12,15,16 Nevertheless, 
the association between the SNPs of VCAN and the risk of 
IA remains controversial due to contrary reports. For 
example, Sathyan et al10 found that the minor allele T of 

rs251124 showed an increased risk of IA. The CT geno-
type has been defined as a risk factor for the occurrence 
and rupture of aneurysms in a South Indian population. In 
addition, rs2287926 further substantiates the potential role 
of VCAN in the pathogenesis of IA.

Moreover, no confirmed association between rs173686 
at genotypic and allelic levels and IA in the South Indian 
population has been reported. However, in a Dutch popu-
lation, the VCAN (CSPG2) genes were identified as sus-
ceptibility genes for IA, and the rs173686 polymorphism 
has also been linked to IA.12 The association between the 
rs173686 polymorphism and IA risk has also been 
observed in a Kazakh population.14 Similarly, another 
study replicated the association of rs251124 with the risk 
of IAs in a Japanese IA population.15 In contrast, 

Table 6 Genotype Frequencies of SNPs rs251124 and rs173686 at Different Locations

SoIA (n) rs251124 n(%) rs173686 n(%)

CC CT TT GG AG AA

ICA(62) 22(35.4) 32(51.6) 8(12.9) 37(59.7) 20(32.3) 5(8)

MCA(31) 11(35.4) 16(51.6) 4(12.9) 19(61.3) 10(32.2) 2(6.5)
ACoA(22) 8 (36.3) 11 (50) 3(13.7) 13(59.1) 7(31.8) 2(9.1)

ACA(12) 4(33.4) 6(50) 2(16.6) 7(58.3) 4(33.3) 1(8.3)

PCoA(20) 7(35) 10(50) 3 (15) 12(60) 7(35) 1(5)
VA (8) 3(37.5) 4(50) 1(12.5) 5(62.5) 2(25) 1(12.5)

BA(6) 2(33.3) 3(50) 2(16.6) 3(50) 2(33.3) 1 (16.7)

χ2 1.438 1.415

P 0.9999 >0.9999

Abbreviations: SoIA, Site of intracranial aneurysm; ICA, internal carotid artery; ACA, anterior cerebral artery; ACoA, anterior communicating artery; MCA, middle 
cerebral artery; PCoA, posterior communicating artery; PCA, posterior cerebral artery; BA, basilar artery; VA, vertebral artery.

Table 7 Comparison of the Genotype and Allele Frequencies of rs251124 and rs173686 Within Males and Females in Cases and 
Control

SNP Sex/Group Genotype P-value Allele OR (95% CI) P-value

rs251124 Male CC CT TT 0.048 T C OR=1.794 (1.111–2.907) 0.0165

Case(n,%) 18(33.3) 32(53.3) 10(16.7) 52(43.3) 68(56.7)
Control(n,%) 44(47.8) 41(44.6) 7(7.6) 55(29.9) 129(70.1)

rs251124 Female CC CT TT 0.044 T C OR= 1.668 0.024

Case(n,%) 36(35.3) 49(48) 17(16.7) 82(40.4) 121(59.6) (1.095–2.551)
Control(n,%) 44(48.9) 40(44.4) 6(6.7) 52(28.9) 128(71.1)

rs173686 Male GG AG AA 0.0326 G A OR=2.176 0.0048

Case(n,%) 39(65) 17(28.3) 4(6.7) 95(79.2) 25(20.8) (1.287–3.647)
Control(n,%) 42(45.7) 33(35.9) 17(18.5) 117(63.6) 67(36.4)

rs173686 Female GG AG AA 0.0217 G A OR= 1.941 0.0047

Case (n,%) 63(61.8) 32(31.4) 7(6.9) 158(77.5) 46(22.5) (1.254–3.060)
Control(n,%) 42(46.7) 31(34.4) 17(18.9) 115(63.9) 65(36.1)

Abbreviation: SNP, single-nucleotide polymorphism.
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replication studies reported a lack of association between 
the CSPG2 variants (rs173686 and rs251124) with IA 
susceptibility.15 The above studies suggest that race and 
geography may influence these contradictory results. On 
the other hand, this may be explained by the heterogeneity 
of ethnic origin and/or small sample size.

Consistent with previous studies and meta- 
analyses,10,12,13 we found that rs251124 was associated 
with sporadic IAs, and rs251124T/T genotype and 
T allele were risk factors for IA in the Eastern Chinese 
population, but not in agreement with the results of Sun 
et al,15 who found no confirmed association in a study of 
Han Chinese. Additionally, our study found that the 
rs173686 G/G genotype and G allele significantly 
increased the risk of IA formation, which was similar to 
the results of studies conducted among European,12 

Kazakh,13 and Japanese populations,14 but inconsistent 
with the results of Sun et al.15 The contrary results indicate 
that individuals from the same ethnic group also have 
different susceptibilities. Sun et al15 reported that the two 
SNPs rs173686 and rs251124 of the CSPG2 gene were not 
susceptible to IAs in Northern Chinese (Beijing) Han 
nationality. Alternatively, we observed that rs173686 and 
rs251124 highly increased the risk of IA formation in the 
Eastern Chinese population. To the best of our knowledge, 
the occurrence of IA is the result of the combined effects 
of genetic and environmental factors. One of the under-
lying causes of this discrepancy might be regional differ-
ences. Our research subjects included patients from eastern 
China; the possibility of different genetic backgrounds and 
surroundings caused by ethnic and regional differences 
might affect the experimental results. In addition, our 
study group was relatively small; therefore, our results 
require validation in a large-scale population. Overall, it 
has been hypothesised that genetic heterogeneity among 
diverse populations can lead to such paradoxical results.

In addition, our study included patients with ruptured 
and unruptured IAs. For either of the two SNPs rs173686 
and rs251124, there was no statistically significant differ-
ence in genotype or allele frequencies between the two 
groups studied, suggesting that no associations were found 
in the SNPs rs173686 and rs251124 with IA rupture sus-
ceptibility in the Eastern Chinese population. To the best 
of our knowledge, this is the first study to investigate the 
association between the VCAN gene and IA rupture in 
a Chinese population.

Moreover, our study found no significant difference in 
genotype frequencies among aneurysm groups at either 

SNP rs251124 or rs173686 (P> 0.05). This suggests that 
the locations of aneurysm distribution may have nothing to 
do with SNP variation. Furthermore, subgroup analysis by 
sex showed that rs251124 T allele and rs173686 G allele 
contributed to high risk for both males and females at both 
allelic and genotypic levels, implying that sex has no 
significant effect on SNP variation. Another possible rea-
son for this result is that the sample size was small.

This study had some limitations. It included only 
Eastern Chinese patients; therefore, the sample size was 
relatively small and may not be adequate for assessing the 
effect of these SNPs on the formation of IAs. Thus, addi-
tional studies using different populations are warranted to 
further validate ethnic and regional differences in the 
impact of the VCAN polymorphism on IA risk. 
Moreover, molecular biology experiments and reliable 
animal models are required to explore the specific mechan-
isms further.

Conclusion
This study revealed that rs251124 and rs173686 are genetic 
risk factors for IA formation in the Eastern Chinese popula-
tion. No association was found between SNP rs2287926 and 
IA. Our findings suggest that the VCAN gene is an IA 
susceptible gene, which warrants further study as 
a screening marker for intracranial aneurysms.
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