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ALK 유전자 다형성과 뇌출혈과의 상관성 연구
김수강
가톨릭관동대학교 임상병리학과

I investigated that ALK receptor tyrosine kinase (ALK) gene polymorphisms were contributed to
susceptibility to ICH in Korean population. I recruited 156 ICH patients and 425 healthy controls for this
study, respectively. rs1881421, rs1881420, rs3795850, and rs2246745 single nucleotide polymorphisms (SNPs)
were genotyped. The genotype and allele distributions of tested four SNPs was analyzed using the SNPStats,
SPSS 22.0, and the Haploview v.4.2 software. The Odd’s ratios (OR), 95% confidence intervals (CI), and P
values were calculated in allele and genotype models. I found that rs1881421, rs1881420, rs3795850, and
rs2246745 SNPs of ALK gene (rs1881421, OR=2.02, 95% CI=1.54-2.64, p<0.001; rs1881420, OR=0.53, 95%
CI=1.16-2.01, p=0.003; rs3795850, OR=1.54, 95% CI=1.17-2.02, p=0.002; rs2246745, OR=1.95, 95%
CI=1.46-2.60, p<0.001 in each allele analysis). And distributions of CC, GT, and GC haplotypes between the
ICH group and the control group also showed significant association with ICH (CC haplotype, p<0.001; GT
haplotype, p=0.006; GC haplotype, p<0.001). These minor alleles of tested four SNPs in ALK gene were
contributed to increased risk of development for ICH. Our findings suggested that the ALK gene may be a
risk factor for susceptibility to ICH.The Korea Internet of Things Society.
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요 약 본 연구에서는 ALK receptor tyrosine kinase (ALK) 유전자의 단일염기다형성이 뇌출혈의 발병에 관여하는

지를 연구하였다. 156명의 뇌출혈 환자와 425명의 정상인를 모집하였으며 네 개의 단일염기다형성에 대하여 상관성을
살펴보았다. 통계분석에서는 SNPstats, SPSS22.0, Haploview 프로그램을 활용하였다. Odd ratio, 95% 신뢰구간에서
는 genotype 모델 및 allele 모델에서 계산하였다. 통계분석결과, rs1881421, rs1881420, rs3795850, rs2246745 의 단일
염기다형성이 뇌출혈과 관련하여 유의성을 보였다. (rs1881421, OR=2.02, 95% CI=1.54-2.64, p<0.001; rs1881420,
OR=0.53, 95% CI=1.16-2.01, p=0.003; rs3795850, OR=1.54, 95% CI=1.17-2.02, p=0.002; rs2246745, OR=1.95, 95%
CI=1.46-2.60, p<0.001 in each allele analysis). CC, GT, and GC haplotypes 빈도 역시 유의성을 보였다. 네 개의 단일
염기다형성의 minor allele 가 뇌출혈의 발병을 증가시키는데 기여하였다. 이러한 연구 결과는 ALK 유전자가 뇌출혈
의 위험성과 관련 있음을 시사한다.
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1. Introduction

polymorphisms and ICH in Korean population.

Stroke is one of the severe cerebrovascular diseases.
According to American Heart Association, it is the 5th

2. Methods and Material

cause of death and a leading cause of disability in the
United States. Korea also reported that it is 2th cause

2.1 Subjects and Clinical Phenotypes

of death in Korean population and accounts for 50.3

Table 1 shows clinical information in the control

people per 100,000 in individuals 65 years and over in

group and the ICH group. I recruited the ICH patients

2014.

who visited the emergency room of K Medical Center

Intracerebral hemorrhage (ICH) is the most common

and the Stroke Center of the East-West Neo-Medical

subtype of stroke [1] and represented the highest rate

Center in Seoul, Republic of Korea, between October

among stroke patients in Korea [2]. Previous study in

2007 and September 2014 and control subjects from

America showed the different risk of development of

individuals for a general health checkup. Selection

ICH among the races [3]. Some other studies also

criteria of ICH subjects are as following; 1) the patients

reported the ethnic disparities in ICH incidence [4,5]. In

with ICH, 2) the patients do not have other causes of

addition to ethnic difference, the relation between

cerebrovascular events including stroke from trauma,

genetic variations and the risk of ICH has been

vascular malformation, brain tumors, and congenital

reported.

brain disorders. And selection criteria of control

Meta-analysis

in

2014

showed

that

angiotensin converting enzyme gene insertion/deletion

subjects are as following; 1) observed any clinical

polymorphism might be a susceptible marker for ICH in

symptoms such as neurological diseases, ischemic heart

Asian population [6].

diseases, immunological disease, or any other severe

ALK receptor tyrosine kinase (ALK) gene is located

diseases. Total of one hundred fifty-six Korean ICH

at 2p23 and expressed in the small intestine, testis, and

patients (mean age ± standard deviation, 57.1 ± 13.3

brain. The sequence of ALK gene is similar to the

years;

insulin receptor subfamily of kinases. Abnormal

twenty-five healthy control (mean age ± standard

expression of ALK gene is known to contribute to

deviation, 55.8 ± 13.3 years; male/female = 210/215)

malignant transformation [7]. Thus, many previous

were participated in this study. ICH patient were

studies focused the function of ALK gene on the cancer

diagnosis using computed tomography (CT) and

development. Mutations of ALK gene have been

magnetic resonance imaging (MRI) to confirm ICH.

reported that it had a relation to non-small-cell lung

The severity of neurologic symptoms by the National

cancer [8] and it was oncogenic in neuroblastoma [9].

Institutes of Health Stroke Survey (NIHSS) to

male/female=90/66)

and

four

hundred

In addition to oncogenic function, ALK gene is

investigate the neurological functional levels and the

important in the development of the brain and the

Modified Barthel Index (MBI) to investigate the quality

nervous system [10]. Previous study has shown that

of patients’ daily life was measured in each subjects.

genetic polymorphisms of ALK gene might be

This study was approved by the ethics review

associated with schizophrenia susceptibility [11].

committee of the Medical Research Institute, K

Many previous studies showed the relation of ALK

University

School

of

Medicine

(KMC-0806-01).

gene to various cancer or brain. But there have been no

Informed consent of each patient or guardian was

report for the association between ALK gene

obtained.

polymorphisms

and

ICH.

In

present

study,

I

investigated the association between the ALK gene

Association between polymorphism of ALK receptor tyrosine kinase(ALK) gene and risk of intracerebral hemorrhage

<Table 1> Clinical characteristics in stroke patients and
control subjects
ICH

Control

Male/female (n)

90/ 66

210/215

Age (mean±SD)

57.2±13.3

55.8±13.3

Smoking (-/+)

112/ 41

Hypertension (-/+)

41/114

Diabetes Mellitus

124/ 31

NIHSS score (mean±SD)

9.9±6.7

MBI score (mean±SD)

29.8±26.9

National Center for Biotechnology Information SNP
database (http://www.ncbi.nlm.nih.gov/SNP).
Total of four tagging SNPs (rs1881421, rs1881420,
rs3795850, and rs2246745) were selected. Genomic
DNAs were extracted from the whole blood of each
subject and genotypes were analyzed using direct
sequencing after polymerase chain reaction (PCR). For
sequences

of

group were analyzed using Haploview version 4.2
(Broad Institute).

tested

ALK genes were in the HWE (p>0.05; data not
shown). The genotypic and allelic distributions of
tested four SNPs are presented in Table 3. As shown

Selected SNPs in ALK genes were from the

primer

polymorphisms between the ICH group and the control

The genotypic distributions of tested four SNPs in

2.2 SNP selection and gentoyping

the

in linkage disequilibrium (LD) among tested ALK

3. Result

ICH, intracerebral hemorrhage; NIHSS, national institutes of
health stroke survey; MBI, modified Barthel index.

PCR,
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four

polymorphisms were showed in table 2.
<Table 2> Primer sequences for tested four polymorphism.

in Table 3, genotypes and alleles of rs1881421,
rs1881420, rs3795850, and rs2246745 SNPs of ALK
gene were associated with ICH. All four SNPs showed
significant associations with ICH. The rs1881421
showed the association with ICH in the codominant2,
dominant, recessive, log-additive model, and allele
model (p<0.05) except in codominant1 model. The allele
frequencies of rs1881421 (C and G) were 0.583 and
0.417 in ICH patients and 0.738 and 0.262 in control
subjects and the genotype frequencies (CC, CG, and
GG) were 0.385, 0.397, and 0.218 in ICH patients and
0.556, 0.364, and 0.080 in control subjects, respectively.
The frequencies of G allele were significantly increased

SNPs

Sense primer (5'-3')

Antisense primer (5'-3')

rs1881421

GGTTCCTCCTCTCCTGGTCT

GGAAGTGACGTAGCCTGAACA

in ICH patients compared to control subjects. The

rs1881420

GGTTCCTCCTCTCCTGGTCT

GGAAGTGACGTAGCCTGAACA

rs1881420 showed the association with ICH in the

rs3795850

CCCTGGTTGGAATCCTTCTT

GTGAGCTGAGAACTGCAGCCT

rs2246745

CAGGGTCCTGAGGTCAACTC

TGGCTCCCACCAGGATACAG

codominant2, dominant, log-additive model, and allele
model (p<0.05) except for codominant1 and recessive
model. The allele frequencies of rs1881420 (C and T)

2.3 Statistical Analysis

were 0.652 and 0.348 in ICH patients and 0.741 and

The codominant1, codominant2, dominant, recessive,

0.259 in control subjects and the genotype frequencies

Hardy-Weinberg

(CC, CT, and TT) were 0.439, 0.426, and 0.136 in ICH

equilibrium (HWE) test were analyzed using SNPStats

patients and 0.560, 0.360, and 0.079 in control subjects,

(http://bioinfo.iconcologia.net/index.php) and SPSS 22.0

respectively. The frequencies of T allele were

(SPSS Inc, Chicago, IL, USA). The logistic regression

significantly increased in ICH patients compared to

analyses were used to estimate odds ratios (ORs) and

control subjects. The rs3795850 showed the association

95 % confidence intervals (CIs) for the relations

with ICH in the codominant1, codominant2, dominant,

between genotypes of ALK gene polymorphisms and

log-additive model, and allele model (p<0.05) except for

ICH. Allele frequencies between different groups were

recessive model (OR=1.58, 95%CI=0.91-2.76, p=0.110).

log-additive

models

and

the

assessed using chi-square test. The haplotype analysis

The allele frequencies of rs3795850 (T and G) were
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<Table 3> Logistic regression analysis of ALK gene polymorphisms between control subjects and ICH patients.
SNPs

ALK
rs1881421

ALK
rs1881420

ALK
rs3795850

ALK
rs2246745

Genotype
Allele
C/C
C/G
G/G

Control
n (%)
252 (55.6)
165 (36.4)
36 (8.0)

ICH
n (%)
60 (38.5)
62 (39.7)
34 (21.8)

C
G
C/C
C/T
T/T

669 (73.8)
237 (26.2)
255 (56)
164 (36)
36 (7.9)

182 (58.3)
130 (41.7)
68 (43.9)
66 (42.6)
21 (13.6)

C
T
T/T
T/G
G/G

674 (74.1)
236 (25.9)
245 (54.0)
166 (36.6)
43 (9.5)

202 (65.2)
108 (34.8)
62 (40.0)
71 (45.8)
22 (14.2)

T
G
T/T
T/A
A/A

656 (72.2)
252 (27.8)
302 (66.5)
131 (28.9)
21 (4.6)

195 (62.9)
115 (37.1)
80 (51.3)
54 (34.6)
22 (14.1)

T
735 (80.9)
214 (68.6)
A
173 (19.1)
98 (31.4)
ICH, intracerebral hemorrhage; OR, odd ratio; CI, confidence interval.

Models
Codominant1
Codominant2
Dominant
Recessive
Log-additive

Codominant1
Codominant2
Dominant
Recessive
Log-additive

Codominant1
Codominant2
Dominant
Recessive
Log-additive

Codominant1
Codominant2
Dominant
Recessive
Log-additive

OR (95% CI)
1.51
3.81
1.92
3.16
1.84
1
2.02
1.44
2.07
1.56
1.76
1.44
1
1.53
1.62
1.99
1.70
1.58
1.47
1
1.54
1.54
3.98
1.87
3.42
1.81
1
1.95

p

(1.00-2.27)
(2.19-6.60)
(1.32-2.80)
(1.89-5.28)
(1.42-2.40)

0.060
0.000
0.001
<0.001
<0.001

(1.54-2.64)
(0.97-2.14)
(1.13-3.80)
(1.07-2.26)
(0.99-3.13)
(1.10-1.89)

<0.001
0.080
0.025
0.019
0.061
0.009

(1.16-2.01)
(1.09-2.41)
(1.10-3.59)
(1.17-2.46)
(0.91-2.76)
(1.12-1.92)

0.003
0.017
0.031
0.005
0.110
0.005

(1.17-2.02)
(1.03-2.31)
(2.07-7.66)
(1.29-2.72)
(1.81-6.46)
(1.37-2.41)

0.002
0.044
<0.001
0.001
<0.001
<0.001

(1.46-2.60)

<0.001

0.629 and 0.371 in ICH patients and 0.722 and 0.278 in
control subjects and the genotype frequencies (TT, TG,
and GG) were 0.400, 0.458, and 0.142 in ICH patients
and 0.540, 0.366, and 0.095 in control subjects,
respectively. The frequencies of G allele were
significantly increased in ICH patients compared to
control subjects. The rs2246745 showed the association
with ICH in all model; codominant1 (OR=1.54,
95%CI=1.03-2.31,
95%CI=2.07-7.66,
95%CI=1.29-2.72,
95%CI=1.81-6.46,

p=0.044),
p<0.001),
p=0.001),
p<0.001),

codominant2

(OR=3.98,

dominant

(OR=1.87,

recessive

(OR=3.42,

log-additive

(OR=1.81,

95%CI=1.37-2.41, p<0.001) model, and allele model
(OR=1.95,

95%CI=1.46-2.60,

p<0.001).

The

allele

frequencies of rs2246745 (T and A) were 0.686 and

Block 1 consists of rs1881421, rs1881420, and
rs3795850 in ALK gene.

[Fig. 1] LD blocks of ALK gene.

0.314 in ICH patients and 0.809 and 0.191 in control
subjects and the genotype frequencies (TT, TA, and

The frequencies of A allele were significantly increased

AA) were 0.513, 0.346, and 0.141 in ICH patients and

in ICH patients compared to control subjects. The

0.665, 0.289, and 0.046 in control subjects, respectively.
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rs1881421, rs1881420, and rs3795850 were in complete

In this study, I have investigated the rs1881421,

LD in our study (Fig. 1). As shown in table 4, I found

rs1881420, rs3795850, and rs2246745 SNPs in ALK

that the CC, GT and GC haplotypes were associated

gene. In these SNPs, rs1881421 is a missense mutation

with ICH in haplotype analysis using Haploview 4.2.

and results in an amino acid change (Asp to Glu). It is
reported to be associated with a low response to

<Table 4> Haplotype analysis of ALK gene polymorphisms
in control subjects and ICH patients.
Control

ICH

Haplotype

Frequency

CC

0.693

622.9 227.1 181.0 129.0 23.696 <0.001

GT
GC

0.287
0.020

225.0 625.0 107.9 202.1 7.696 0.006
2.1 847.9 21.1 288.9 50.011 <0.001

+

-

+

-

Chi
Square

p

ICH, intracerebral hemorrhage.

ethanol and might be involved in the development of
alcohol use disorders [27]. And previous whole genome
sequencing study showed that rs1881421 and rs1881420
SNPs might be cancer-susceptibility genes [28]. Some
authors

detected

rs3795850

SNP

in

lung

adenocarcinoma patient [29]. ALK was first described
related

to

non-Hodgkin's

lymphoma

and

the

associations between ALK gene polymorphisms and
cancer had been well reported as mentioned above. But

4. Discussion

in addition to that, previous study in mice showed the

Previous study suggested that genetic factor

wide expression of ALK in central nervous systems

backgrounds were contributed to development of ICH

and other parts of the brain [30]. And another study

[12]. Several genetic studies have investigated and

reported that ALK is specifically present during dorsal

reported the relationship between ICH and specific

root ganglion development and play a role in the

polymorphisms of candidate genes. However, the

neurons-Schwann cells interaction [31]. In spite of role

genetic markers for development of ICH is still poorly

of ALK in nervous system, there have been no reports
on the association between ALK gene polymorphisms

understood [13,14].
Our results have shown the significant association

and ICH. This paper might be the first article for the

between ALK gene polymorphisms and ICH. Many

relation of

previous studies reported the genetic effects on the

susceptibility.

development

of

ICH.

The

FGA

ALK gene

polymorphisms

to

ICH

Thr312Ala

polymorphism can be a risk factor for ICH in the Polish
[15]. In addition, genes such as MMP-9, TIMP-1 [16],
Aquaporin 4 [17], NADPH [18], IL-1B, IL-1A, IL-1RN
[19], APOE [20], COL3A1 [21], HindIII [22], and so on,
are reported to be associated with a risk of ICH.
It is observed to have a role in cancer as part of the
fusion gene nucleophosmin (NPM)-ALK in anaplastic
large cell lymphomas ALK gene is located in 2p23. And
ALK gene encodes a transmembrane tyrosine kinase
receptor. It is important role in the development of
nervous system during embryogenesis [10,23,24,25].
Several studies reported that the rearranged, mutation,
and over expression of ALK gene showed in anaplastic
large cell lymphomas, neuroblastoma, and non-small
cell lung cancer [26].

5. Conclusions
In present case and control study, I evaluated the
association between ALK gene polymorphisms and
ICH susceptibility in Korean population. Our present
results showed the significant association between
ALK gene polymorphisms and ICH susceptibility in
Korean population. To clarify this relation, more future
works in larger study samples or different populations
need to be performed to confirm our results. If more
results in various populations would be accumulated in
further studies, the relation between ALK gene
polymorphisms and ICH would be clarified and that
would help improving clinical prognosis.
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