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Abstract: Background: A recent genome wide association study in Chinese Han Population has implicated
rs10757274 A/G polymorphism on chromosome 9p21.3 was associated with coronary heart disease (CHD), and
diabetes may have a modifying role. In this study, we aimed to evaluate the association of the SNP with CHD in the
presence and absence of type 2 diabetes mellitus (T2D) in a Chinese population. Methods and Results: SNP of
rs10757274 at 9p21.3 locus was genotyped in 1,168 CHD patients and 294 controls, among which all cases were
diagnosed through angiography. We compared subjects using a dominant model for the risk allele G; AG (n = 735),
GG (n =302) vs. AA (n = 425), multivariate liner regression was used with adjustment for age, sex, ethnicity, smok-
ing status, alcohol intake, hypertension, hyperlipidemia and diabetes. In addition, we evaluated diabetes-specific
genetic effect on CHD. There was a significant association between rs10757274 A/G polymorphism and CHD, both
for AG (OR = 1.40, 95% CI: 1.03-1.91) and GG (OR = 2.48, 95% Cl: 1.64-3.76) genotypes vs. AA genotype. While
further diabetes-specific analysis showed different results between AG and GG vs. AA genotypes for the association
of rs10757274 with CHD in the presence and absence of T2D. GG is associated with CHD in both with and without
diabetes while AG is associated with CHD only in diabetes. Conclusions: The rs10757274 A/G polymorphism was

associated with greater risk of CHD, and this association may be modified by diabetes status.
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Introduction

Coronary heart disease (CHD) is a complex
multifactorial disorder for which genetic fac-
tors, environmental factors, and their interac-
tion have been identified to be responsible for
the etiology. As for genetic factors, the geno-
me wide scanning has discovered several loci
were associated with CHD. To date, the 9p21.3
locus CHDSS8 is the most consistently replicat-
ed genetic locus for CHD [1-6]. It consists of
58-kbs and contains no annotated genes and
is not associated with established CHD risk
factors such as hyperlipidemia, hypertension,
or diabetes. A single nucleotide polymorphism
(SNP) in this locus, rs10757274 A/G has been
replicated to be associated with CHD in some
Caucasian populations [1, 7, 8], most excitingly,
it was also replicated in Chinese population

recently [9]. Since then, studies performed in
Chinese population have shown that rs10757-
274 A/G polymorphism is not only associated
with CHD [10], but also associated with stroke
[11], and peripheral artery disease [12]. But
obviously, more studies are needed to replicate
and confirm its relationship with CHD.

Type 2 diabetes mellitus (T2D) is a CHD equiva-
lent, and once CHD is concomitant with T2D, it
usually representing itself as diffused, calcified,
3-vessel disease. Thus, T2D amplified the risk
of complications in CHD. Genetic determinant
for T2D is also located on human chromosome
9p21.3, which is located adjacent to CHDSS8.
This pattern of location has raised a research
interest, and it's important to investigate the
association of genetic variation with CHD, in the
presence, and absence of T2D.
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So, the current study was undertaken to evalu-
ate the association of rs10757274 A/G poly-
morphism and risk of CHD, and whether this
association will be modified by the concomitant
status of diabetes.

Material and methods
Study population

The study participants were patients under-
going coronary angiography for suspected or
known coronary atherosclerosis at Peking Uni-
versity First Hospital (Beijing, China) who con-
sented to participate the study. Between June
2012 and May 2013, we selected a total of
1,462 consecutive patients (951 men and 511
women), who were all angiographically ascer-
tained to have CHD or not. The criteria for
diagnosis of CHD is 1) a > 50% stenosis of at
least one segment of a major coronary artery or
their main branches confirmed by coronary
angiography with typical angina; or 2) a history
of documented myocardial infarction; or 3) a
history of revascularization. Control subjects
were those without coronary stenosis > 50%
at angiography, without a history of document-
ed myocardial infarction, or a history of revas-
cularization. All enrolled participants provided
written consents. This study had been appro-
ved by the Ethics Committee of the Peking Uni-
versity First Hospital prior to commencement.

Information collection

Demographic and medical history data were
obtained from each participant, including age,
sex, ethnicity, body mass index (BMI), smoking
status, alcohol intake, hypertension, hyperlipid-
emia and diabetes. Smoking status was defined
as current active smokers or those with smok-
ing history at least 10 pack-year, while alco-
hol intake was defined as consuming alcohol
more than 50 g per week for at least 6 mon-
ths. Weight and height were measured when
the subjects lightly clothed and barefooted,
and BMI was calculated as weight divided by
the square of height (kg/m?). Overnight fasting
blood samples were obtained from all partici-
pants, and measurements of the plasma con-
centrations of glucose, total cholesterol (TCHO),
low density lipoprotein cholesterol (LDL-C), high
density lipoprotein cholesterol (HDL-C) and tri-
glyceride (TG) were conducted in the clinical
laboratory of the Peking University First Hospital
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according to the standard biochemical meth-
ods. D2M was diagnosed according to the WHO
criteria in 1999 [13]; hypertension was defined
as systolic blood pressure > 140 mmHg or
diastolic blood pressure > 90 mmHg based on
the average of two separate measurements, or
antihypertensive treatment currently; hyperlip-
idemia was diagnosed as fasting total choles-
terol > 200 mg/dL or low-density lipoprotein
cholesterol > 130 mg/dL, or lipid lowering ther-
apy currently.

Determination of genotypes

Genomic DNA was extracted from each partici-
pant’s peripheral blood leucocytes by using the
method of protein precipitation following stan-
dard procedures. All the DNA samples were
quantified using Nanophotometer (Implen, Ger-
many) and were diluted to a final concentration
of 50 ng/uL. SNP genotyping was performed
using the single base primer extension geno-
typing technology with the GenomelLab SNP-
stream genotyping system (Beckman Coulter
Inc, Fullerton, CA, USA) following the manufac-
turer’s protocol [14]. 10% of blind duplicate
samples were genotyped repeatedly and the
rate of consistency was 100%.

Statistical analysis

Data were analyzed using Statistics Package
for Social Sciences software (SPSS, version
16.0; Chicago, IL, USA). The continuous vari-
ables were presented in the form of Mean *
SD, two-sample t test was adopted to com-
pare their means. The comparison of categori-
cal variables and the test of Hardy-Weinberg
Equilibrium (HWE) among all participants were
conducted using Pearson’s x? test. Uncondi-
tional logistic regression (ULR) was performed
to estimate the association (Odds ratios (ORSs)
and 95% confidence intervals (Cls) between
rs10757274 polymorphisms and CHD, adjust-
ing for potential confounders, including age,
seX, ethnicity, smoking status, alcohol intake,
hypertension, hyperlipidemia and diabetes. Ge-
ne-environmental interactions were examin-
ed by using the generalized multifactor dimen-
sionality reduction (GMDR, version 0.7, obtain-
ed from http://www.healthsystem.virginia.edu/
internet/Addiction-Genomics/software/) meth-
od [14], adjusting for age, gender, ethnicity as
covariates. GMDR is a nonparametric method
reducing the high-dimensional data into one
dimension. In this study, one to five factor mod-
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Table 1. Baseline characteristics

AA genotype, subjects with

AG genotype had slightly

Controls CHD patients P value ) -
: e o e e
. () . . -1,
A 61.98 + 10.70 64.23 + 10.81 0.002 ) . . 4
ge (year_s) while subjects with GG
Male subjects (%) 47.6 69.4 <0.001 ignifi
R 995429 3.6 4 3.6 <0.001 genotype had significant-
BMI (kg/m) SE2. 6+3. - ly higher risk of CHD
Han people (%) 94.2 96.7 0.045 (OR =248 95% Cl: 1.64-
Alcohol drinking (%) 26.2 35.5 <0.001 age, sex, ethnicity, smok-
Hypertension (%) 64.6 73.1 0.004 ing status, alcohol intake,
Diabetes (%) 24.1 40.8 <0.001 hypertension, hyperlipide-
Hyperlipidemia (%) 39.8 44.6 0.138 mia, and diabetes.

Data shown in the table: body mass index (BMI, kg/m?).

Table 2. Hardy-Weinberg equilibrium test for rs10757274 genotype

frequencies among all patients (N = 1,462)

We further analyzed the
association of the rs10-
757274 A/G polymorph-
ism with the risk of CHD

with the patients strati-

Combarator rs10757274 genotype Allele _ _

p GGn(%) AGn(%) AAn(%) Gn(%) An(%) fied by diabetes (Table 4).
Observed frequencies 312 (21.2) 735 (49.9) 425 (28.9) (46.16) (53.84) The SUb_gFOUD analysis sh-
Expected frequencies ~ 313.7 731.7 426.7 owed different results for

x> = 2 (observed frequencies-expected frequencies)?/expected frequencies = 0.382, df
=1, P=0.537. Rs10757274 genotype information was available for 1,462 patients.

els were constructed and the highest predic-
tion accuracy model was defined as the “best
model”, and sign statistical test P < 0.05 is
considered that the model is significant, then
1000 times permutation test was performed
to validate the results.

Results

A total of 1168 CHD patients and 294 controls
were studied in the present study. Demographic
characteristics of the study subjects are sum-
marized in Table 1. There were more males,
hypertensive, diabetes, cigarette smokers and
alcohol drinkers in the CHD group than in the
control group, and the differences between the
two groups were significant. BMI in the CHD
group was significantly higher than in the con-
trol group.

Genotype frequencies for the rs10757274 A/G
polymorphism were AA: 33.3%, AG: 51.0%, GG:
15.6% in the control group, and AA: 28.0%, AG:
50.1%, GG: 21.9% in the CHD group. The geno-
type distribution was in Hardy-Weinberg equilib-
rium (Table 2).

The association of the rs10757274 A/G poly-

morphism with the risk of CHD was summa-
rized in Table 3. As compared to subjects with
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the association of rs107-
57274 A/G polymorphism
with CHD: compared to
subjects in the absence of
diabetes with AA genotype, subjects in the
presence of diabetes with both AG and GG
genotypes had significantly higher risk of CHD
(OR = 3.93, 95% Cl: 2.40-6.44, P < 0.001; OR
=4.66, 95% Cl: 2.14-10.14, P < 0.001; respec-
tively). However, compared to subjects in the
absence of diabetes with AA genotype, sub-
jects in the absence of diabetes with AG geno-
type turned out to be not significantly associ-
ated to the risk of CHD (OR = 1.35, 95% CI:
0.93-1.96, P = 0.114), while subjects with GG
genotype were consistently associated with
a significantly higher risk of CHD (OR = 2.66,
95% Cl: 1.65-4.28, P < 0.001), which indicated
that potential gene-environmental interaction
was likely to exist between Diabetes and rs-
10757274 polymorphism with the risk of CHD.

Finally, we performed a GMDR analysis using
CHD as an endpoint to show the interaction
between rs10757274 A/G polymorphism, dia-
betes, smoking and etc. (Table 5). After 1000
permutation tests, we found that among all
the two-comparator-models, diabetes and rs-
10757274 A/G polymorphism has the most
significant and highest accuracy of the inter-
action (accuracy is 60.60%, P < 0.001), which
confirmed that Diabetes is likely to have an in-
teraction with rs10757274 polymorphism when
contributing the increased risk of CHD.
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Table 3. Associations of rs10757274 with coronary heart disease

Control subjects (n = 294) CHD patients (n = 1168) OR (95 CI) P ORadj (95 CI)* P
AA 98 (33.3) 327 (28.0) 1.00 1.00
AG 150 (51.0) 585 (50.1) 1.17 (0.88-1.56) 0.289 1.40(1.03-1.91) 0.032
GG 46 (15.6) 256 (21.9) 1.67 (1.13-2.45) 0.010 2.48(1.64-3.76) < 0.001

*Adjusted for age, sex, ethnicity, smoking status, alcohol intake, hypertension, hyperlipidemia and diabetes.

Table 4. Associations of rs10757274 A/G polymorphism with CHD in the presence and absence of

diabetes
Comparator CHD vs. Control
rs10757274 OR (95 CI) P ORadj (95 Cly* P
Absence of diabetes AA 1.00 1.00
AG 1.30 (0.91, 1.85) 0.145 1.35(0.93, 1.96) 0.114
GG 2.14 (1.36, 3.37) 0.001 2.66 (1.65, 4.28) <0.001
Presence of diabetes AG 3.21 (2.00, 5.15) <0.001 3.93(2.40, 6.44) <0.001
GG 3.58 (1.69, 7.57) < 0.001 4.66 (2.14, 10.14) <0.001
*Adjusted for age, sex, ethnicity, smoking status, alcohol intake, hypertension and hyperlipidemia.
Table 5. GMDR models of gene-environmental interactions on Ml risk
Models” Prediction accuracy  CVC PpermT
Diabetes 58.84 10/10 < 0.001
Diabetes, rs10757274 60.60 10/10 < 0.001
Diabetes, Alcohol drinking, rs10757274 58.41 7/10 <0.001
Diabetes, hyperlipidemia, Alcohol drinking rs10757274 54.29 4/10 0.022
Diabetes, hyperlipidemia, hypertension, Alcohol drinking, rs10757274 59.33 10/10 < 0.001

“Adjusting for age, gender, ethnicity as covariates. TP value from 1000 times permutation test.

Discussion

In the current study, we successfully replicated
the association between risk of CHD and
rs10757274 polymorphism, which had been
identified by whole genome scan, and replicat-
ed in association studies, in both Caucasian
populations and Chinese populations. We fur-
ther discovered that there exists an interaction
between the rs10757274 polymorphism and
diabetes which is novel, but common in the eti-
ology for complex disease.

Previous studies have shown that CHDSS8 in
which rs10757274 was located, was associat-
ed with a variety of phenotypes, like aortic
aneurysm [15], stroke [16], glioma [17], and
malignant melanoma [18]. However, the whole
genome region is not responsible for coding
any genes that has been proved to be related to
CHD, indicating its potential role in regulation
other genes. Animal studies have shown that
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deletion of the 70-kb noncoding interval on
mouse chromosome 4 which is orthologous to
human chromosome 9p21 could regulate car-
diac expression of neighboring genes, and influ-
ence the proliferation properties of vascular
cells [19]. It was shown that cardiac expression
of 2 genes near the noncoding interval, Cdkn2a
and Cdkn2b, was severely reduced in delta-
70-kb homozygous mice, and primary cultures
of aortic smooth muscle cells from homozygous
delta-70-kb mice exhibited excessive prolifera-
tion and diminished senescence, a cellular phe-
notype consistent with accelerated CHD patho-
genesis. So, we hypothesis that rs10757274
polymorphism, either directly altered the dis-
tant acting function of this interval, or indirectly
associated with CHD risk by being linkage dis-
equilibrium with another functional variation.

Our subgroup analyses showed that the asso-
ciation of rs10757274 A/G polymorphism with
risk of CHD was modified by the concomitant

Int J Clin Exp Med 2016;9(11):22387-22392
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diabetes. For the homozygous GG genotype, its
relationship with high risk of CHD was not
affected by diabetes, but for heterozygote AG
genotype, it was associated with high risk of
CHD in subjects with diabetes, but not in sub-
jects without diabetes. However, further inter-
action testing revealed that the interaction
between rs10757274 A/G polymorphism and
diabetes on CHD risk is statistical insignificant.
Obviously, this novel discovery needs further
confirmation, and once it could be conformed,
more effort are needed to explore the gene-
gene interaction in this chromosome region
which contains both CHD susceptible locus
and T2D susceptible locus.

There are several limitations of this study:
firstly, the control group patients were suspi-
cious of CHD undergoing angiography with no
significant stenosis rather than the truly healthy
people. Thus, the number of subjects are im-
balanced in the two groups; secondly, we only
genotyped the rs10757274 A/G polymorph-
ism, which kept us from doing any haplotype
analyses.

In conclusion, we confirmed in our study that
the rs10757274 A/G polymorphism is associ-
ated with greater risk of CHD, and this associa-
tion may be modified by diabetes.

Disclosure of conflict of interest

None.

Address correspondence to: Jianping Li, Depart-
ment of Cardiology, Peking University First Hospi-
tal, 8 Xishiku St., Xicheng District, Beijing 100034,
China. Tel: 8610-83575728; Fax: 8610-66137748;
E-mail: lijianping@medmail.com.cn

References

[1] McPherson R, Pertsemlidis A, Kavaslar N,
Stewart A, Roberts R, Cox DR, Hinds DA,
Pennacchio LA, Tybjaerg-Hansen A, Folsom
AR, Boerwinkle E, Hobbs HH, Cohen JC. A com-
mon allele on chromosome 9 associated with
coronary heart disease. Science 2007; 316:
1488-1491.

[2] Assimes TL, Knowles JW, Basu A, Iribarren C,
Southwick A, Tang H, Absher D, Li J, Fair JM,
Rubin GD, Sidney S, Fortmann SP, Go AS,
Hlatky MA, Myers RM, Risch N, Quertermous T.
Susceptibility locus for clinical and subclinical
coronary artery disease at chromosome 9p21
in the multi-ethnic ADVANCE study. Hum Mol
Genet 2008; 17: 2320-2328.

22391

(3]

(4]

(5]

(7]

Meng W, Hughes AE, Patterson CC, Belton
C, Kee F, McKeown PP. Chromosome 9p21.3
is associated with early-onset coronary heart
disease in the lIrish population. Dis Markers
2008; 25: 81-85.

Schunkert H, G6tz A, Braund P, McGinnis R,
Tregouet DA, Mangino M, Linsel-Nitschke P,
Cambien F, Hengstenberg C, Stark K, Blan-
kenberg S, Tiret L, Ducimetiere P, Keniry A,
Ghori MJ, Schreiber S, EI Mokhtari NE, Hall
AS, Dixon RJ, Goodall AH, Liptau H, Pollard
H, Schwarz DF, Hothorn LA, Wichmann HE,
Konig IR, Fischer M, Meisinger C, Ouwehand
W, Deloukas P, Thompson JR, Erdmann J,
Ziegler A, Samani NJ; Cardiogenics Consor-
tium. Repeated replication and a prospective
meta-analysis of the association between ch-
romosome 9p21.3 and coronary artery dis-
ease. Circulation 2008; 117: 1675-1684.
Wellcome Trust Case Control Consortium.
Genome-wide association study of 14,000
cases of seven common diseases and 3,000
shared controls. Nature 2007; 447: 661-678.
Coronary Artery Disease Consortium, Samani
NJ, Deloukas P, Erdmann J, Hengstenberg
C, Kuulasmaa K, McGinnis R, Schunkert H,
Soranzo N, Thompson J, Tiret L, Ziegler A.
Large scale association analysis of novel ge-
netic loci for coronary artery disease. Arterio-
scler Thromb Vasc Biol 2009; 29: 774-780.
Shen GQ, Rao S, Martinelli N, Li L, Olivieri
O, Corrocher R, Abdullah KG, Hazen SL, Smith
J, Barnard J, Plow EF, Girelli D, Wang QK.
Association between four SNPs on chromo-
some 9p21 and myocardial infarction is repli-
cated in an ltalian population. J Hum Genet
2008; 53: 144-150.

Broadbent HM, Peden JF, Lorkowski S, Goel A,
Ongen H, Green F, Clarke R, Collins R, Franzosi
MG, Tognoni G, Seedorf U, Rust S, Eriksson P,
Hamsten A, Farrall M, Watkins H; PROCARDIS
consortium. Susceptibility to coronary artery
disease and diabetes is encoded by distinct,
tightly linked SNPs in the ANRIL locus on chro-
mosome 9p. Hum Mol Genet 2008; 17: 806-
814.

Lu X, Wang L, Chen S, He L, Yang X, Shi Y,
Cheng J, Zhang L, Gu CC, Huang J, Wu T, Ma Y,
LiJ, Cao J,Chen J, Ge D, Fan Z, Li Y, Zhao L, Li
H, Zhou X, Chen L, Liu D, Chen J, Duan X, Hao
Y, Wang L, Lu F, Liu Z, Yao C, Shen C, Pu X, Yu
L, Fang X, Xu L, Mu J, Wu X, Zheng R, Wu N,
Zhao Q, Li Y, Liu X, Wang M, Yu D, Hu D, Ji X,
Guo D, Sun D, Wang Q, Yang Y, Liu F, Mao Q,
Liang X, Ji J, Chen P, Mo X, Li D, Chai G, Tang Y,
Li X, Du Z, Liu X, Dou C, Yang Z, Meng Q, Wang
D, Wang R, Yang J, Schunkert H, Samani NJ,
Kathiresan S, Reilly MP, Erdmann J; Coron-
ary ARtery Disease Genome-Wide Replication
And Meta-Analysis (CARDIOGRAM) Consortium,
Peng X, Wu X, Liu D, Yang Y, Chen R, Qiang B,

Int J Clin Exp Med 2016;9(11):22387-22392


mailto:lijianping@medmail.com.cn

(10]

(11]

[12]

[13]

(14]

[15]

Rs 10757274 A/G and T2D on the risk of CHD in Chinese population

Gu D. Genome-wide association study in Han
Chinese identifies four new susceptibility loci
for coronary artery disease. Nat Genet 2012;
44: 890-894.

Xie F, Chu X, Wu H, Sun W, Shen M, Yang
L, Wang Y, Wang Y, Shi J, Huang W. Replication
of putative susceptibility loci from genome-
wide association studies associated with coro-
nary atherosclerosis in Chinese Han popula-
tion. PLoS One 2011, 6: e20833.

Zhang W, Chen'Y, Liu P, Chen J, Song L, Tang Y,
Wang Y, Liu J, Hu FB, Hui R. Variants on chro-
mosome 9p21.3 correlated with ANRIL expres-
sion contribute to stroke risk and recurrence
in a large prospective stroke population. Stroke
2012; 43: 14-21.

Tian LB, Fang H, Gao L, Tan Z, Zhen YF, Tian JL,
Zhang YZ, Sun XL, Qin JY, Sun YN, Xu J, Wu WP,
Wang AY, Yang Y, Gao AD. 9p21 polymorphisms
increase the risk of peripheral artery disease
in the Han Chinese population. J Int Med Res
2013; 41: 106-114.

Alberti KG, Zimmet PZ. Definition, diagnosis
and classification of diabetes mellitus and its
complications. Part 1: diagnosis and classifica-
tion of diabetes mellitus provisional report
of a WHO consultation. Diabet Med 1998; 15:
539-53.

Lou XY, Chen GB, Yan L, Ma JZ, Zhu J, Elston
RC, Li MD. A generalized combinatorial ap-
proach for detecting gene-by-gene and gene-
by-environment interactions with application
to nicotine dependence. Am J Hum Genet
2007; 80: 1125-1137.

Helgadottir A, Thorleifsson G, Magnusson KP,
Grétarsdottir S, Steinthorsdottir V, Manolescu
A, Jones GT, Rinkel GJ, Blankensteijn JD,
Ronkainen A, Jaaskeldinen JE, Kyo Y, Lenk
GM, Sakalihasan N, Kostulas K, Gottsater A,
Flex A, Stefansson H, Hansen T, Andersen G,
Weinsheimer S, Borch-Johnsen K, Jorgensen
T, Shah SH, Quyyumi AA, Granger CB, Reilly
MP, Austin H, Levey Al, Vaccarino V, Palsdottir
E, Walters GB, Jonsdottir T, Snorradottir S,
Magnusdottir D, Gudmundsson G, Ferrell RE,
Sveinbjornsdottir S, Hernesniemi J, Niemela
M, Limet R, Andersen K, Sigurdsson G, Bene-
diktsson R, Verhoeven EL, Teijink JA, Grobbee
DE, Rader DJ, Collier DA, Pedersen O, Pola R,
Hillert J, Lindblad B, Valdimarsson EM, Mag-
nadottir HB, Wijmenga C, Tromp G, Baas AF,
Ruigrok YM, van Rij AM, Kuivaniemi H, Powell
JT, Matthiasson SE, Gulcher JR, Thorgeirsson
G, Kong A, Thorsteinsdottir U, Stefansson K.
The same sequence variant on 9p21 associ-
ates with myocardial infarction, abdominal
aortic aneurysm and intracranial aneurysm.
Nat Genet 2008; 40: 217-24.

22392

(16]

(17]

Wahlstrand B, Orho-Melander M, Delling L,
Kjeldsen S, Narkiewicz K, Alimgren P, Hedner T,
Melander O. The myocardial infarction associ-
ated CDKN2A/CDKN2B locus on chromosome
9p21 is associated with stroke independently
of coronary events in patients with hyperten-
sion. J Hypertens 2009; 27: 769-773.

Shete S, Hosking FJ, Robertson LB, Dobbins
SE, Sanson M, Malmer B, Simon M, Marie Y,
Boisselier B, Delattre JY, Hoang-Xuan K, El
Hallani S, Idbaih A, Zelenika D, Andersson U,
Henriksson R, Bergenheim AT, Feychting M,
Lonn S, Ahlbom A, Schramm J, Linnebank M,
Hemminki K, Kumar R, Hepworth SJ, Price A,
Armstrong G, Liu Y, Gu X, Yu R, Lau C, Schoe-
maker M, Muir K, Swerdlow A, Lathrop M,
Bondy M, Houlston RS. Genome-wide associa-
tion study identifies five susceptibility loci for
glioma. Nat Genet 2009; 41: 899-904.

Bishop DT, Demenais F, lles MM, Harland M,
Taylor JC, Corda E, Randerson-Moor J, Aitken
JF, Avril MF, Azizi E, Bakker B, Bianchi-Scarra
G, Bressac-de Paillerets B, Calista D, Cannon-
Albright LA, Chin-A-Woeng T, Debniak T, Galore-
Haskel G, Ghiorzo P, Gut |, Hansson J, Hocevar
M, Hoéiom V, Hopper JL, Ingvar C, Kanetsky
PA, Kefford RF, Landi MT, Lang J, Lubinski
J, Mackie R, Malvehy J, Mann GJ, Martin NG,
Montgomery GW, van Nieuwpoort FA, Nova-
kovic S, Olsson H, Puig S, Weiss M, van Workum
W, Zelenika D, Brown KM, Goldstein AM,
Gillanders EM, Boland A, Galan P, Elder DE,
Gruis NA, Hayward NK, Lathrop GM, Barrett
JH, Bishop JA. Genome-wide association study
identifies three loci associated with melanoma
risk. Nat Genet 2009; 41: 920-925.

Visel A, Zhu Y, May D, Afzal V, Gong E, Attanasio
C, Blow MJ, Cohen JC, Rubin EM, Pennacchio
LA. Targeted deletion of the 9p21 non-coding
coronary artery disease risk interval in mice.
Nature 2010; 464: 409-412.

Int J Clin Exp Med 2016;9(11):22387-22392



