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Abstract

Objectives RNF213 p.R4810K is a founder polymorphism

that confers genetic susceptibility to moyamoya disease in

East Asia. Only a few studies have investigated the

symptoms and disease histories of RNF213 p.R4810K

carriers in Japan. This study investigated the frequency of

RNF213 p.R4810K in the general Japanese population and

the health characteristics of the carriers.

Methods Through a health-promotion campaign in the city

of Uji, Japan, 519 subjects (120 males and 399 females) of

the general Japanese population were genotyped for

RNF213 p.R4810K and interviewed to determine health

characteristics.

Results Nine RNF213 p.R4810K heterozygous carriers

(GA genotype) and no RNF213 p.R4810K homozygous

carriers (AA genotype) were found among the 519 indi-

viduals. The estimates of the genotypes and allele fre-

quencies for RNF213 p.R4810K were 1.73 and 0.87 %,

respectively. There were no obvious differences in age,

gender ratio, body mass index, hypertension, dyslipi-

demia, diabetes, kidney disease, liver disease, heart

disease, or drinking or smoking habits between carriers

and non-carriers. Interestingly, one patient with moy-

amoya disease was found among the nine RNF213

p.R4810K carriers.

Conclusions This study showed the genotypes and allele

frequencies of RNF213 p.R4810K in the general Japanese

population to be similar to results of previous reports.
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Introduction

Moyamoya disease (MMD) is an idiopathic vascular

disorder of intracranial arteries [1]. MMD occurs with the

highest prevalence in East Asian countries, including

Japan, Korea, and China, compared with other countries

worldwide [2–5]. Recently, RNF213 has been identified

as a susceptibility gene for MMD. The p.R4810K poly-

morphism (c.14429G[A: rs112735431) in RNF213 has

a strong association with the disease in Japanese, Korean,

and Chinese MMD patients [6, 7], and the frequency of

p.R4810K in the general Japanese population has been

estimated at 1.4–2.7 % [6–11]. However, no studies have

investigated symptoms and disease histories of RNF213

p.R4810K carriers in the general Japanese population,

except for one report that tested the association of

RNF213 p.R4810K with blood pressure [10]. In this

study, our major objective was to investigate the fre-

quency of RNF213 p.R4810K in 519 Japanese individuals

from the city of Uji, Japan, and to determine the health

characteristics of the carriers. We aimed to determine

whether RNF213 p.R4810K carriers have specific health

problems.
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Materials and methods

Study population

A total of 519 Japanese individuals were recruited between

2008 and 2015 from the participants of a health-promotion

campaign in Uji, Kyoto Prefecture, Japan. For each par-

ticipant, we chose the latest data collected in the health-

promotion campaign for analysis. Participant information,

including age, sex, history of hypertension (HT), dyslipi-

demia (DL), diabetes, heart disease, liver disease, kidney

disease, any other disease, and drinking and smoking

habits, were collected by interview. These diseases were

defined as self-reported physician diagnosis or pharma-

ceutical treatment. Body weight was measured in light

clothes on a scale, and height was measured with a sta-

diometer. Body mass index [BMI, weight (kg)/height (m2)]

was calculated. Ethical approval for this study was given

by the Institutional Review Board and Ethics Committee of

Kyoto University School of Medicine, Kyoto, Japan (G182

and G342). Written informed consent was obtained from

all individual participants included in this study.

DNA extraction and genotyping of RNF213

p.R4810K

Genomic DNA was extracted from blood samples using a

QIAamp DNA Blood Mini Kit (QIAGEN, Germany)

according to the manufacturer’s protocol. The DNA was

stored at -20 �C until analysis. Genotyping of p.R4810K

was conducted using a TaqMan probe (Custom TaqMan�

SNP Genotyping Assays; Applied Biosystems, Foster City,

CA, USA) and a 7300/7500 Real-Time PCR System (Ap-

plied Biosystems) as described previously [7].

Statistical analyses

All data analysis was carried out using JMP pro version

11.2.0 (SAS, Cary, NC, USA). Continuous variables (age,

sex, and BMI) are presented as the mean ± standard

deviation (SD) and age was compared using Student’s

t test. Categorical variables (HT, DL, diabetes, drinking,

smoking, kidney disease, liver disease, and heart disease)

are presented as proportions. P values\0.05 were con-

sidered statistically significant.

Results

The demographic characteristics and frequency of RNF213

p.R4810K among the participants of this study are shown

in Table 1. There were 120 men and 399 women. Among

the 519 individuals, nine (1.73 %) had the GA genotype for

p.R4810K and none had the AA genotype. We compared

the health characteristics of individuals with and without

p.R4810K (Table 2). There were no significant differences

in age between GG and GA groups. Furthermore, no

obvious differences were observed in gender ratio, BMI,

HT, DL, diabetes, kidney disease, liver disease, heart dis-

ease, or drinking or smoking habits between GG and GA

groups. We confirmed that there was no blood-relationship

among the nine individuals with p.R4810K. Interestingly,

one patient with MMD was found among the nine RNF213

p.R4810K carriers, while none were found among the non-

carriers. The MMD patient was a 43-year-old female who

has no history of HT, DL, diabetes, kidney disease, liver

disease, and heart disease, and drinking and smoking

habits.

Discussion

This study showed that the genotypes and allele frequen-

cies of RNF213 p.R4810K in the general Japanese popu-

lation were 1.73 and 0.87 %, respectively, which are

similar to frequencies previously reported [6–11]. Geo-

graphic distribution of RNF213 p.R4810K in East Asian

Table 1 Demographic characteristics and frequency of RNF213

p.R4810K in study participants

Number, n 519

Age (years), mean ± SD 62.99 ± 15.47

Male sex, n (%) 120 (23.12)

Hypertension, n (%) 119 (22.93)

Dyslipidemia, n (%) 46 (8.86)

Diabetes, n (%) 29 (5.59)

Drinking, n (%) 272 (52.40)

Smoking, n (%) 97 (18.69)

Kidney disease, n (%) 23 (4.43)

Liver disease, n (%) 29 (5.59)

Heart disease, n (%) 58 (11.18)

BMI (kg/m2), mean ± SD 21.96 ± 3.30

Genotype

GG 510

GA 9

AA 0

Carrier frequency of p.R4810K (%) 1.73

Allele

G 1029

A 9

Minor allele frequency (%) 0.87

BMI body mass index, SD standard deviation
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Table 2 Characteristics of the study population according to RNF213 p.R4810K variant genotypes

GG GA P value

Number, n 510 9

Age (years),

mean ± SD (range)

63.0 ± 15.4 (21–91) 62.0 ± 19.2

(34–88)

0.9

Male sex, n (%) 119 (23.3) 1 (11.1)

BMI (kg/m2),

mean ± SD

22.0 ± 3.3 21.2 ± 3.2

Hypertension, n (%) 118 (23.1) 1 (11.1)

Dyslipidemia, n (%) 46 (9.0) 0 (0)

Diabetes, n (%) 29 (5.7) 0 (0)

Kidney disease, n (%) 22 (4.3) 1 (11.1)

Liver disease, n (%) 29 (5.7) 0 (0)

Heart disease, n (%) 58 (11.4) 0 (0)

Drinking, n (%) 269 (52.8) 3 (33.3)

Smoking, n (%) 96 (18.8) 1 (11.1)

Other diseases, na Cancer, 15; tumor, 6; cerebral infarction, 6; anemia, 3; uterine fibroids, 2; stomach ulcer, 6;

vestibular neuritis, 1; duodenal ulcers, 3; hemorrhoids, 1; tuberculosis, 3; connective

tissue disease, 2; allergies, 64; joint disease, 5; hypothyroidism, 5; hyperuricemia, 1;

reflux esophagitis, 1; osteoporosis, 5; cataract, 4; non-tuberculous bacteria disease, 1;

macroglobulinemia, 1

MMD, 1;

osteoporosis,

1; connective

tissue

diseases 1

Continuous variables are expressed as mean ± SD. Categorical variables are expressed as percentages

BMI body mass index, SD standard deviation, MMD moyamoya disease
a The number of participants who has/had the disease is shown

Table 3 Geographic distribution of RNF213 p. R4810K in East Asian populations

Country Location Genotype of p.R4810K Sample size Carrier frequency % MAF % References

GG GA AA

Japan Uji city 510 9 0 519 1.73 0.87 This study

Mainland 1339 32 3 1374 2.55 1.38 [9]

Mainland 374 9 1 384 2.60 1.43 [7]

Okinawa 98 2 0 100 2.00 1.00 [9]

Nyukawa 959 23 2 984 2.54 1.39 [10]

Noshiro 2432 11 0 2443 0.45 0.23 [10]

Fielda 857 23 1 881 2.72 1.44 [10]

Unknown 423 6 0 429 1.40 0.70 [6]

Unknown 278 5 0 283 1.77 0.89 [8]

Unknown 108 2 0 110 1.81 0.92 [11]

China Northern part 339 3 0 342 0.88 0.44 [9]

Southern part 243 2 0 245 0.82 0.41 [9]

Unknown 148 2 0 150 1.33 0.67 [7]

Unknown 505 2 0 507 0.39 0.20 [13]

Korea Mainland 223 6 0 229 2.62 1.33 [9]

Jeju-do 63 2 0 65 3.08 1.56 [9]

Unknown 217 6 0 223 2.69 1.35 [7]

Unknown 1479 37 0 1516 2.44 1.24 [12]

MAF minor allele frequency
a Field, field study in the western part of Japan, i.e., Niigata, Ishikawa, Toyama, Tokyo, Gunma, Nagoya, Aichi, Shiga, Kyoto, Kochi, Ehime,

Shimane, Yamaguchi, and Kagoshima
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populations is shown in Table 3. Regional differences of

carrier frequency and minor allele frequency occur in the

populations of Asian countries. Carrier frequency and

minor allele frequency are relatively high in Korea

[7, 9, 12], but low in China [7, 9, 13]. In Japan, the values

are between those in Korea and China, except for in the

city of Noshiro (in which the values are extremely low).

Furthermore, a previous study suggested that RNF213

p.R4810K is significantly associated with systolic blood

pressure [10]. Although we observed no obvious differ-

ences between GG and GA groups, additional information,

such as blood pressure, should be collected from each

participant in future studies. In addition, detailed symptoms

and disease histories and laboratory data of subjects are

needed to enable further investigation of the association of

p.R4810K with other diseases in the general population.

Limitations of this study

This study has several limitations. The information about

the participants’ history of HT, DL, diabetes, heart disease,

liver disease, kidney disease, any other disease, and

drinking and smoking habits were self-reported by inter-

view questionnaire. The sample size was relatively small

and the percentage of females was large (76.87 %).

Because of these limitations, it is hard to compare our data

with general population data of other studies. In addition,

blood pressure was not recorded in participating subjects,

so our study lacks statistical power. One strength of this

study is that we recorded the past and present health

problems in a relatively older generation, revealing the

absence of specific serious health problems. A large cohort

study is needed to confirm our observations.
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