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Objective : Conflicting results regarding SOX17 genes and the risk of intracranial aneurysms (IA) exist in the Korean population, 
although significant positive correlations were noted in genome-wide association studies in European and Japanese populations. 
Therefore, we aimed to investigate an association between SOX17 gene variants and IA using exome sequencing data.
Methods : This study included 26 age-gender matched IA patients and 26 control subjects. The SOX17 gene variants identified 
from whole-exome sequencing data were examined. Genetic associations to estimate odds ratio (OR) and 95% confidence interval 
(CI) were performed using the software EPACTS.
Results : The mean age of the IA and control groups were 51.0±9.3 years and 49.4±14.3 years, respectively (p=0.623). Seven 
variants of SOX17, including six single nucleotide polymorphisms and one insertion and deletion, were observed. Among these 
variants, rs12544958 (A>G) showed the most association with IA, but the association was not statistically significant (OR, 1.97; 95% 
CI, 0.81–4.74; p=0.125). Minor allele frequencies of the IA patients and controls were 0.788 and 0.653, respectively. None of the 
remaining variants were significantly associated with IA formation.
Conclusion : No significant association between SOX17 gene variants and IA were noted in the Korean population. A large-scale 
exome sequencing study is necessary to investigate any Korean-specific genetic susceptibility to IA. 
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INTRODUCTION

Intracranial aneurysm (IA) refer to ballooning or bulging of 

the intracranial arteries, causing life-threatening subarach-

noid hemorrhage (SAH) with annual rupture rate up to 

2%1,3,12). Although the exact mechanisms of IA formation re-

main unclear, clinical risk factors and genetic susceptibility 

are known to contribute to IA formation and growth3). Well-

known clinical risk factors for IA are female gender, cigarette 

smoking, hypertension (HTN), and familial aneurysm22). 
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Candidate genes identified from meta-analysis using genome-

wide association studies (GWASs) were SRY-box 17 (SOX17, 

rs9298506, rs10958409), endothelin receptor A (rs6841581), 

and cyclin-dependent kinase inhibitor 2B antisense inhibitor 

(rs10757278 and rs1333040) genes in European and Japanese 

populations1). Among those candidate genes, SOX17 has been 

studied in the Korean population. Hong et al.13) reported a 

protective effect of the minor C allele of rs1072737 on IA for-

mation (odds ratio [OR], 0.69; 95% confidence interval [CI], 

0.49–0.96). Other single nucleotide polymorphisms (SNPs), 

such as rs9298506, rs10958409, and rs1504749, were not asso-

ciated with IA. These conflicting results suggested the effect 

of different SOX17 gene variants on IA formation according 

to inter-and intra-ethnic population differences.

Genomic data have been accumulated in the current preci-

sion medicine areas7). Beyond GWAS, next generation se-

quencing (NGS) has been widely performed since the mid-

2000s. Whole-exome sequencing (WES) allows informations 

about genetic and protein-coding variants, particularly in se-

lected regions of interest23,25). In this study, we aimed to firstly 

report the association between SOX17 gene variants and IA 

using exome sequencing data in the Korean population. 

MATERIALS AND METHODS

Study population 
This study was approved by the Institutional Review Boards 

of the Chuncheon Sacred Heart Hospital (No. 2017-9 and 

2018-6). This study included almost age-gender matched IA 

patients and control subjects who visited the participating in-

stitution between April 2018 and June 201917). The inclusion 

criteria of the study were 1) adult patients over 18 years of age 

with 2) sporadic aneurysms with saccular shapes. The exclu-

sion criteria were 1) fusiform, dissected, traumatic or infec-

tious aneurysms and 2) patients with concomitant other cere-

brovascular diseases. Patients who met the following criteria 

were selected as controls : 1) patients who underwent radio-

logic tests for headache or medical check-ups with 2) no fa-

milial history of IA or SAH among the first-degree rela-

tives6,9,12,13,18).

The primary outcome of the study was to evaluate the asso-

ciations between SOX17 gene variants and IA using exome se-

quencing data to identify a potential marker for IA formation. 

Patient medical records were reviewed to collect clinical and 

angiographic characteristics (sex, age, HTN, diabetes mellitus 

(DM), hyperlipidemia, smoking history15), initial clinical pre-

sentation, and aneurysm size and location (anterior. vs. poste-

rior circulation)5).

Gene sequencing
Genomic DNA was isolated from peripheral blood cells 

with the QIAamp DNA Blood Midi Kit (QIAGEN, Hilden, 

Germany)13). WES was performed using a NovaSeq Sequencer 

(Illumnia, Inc., San Diego, CA, USA) following the manufac-

turer’s protocols. The read depths of the IA and control were 

>200× and >100×, respectively, with an average sequence cov-

erage over the targeted region of >90%8). The targeted gene, 

SOX17, was selected from previous studies that reported an 

association with the pathogenesis of IA development13,20). Fi-

nally, we detected 1432 variants containing seven heterozy-

gotes and 1425 homozygotes. Quality control was provided by 

using the Genome Analysis Toolkit (GATK) best practice 

workflow (gatk-4.0.6.0). Sequence reads were aligned to the 

reference sequence (hs37.fa) with BWA mem (bwa 0.7.17). 

Conversion of the SAM file to a binary file was accomplished 

using samtools (0.1.19-44428cd). Picard (picard-2.18.9) was 

used for various implementations such as sorting and input-

ting of sample information and removal of duplicates. Base 

quality score recalibration and variant quality reacaribration 

were performed. Genetic variants were identified using haplo-

typecaller with a genomic varinat call file.

Statistical analyses
Continuous variables are presented as mean±standard de-

viation. Univariate analyses by Student’s t-tests and Pearson’s 

chi-squared tests were performed to evaluate the differences 

between the two groups using MedCalc software (Medcalc, 

Mariakerke, Belgium). Genetic association and visualization 

of the results (Manhattan plot and quantile-quantile plot 

[Q-Q plot]) were analyzed using the software EPACTS (Effi-

cient and Parallelizable Association Container Toolbox; http://

genome.sph.umich.edu/wiki/EPACTS) under a linear mixed 

model, estimating the OR with 95% CI. A web-based tool, Lo-

cusZoom (http://locuszoom.org), was used to focus on the lo-

cation of the SOX17 gene variants. 
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RESULTS

Demographic characteristics of the study cohorts
The baseline characteristics of 26 IA patients and 26 healthy 

controls are described in Table 1. The mean age of the two 

groups was 49.4±14.3 in the control subjects and 51.0±9.3 in 

the IA patients (p=0.623). More IA patients appeared to have 

HTN than the control subjects, but the difference was not sta-

tistically significant (IA, n=8 [30.8%] vs. control, n=3 [11.5%]) 

(p=0.093). Other variables, such as female gender, DM, hyper-

lipidemia, and smoking, did not differ significantly between 

the two groups. SAH presentation was noted in 15 (57.7%) out 

of 26 IA patients. There were 21 (80.8%) anterior circulation 

aneurysms, five internal carotid artery aneurysms, five in the 

anterior communicating artery or anterior cerebral artery, 

seven in the middle cerebral artery, and four in the posterior 

communicating artery.

Associations of SOX17 gene variants with IA 
The Manhattans plots showed seven variants located in the 

Table 1. Baseline characteristics of patients harboring IA and controls

Variable IA (n=26)
Controls 

(n=26)
p-value*

Female 18 (69.2) 13 (50.0) 0.162

Age (years) 51.0±9.3 49.4±14.3 0.623

Hypertension 8 (30.8) 3 (11.5) 0.093

Diabetes mellitus 1 (3.8) 1 (3.8) 1.000

Hyperlipidemia 3 (11.5) 1 (3.8) 0.301

Cigarette smoking 2 (7.7) 3 (11.5) 0.641

SAH presentation 15 (57.7)

Values are presented as mean±standard deviation or number (%). 
*p<0.05 is significant. IA : intracranial aneurysms, SAH : subarachnoid 
hemorrhage

Fig. 1. The Manhattan plot for single variant analysis of the SOX17 gene (shown in red dots) in 26 patients with intracranial aneurysms and 26 control 
subjects. The gray dotted line indicates statistical signi�cance after correction for multiple testing.
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Fig. 2. Quantile-quantile plot for single variant analysis of the SOX17 
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SOX17 gene, but none of these variants passed the genome-

wide significant level (Fig. 1). The Q-Q plot for single variant 

analysis of the SOX17 gene showed that all variants were dis-

tributed in the gray area, indicating no meaningful associa-

tion between SOX17 gene variants and IA (Fig. 2).

A total of seven variants of SOX17, six SNPs and one inser-

tion and deletion, were observed in this study. Among them, 

rs12544958 (A>G) appeared to be associated with IA, but was 

not statistically significant (OR, 1.97; 95% CI, 0.81–4.74; 

p=0.125). More specifically, the minor allele frequency of the 

IA and controls were 0.788 and 0.653, respectively. Two SNPs 

of rs12545485 (T>C) and rs73679444 (C>A), which were lo-

cated within 6bp, also did not have a meaningful association 

with IA. There were the same number of minor rs62516525 

(C>T) alleles in both the IA and control groups (Table 2). We 

further constructed regional plots of rs12544958, which had 

the lowest p-value in our analysis. In the plot, the rs12544958 

variant described in the purple diamond shows a non-signifi-

cant association with IA using genome sequencing (Fig. 3).

Table 2. Single variant analysis of the SOX17 gene between intracranial aneurysm patients and control subjects

Chr. Position SNP or INDEL MAF*, case/control OR (95% CI) p-value Score rsID

8 55371538 A/G 0.788/0.653 1.97 (0.81–4.74) 0.125 1.534 rs12544958

8 55372660 T/G 0.096/0.038 2.66 (0.49–14.38) 0.223 1.219 rs117273864

8 55371478 T/C 0.750/0.635 1.73 (0.74–4.02) 0.259 1.128 rs12545485

8 55371472 C/A 0.365/0.269 1.56 (0.68–3.59) 0.345 0.944 rs73679444

8 55371154 C/T 0.385/0.404 0.92 (0.42–2.03) 0.840 -0.201 rs12541742

8 55370619 C/T 0.385/0.385 1 (0.45–2.20) 1 7.07E-16 rs62516525

8 55371080 C/CAG Insertion 0.385/0.385 1 (0.45–2.20) 1 7.07E-16 rs71554162

*MAF in patients (intracranial aneurysm) and controls (right) groups. Chr. : chromosom, SNP : single nucleotide polymorphism, INDEL : insertion and 
deletion, MAF : minor allele frequency, OR : odds ratio, CI : confidence interval

Fig. 3. A regional plot of the rs12544958 variant’s position±500 kb with IA development. The purple diamond indicates a non-signi�cant association of 
the rs12544958 variant of the SOX17 gene with IA. SNP : single nucleotide polymorphism, IA : intracranial aneurysm.
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DISCUSSION

To the best of our knowledge, this was the first investigation 

examining SOX17 gene variants and IA using gene sequenc-

ing in the Korean population. The present study showed that 

SOX17 gene variants cannot be used as a reliable biological 

marker for Korean IA patients.

IA formation and growth has been related to endothelial 

changes, such as partial cell loss and intimal swelling, as well as 

medial layer damages4). The SOX17 gene is robustly expressed in 

endothelial cells of the cerebral arteries20). Lee et al.20) demon-

strated that vascular abnormalities mimicked IA formation in 

SOX17-deficient mouse with angiotensin II infusions, indicating 

SOX17 deficiency as a marker for IA formation. In their study, 

SOX17-deficient arteries had decreased platelet-derived growth 

factors, suggesting a potential impairment of paracrine regula-

tion by SOX17 deficiency. Regarding humans, Alg et al.1) report-

ed that SOX17 gene variants increased IA risk, reporting an OR, 

1.21 (95% CI, 1.15–1.27) for rs9298506 and an OR, 1.19 (95% CI, 

1.13–1.26) for rs10958409. These associations were more promi-

nent in the Caucasian population than in some Japanese co-

horts, with an OR, 1.35 (95% CI, 1.27–1.44) for rs9298506 and 

an OR, 1.31 (95% CI, 1.23–1.39) for rs109584092,9,28). In the Kore-

an population, two SNPs of SOX17, rs9298506 and rs10958409, 

did not increase the IA risk (rs9298506 : OR, 1.06; 95% CI, 0.78–

1.43; and rs10958409 : OR, 1.01; 95% CI, 0.75–1.35)13). A GWAS 

also did not demonstrate an increased IA risk in Koreans har-

boring rs929850612). In a Chinese population, no significant as-

sociation was also observed (rs1504749 : OR, 1.05; 95% CI, 0.82–

1.35; and rs10958409 : OR, 0.94; 95% CI, 0.73–1.21)21).

Recently, genetic variants associated with IA susceptibility 

identified by WES has been studied. Wu et al.26) reported that 

c.C133T (p.H45Y) located within exon 2 of LOXL2 gene was 

associated with three familial IA patients. In addition, that as-

sociation was also replicated in 28 individuals. Yamada et al.27) 

suggested susceptible loci of FAM160A1 and OR52E4 for SAH 

due to aneurysm rupture. In our study, seven SOX17 gene 

variants were not significantly associated with sporadic IAs. 

Nevertheless, different characteristics of the enrolled patients 

(sporadic vs. familial IAs) and genetic differences according to 

ethnicities should be considered when interpreting the data.

Korean genetic studies have focused on SNPs involved in en-

dothelial dysfunction or extracellular matrix proteins. Song et 

al.24) reported that an endothelial nitric oxide synthase gene 

(eNOS) T-786C mutation was not associated with IA size or IA 

rupture. Kim et al.19) also did not find three IA-associated 

eNOS polymorphisms, 27VNTR, T786C, and G894T. Regard-

ing the elastin gene, patients harboring the T allele of rs2856728 

demonstrated a statistically significant association with IA, 

particularly in males (OR, 3.45 in males vs. 1.88 in females)16). 

Among the lysyl oxidase SNPs, rs2303656, rs3900446, and 

rs763497 increased IA risk significantly11). A recent GWAS re-

vealed eight new susceptibility loci, including GBA, TCF24, 

OLFML2A, ARHGAP32, CD163L1, CUL4A, LOC102724084, 

and LRRC3, that had statistical power over 0.8 in Korean IA 

patients12). Only two SNPs, rs700651 and rs6841581, among the 

IA-susceptible SNPs identified in previous reports were vali-

dated in the Korean GWAS. Accordingly, further research em-

ploying the NGS platform is required to find Korean-specific 

IA loci that affect the susceptibility to IA formation and subse-

quent rupture.

This study had some limitations. The results may be under-

powered to detect casual variations conferring susceptibility 

to IA due to the small number of enrolled patients13,14). Al-

though GATK is considered the gold standard for genomic 

analysis, the detection of variants depends on the references 

and quality controls that are applied in WES. Therefore, alter-

native analytic methods for prioritization of genetic variants, 

including additional variant-calling pipelines and integrative 

analyses of the genetic and environmental factors, are needed 

in the upcoming studies in a large number of sporadic IA pa-

tients. Nevertheless, this was the first genetic association study 

of SOX17 gene variants with IA from the WES database in the 

Korean population and it should be acknowledged.

CONCLUSION

No significant association between SOX17 gene variants 

and IA were observed in Korean IA patients. To investigate 

Korean-specific genetic susceptibility to IA, a large-scale 

exome sequencing data study is required.
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