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RNF213 gene polymorphism rs9916351 and rs8074015 significantly
associated with moyamoya disease in Chinese population
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Background: Gene polymorphism especially Ring Finger Protein 213 (RNF213) p.R4810K is one of the
main cause of moyamoya disease (MIMD) in Asian populations, especially among Japanese people. However,
missense mutation may not explain the reduced frequency of MMD in Chinese patients. We performed a
hospital based case-control study in a Chinese population to elucidate the possible underlying reasons.
Methods: Five gene polymorphism loci, namely, rs35692831, rs9916351, rs9913636, rs8074015 and
rs112735431, were included. A total of 98 patients and 114 healthy controls were enrolled in the study.
Genomic DNA was genotyped by Mass Array methods.

Results: A significant difference was observed between patients and healthy controls in rs9916351,
r$9913636, and rs8074015 loci under three genotypes and allelic models (P<0.01). Logistic regression
analysis revealed the significant differences under the dominant, recessive and additional model in rs9916351
[odds ratio (OR) =4.173, 95% confidence interval (CI): 2.290-7.606, P<0.001; OR =3.152, 95% CI: 1.585-
6267, P=0.001; OR =0.199, 95% CI: 1.727-3.764, P<0.001; respectively] and rs8074015 (OR =0.359, 95%
CI: 0.206-0.627, P<0.001; OR =0.348, 95% CI: 0.148-0.81, P=0.015; OR =0.208, 95% CI: 0.311-0.703,
P<0.001; respectively), even adjusting for age and gender. In addition, the haplotype rs9913636-rs8074015
under “GACG” showed significant association with MMD.

Conclusions: Our results had revealed the polymorphism of RNF213 rs9916351 and rs8074015 were
significantly associated with MMD especially in Chinese population.
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Introduction As a rare disease, MMD has been described in all races

Moyamoya disease (MMD) is an idiopathic intracranial and ethnicities worldwide especially in Asian countries,

arterial disease characterized by progressive bilateral or particularly Japan, where an incidence up to 0.94 per
unilateral occlusion of the supraclinoid internal carotid 100,000 has been reported (3). The main pathological

artery (ICA) and a hazy network of basal collaterals (1,2). changes in the stenotic segment in MMD include
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fibrocellular thickening of the intima, causing transient
ischemic attacks, cerebral infarction, and intracranial
hemorrhage; however, the etiology and pathogenesis of
MMD remain unclear (4,5).

Epidemiologic studies have shown that approximately
15% of patients had a family history and accumulating
evidence suggests genetic factors as important mediators
in the development of MMD (6). A previous genome-wide
association study (GWAS) by Kamada ez 4/. had identified
Ring Finger Protein 213 (RNF213) at chromosome 17q25 as
a susceptible gene related to MMD in Japanese populations
(7,8). Subsequent studies in Japan, China, and Korea
revealed the close relationship between missense mutations
in RNF213 and development of MMD (9-11). RNF 213
p-Arg4810Lys (p.R4810K, rs112735431) was most commonly
reported to exhibit a strong association with increased
susceptibility to MMD (12). Although the mutation rate
of RNF 213 p.Arg4810Lys was similar between Japanese,
Korean, and Chinese populations (1.4%, 1.3%, and 1.0%,
respectively), MMD-related morbidity is markedly different
between these populations (nearly 90% in Japanese, 80% in
Koreans, and only 23% in Chinese) (13,14). We speculate
that other gene polymorphism in RNF213 may also play
a vital role in the disease progress. Therefore, to elucidate
the underlying genetic pathogenesis, we investigated five
RNF213 polymorphism variants in a cohort of Chinese
patients with MMD and compared them with a control
population. We present the following article in accordance
with the STREGA reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-1040).

Methods
Patient’s recruitment

A hospital-based case-control design was conducted in the
present study. Patients were consecutively recruited from
February to May, 2018 among inpatients in Beijing Tiantan
Hospital. MMD was diagnosed as per the guidelines
established by the Research Committee on Spontaneous
Occlusion of the Circle of Willis (Moyamoya Disease)
of the Ministry of Health and Welfare of Japan (15). All
patients were enrolled based on the presence of clinical
ischemic or hemorrhagic symptoms in combination with
vascular lesions in magnetic resonance imaging (MRI) or
magnetic resonance angiography (MRA). Patients with a
history of autoimmune disease, brain neoplasm, meningitis,
Down syndrome, head trauma, or other serious illness
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were excluded. Meantime, controls group were enrolled
from healthy examination individuals without a familial
history of related diseases. All participants’ age, gender and
medical history were recorded. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Written informed consents were obtained from all
participants in the study, and the study was approved by the
Ethics Committee of Beijing Tiantan Hospital.

SNP selection

The common SNPs of RNF213 was selected from the
HapMap (http://hapmap.ncbi.nlm.nih.gov/) of the Han
Chinese population. Tag SNPs, including rs35692831,
rs9916351, rs9913636, rs8074015 and rs112735431, across
the gene were subsequently selected using the Haploview
software version 4.2. The linkage disequilibrium r’
threshold was set as 0.8 and the minor allele frequency
(MAF) was set to >0.05.

Genotyping

Blood samples were collected from elbow veins of
participant and stored at —-80 °C until use. Genomic DNA
was extracted using a commercial kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol.
DNA quantity was examined by a NanoDrop2000
spectrophotometer (Thermo Fisher, Waltham, MA, USA).
Polymerase chain reaction (PCR) primer pairs used to
amplify RNF213 polymorphism were showed in Table 1.
Genotyping was performed by using time-of-flight
mass spectrometry on a MassARRAY iPLEX platform
(Sequenom, San Diego, CA, USA) by Bio Miao Biological
Technology (Beijing, China). The average genotype call
rate for this SNP was >98%.

Statistical analysis

All statistical analyses were performed by SPSS (version
17.0, SPSS Inc., Chicago, USA) and P-Link. Hardy-
Weinberg equilibrium (HWE) was assessed using a y’ test
and a P value <0.05 was considered to indicate significant
disequilibrium. Differences in genotypic frequencies
between groups were calculated by the Pearson’s i test
or Fisher’s exact test, as appropriate. Odds ratio (OR)
values with 95% confidence interval (CI) were calculated.
Univariate and multivariable logistic regression analysis
were used to evaluate the impact of clinical variables on
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RNF213 polymorphism status. Patients’ age and gender
were treated as risk factors to be adjusted in the analysis.
Haplotype was analyzed using online web tools Haploview
and SHEsis (http://analysis.bio-x.cn/myAnalysis.php).
All tests were two-tailed, and P<0.05 indicated statistical
significant.

Results
The characteristic of the study

A total of 98 patients (63 female) with mean age 33.06+15.94
and 114 healthy controls (61 female) with mean age
41.78+11.25 were enrolled in this hospital-based case and
control study. The average body weight in patient and control
group was 60.65+18.03 and 68.84+14.84 kg, respectively.
Of them, 82 patients were ischemic type with a duration
30.42+50.99 months, and only 16 patients were hemorrhagic
type with a duration 16.60+24.24 months. All participants
were Chinese. A total of five tag SNPs were selected for
further analysis. The MAF were 0.414, 0.413, 0.289 and
0.322 for rs35692831, rs9916351, rs9913636, rs8074015, and
rs112735431, respectively. The demographics characteristics
are shown in Table 1.

Genetics association analysis

The frequencies of genotype and alleles of the RNF213
gene polymorphisms in patients and healthy controls are
shown in 7able 2. A significant difference was observed
between patients and healthy controls in rs9916351,
rs9913636, and rs8074015loci under three genotypes
and allelic models (P<0.01). In addition, rs112735431
polymorphism significantly differed only under the allelic
genotype (P<0.001). No other significant difference was
reported under different genotypes in rs35692831 (P>0.05).

A logistic regression analysis of five SNP genotypes
under the dominant, recessive, and additive model between
patients and healthy controls was also performed. The
results showed significant differences under the dominant
and recessive models in rs9916351 (OR =4.173, 95% CI:
2.290-7.606, P<0.001; OR =3.152, 95% CI: 1.585-6.267,
P=0.001; respectively) and rs8074015 (OR =0.359, 95% CI:
0.206-0.627, P<0.001; OR =0.348, 95% Cl: 0.148-0.81,
P=0.015; respectively), even adjusting for age and gender
(Tuble 3). We also observed a significant difference in
rs9913636 under the dominant (OR =0.345, 95% CI:
0.195-0.610, P<0.001), and recessive model (OR =0.368,
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Table 1 The demographic data of enrolled participants

Variable Case (n=98) (()::::c;l)s
Gender (M/F) 36/63 53/61
Age 33.06+15.94 41.78+11.25
Bodyweight 60.65+18.03 68.84+14.84
Disease status (N)

Ischemic 82

Hemorrhage 16
Disease duration (month)

Ischemic 30.42+50.99

Hemorrhage 16.60+24.24
Suzuki stage, n (%)

0 11 (11.22)

1-2 11 (11.22)

3-4 60 (61.22)

5-6 16 (16.33)

95% CI: 0.148-0.919, P=0.032). However, no significant
difference was observed under the recessive model after
adjusting for age and gender. The additive models of
rs9916351 (OR =0.199, 95% CI: 1.727-3.764, P<0.001),
rs9913636 (OR =0.217, 95% CI: 301-3.764, P<0.001) and
rs8074015 (OR =0.208, 95% CI: 0.311-0.703, P<0.001)
were also found with significantly difference between MMD
patients and healthy control even after adjusting for age and
gender (OR =2.589, 95% CI: 1.722-3.891, P<0.001; OR
=0.455, 95% CI: 0.290-0.713, P<0.001; OR =0.469, 95%
CI: 0.305-0.722, P<0.001).

Haplotype analysis

The pairwise linkage disequilibrium D’ values among
the five SNPs were calculated for different sample sets.
The SNPs with D’ >0.75 in separated sample sets were
grouped in the same block, and rs9913636-rs8074015 was
identified as one haplotype block (Figure I). In this block,
one haplotype “GACG” showed significant association with
MMD (Table 4).

Discussion

MMD was considered as a chronic cerebrovascular disorder

Ann Transl Med 2020;8(14):851 | http://dx.doi.org/10.21037/atm-20-1040


http://analysis.bio-x.cn/myAnalysis.php

Page 4 of 7

Table 2 The genotype distribution of RNF213 gene polymorphism
between patient and control group

Control Case P value
rs35692831
CcC 44 28 0.395
CT 44 43
T 20 18
Allelic
C 132 99 0.271
T 84 79
rs9916351
CcC 62 22 <0.001*
CT 37 45
T 15 32
Allelic
C 161 89 <0.001*
T 67 109
rs9913636
GG 47 67 0.001*
GC 44 24
CcC 19 7
Allelic
G 138 158 <0.001*
C 82 38
rs8074015
AA 44 63 0.001*
AG 47 28
GG 23 8
Allelic
A 135 154 <0.001*
G 93 44
rs112735431
GG 114 74 N/A
GA 0 25
AA 0 0
Allelic
G 0 173 <0.001
A 228 25

Significant associations are marked with *.
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since it was first described by Shimizu and Takeuchi
in 1955 in Japan (16). Not until 2011, Kamada er al.
revealed a founder missense mutation in RNF213 was
tightly associated with MMD onset in Japanese family (7).
Since then, several countries particularly in Asia, have
reported same results (17). However, as racial differences,
MMD incidence are high in Asians, especially in Japanese
population, and etiology is still unclear.

The polymorphism of RNF213 was recognized as a
susceptible factor to MMD and has been widely studied.
Several studies supported that RNF213 p.R4810K variant
is common in early-onset ischemic stroke with anterior
circulation stenosis (17,18). However, RNF213 p.R4810K
variant is not the only susceptibility variant for MMD. To
date, at least 24 genetic changes in the RNF213 gene have
been found to be associated with MMD (9). In our study, we
had observed five SNPS in RNF213 including rs35692831,
rs9916351, rs9913636, rs8074015, and rs112735431, all of
which were related to MMD morbidity. Our results show
that rs9916351 and rs8074015 polymorphisms were closely
related to the development of MMD both under dominant
and recessive model. To the best of our knowledge, this
is the first study to report that rs9913636 in RNF213 is
also a susceptibility locus of MMD; nonetheless, further
verification of this result in a large case-control study is
warranted.

Our results of rs9916351 and rs11273543 1were in
accordance with Duan et a/. in a GWAS and Huang et al.
in a case control study in Chinese population (13,17). As
surgical revascularization is the main treatment regimen for
MMD to prevent complications, the relationship between
polymorphism and long-term clinical outcome is elusive.
Ge et al. reported that the p.R4810Kvariant may not be
associated with long-term clinical outcomes in Chinese
patients with MMD (19).

Although the polymorphism of RNF213 has been
widely detected in patients with MMD, the biochemical
function and pathological role of RNF213 have not been
completely clarified. RNF213 gene encodes a protein
with 5256 amino acid residues that is involved in cellular
processes, DNA repair, and signal transduction pathways
(20,21). As a RING finger protein with E3 ubiquitin ligase
activity and energy-dependent unfoldase activity, RNF213
protein can ubiquitinate specific target proteins and mediate
their degradation by proteasomes (22). Single-nucleotide
polymorphism of RNF213 may result in disruption of
ATP hydrolysis cyclicity, inhibition of angiogenesis, and
reduction of antiangiogenic activity of interferon beta-
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Table 3 The logistic regression analysis of RNF213 SNP genotype with moyamoya disease
OR 95% ClI P OR? 95% CI* p*

rs35692831

Dominant model 1.498 0.831-2.701 0.179 1.49 0.800-2.776 0.208

Recessive model 1.115 0.549-2.268 0.763 1.08 0.509-2.291 0.841

Additive model 1.231 0.836-1.814 0.292 1.217 0.809-1.830 0.346
rs9916351

Dominant model 4173 2.290-7.606 <0.001* 4.271 2.268-8.045 <0.001*

Recessive model 3.152 1.585-6.267 0.001* 3.282 1.598-6.741 0.001*

Additive model 0.199 1.727-3.764 <0.001* 2.589 1.722-3.891 <0.001*
rs9913636

Dominant model 0.345 0.195-0.610 <0.001* 0.321 0.176-0.588 <0.001*

Recessive model 0.368 0.148-0.919 0.032* 0.414 0.162-1.06 0.066

Additive model 0.217 0.301-0.706 <0.001* 0.455 0.290-0.713 <0.001*
rs8074015

Dominant model 0.359 0.206-0.627 <0.001* 0.321 0.176-0.588 <0.001*

Recessive model 0.348 0.148-0.818 0.015* 0.4053 0.169-0.972 0.043*

Additive model 0.208 0.311-0.703 <0.001* 0.469 0.305-0.722 <0.001*
rs112735431

Dominant model N/A N/A N/A N/A

Recessive model N/A N/A N/A N/A

Additive model

GA N/A N/A N/A N/A
AA N/A N/A N/A N/A

* Adjusting for age, bodyweight. Significant associations are marked with *.

1. The consequences include endothelial cell dysfunction,
smooth muscle cell dysfunction, and abnormal hemostasis,
all of which could aggravate the proliferation of smooth
muscle cells (SMCs) and result in vascular stenosis (9).
Liu er al. showed that RNF213 p.R4810K knockout
zebrafish presented abnormal sprouting vessels in the head
region (23). In addition, Kobayashi et a/. revealed that
mutation may be correlated with angiogenic capacities
and caused people more susceptible to insults of cerebral
hypoxia (8). In our study, we had found another two loci
polymorphisms (rs9916351and rs8074015) were also
significantly corelated with the morbidity of MMD. Thus,
in future, more studies focused on the mechanism of these
two polymorphisms with the disease are needed.

Although our results are potentially useful to identify
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MMD patients among the Chinese population, these
are preliminary observations and additional studies are
deemed imperative. Our study has a few limitations.
First, the mechanism of MMD is very complex, and we only
observed five SNPs; hence, these SNPS may not completely
explain the pathogenesis of this disease. Second, the small
sample size of MMD cases may introduce bias. Third,
only 16 hemorrhage patients were included in our study,
making it difficult to verify the role of polymorphism in
hemorrhagic MMD.

Conclusions

In summary, our results reveal the association of RNF213
rs9916351, rs9913636, rs8074015, and rs112735431
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Figure 1 Linkage disequilibrium analysis of SNPs in the MMD
samples. MMD), moyamoya disease.

Table 4 The frequency of each haplotype within a block

Case, control

Block Haplotype  Frequency frequencies P value
Block 1 GA 0.673 0.773, 0.587 0.001*
CG 0.287 0.191, 0.371 0.001*
GG 0.034 0.031, 0.037 0.7268

Significant associations are marked with *.

polymorphism with MMD in Chinese population. However,
these data need to be validated in a larger cohort of patients.
Furthermore, functional studies are necessary to investigate
whether and how these polymorphisms influence the key
pathways involved in the pathogenesis of MMD.
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