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Variant on 9p21 strongly associates with coronary
heart disease, but lacks association with common
stroke
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Recently, genome-wide analyses revealed that variants on chromosome 9p21 are associated with
myocardial infarction. We investigated whether this association was also present in a Belgian population
of coronary artery disease (CAD) patients. As CAD and ischemic cerebrovascular disease (CVD) are thought
to share some pathogenic pathways, we further examined the association of 9p21 with this disease.
SNP rs10757278 on chromosome 9 was genotyped in 926 patients with CAD from the CAREGENE study,
in 648 patients with CVD from the Leuven Stroke Genetics Study (LSGS) and the Belgian Stroke Study (BSS)
and in 828 unrelated controls. A systematic review and meta-analysis were carried out in both vascular
diseases. The frequency of the risk allele, rs10757278*G, was 55% in CAD cases versus 48% in controls, odds
ratio (OR) =1.35 (1.18-1.54), P=1.3 x 10 >. No association was found with CVD, OR=1.03 (0.89-1.19),
P=0.73. Meta-analysis revealed a consistent relationship between the risk variant and CAD. However,
using a meta-analytic approach in CVD, only a marginal association was observed, which was no longer
present after excluding patients with a history of CAD. The risk variant on chromosome 9, tagged by
rs10757278, is associated with coronary heart disease in the Belgian population, but not with isolated CVD.
These findings suggest different pathogenic mechanisms in CAD versus CVD.
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Introduction last few years, this approach has been successful.? A locus

Stroke can be thought of as a complex disease in which
several genetic variants act together with environmental
factors. Genome-wide association studies are being carried
out in complex disorders to identify the genes involved in
these diseases with the hope of identifying new pathways
that might lead to new pathophysiological insights." In the
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on chromosome 9 has been consistently identified in
coronary artery disease (CAD) in four independent
genome-wide association studies.>~® Two studies tagged
the variant on chromosome 9p by the C allele of
rs1333049,%° a third identified the G-allele of 1s10757278°
(r* =1 with rs1333049 in the HapMap CEU population), and
a fourth study discovered an association with the G-allele of
rs10757274* (r>=0.86 with rs10757278). In all but one
subsequent publication, these same variants and/or other
highly correlated ones (eg, the G allele of rs2891168,
*=0.88 with 1510757278 in the study by Broadbent et al’
and the G allele of 152383206 r*>0.90 with the three tagging
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SNPs in the study by Zhou et al®) were replicated.”'®
Additional analyses revealed that the same variant increased
the risk of abdominal aortic aneurysms (AAA) and intra-
cranial aneurysms (IA).!?

Results in ischemic cerebrovascular disease (CVD) have
been less clear and have been limited by small sample
sizes.'"1%19 We undertook a replication study in CAD
patients from the Belgian population and, given the
contradictory findings in CVD, we also investigated this
variant in the latter. As it has been suggested that risk
factors could be subtype-specific,?® we also determined
whether associations were present for subgroups of
ischemic stroke. In addition, we performed meta-analyses
in both vascular diseases.

Materials and methods
Study population

Unrelated Caucasian patients, who were referred to the
ambulatory cardiac rehabilitation programme of the
University Hospitals of Leuven, were selected for inclusion
in this study. Details of these patients from the CAREGENE
(CArdiac REhabilitation and GENetics of Exercise perfor-
mance) study have been published earlier.?! In short, the
patients were referred after myocardial infarction, percuta-
neous transluminal coronary angioplasty, coronary
artery bypass grafting, stable angina pectoris that did not
limit exercise performance, or a combination of these.
Various covariates were obtained from all patients: age,
gender, height, weight, underlying heart disease, inter-
ventions and all types of medication, family history of
CAD, history of hypertension or diabetes, earlier and
current smoking habits, angina or dyspnea during daily
life activities, systolic and diastolic blood pressure at rest,
resting heart rate, and exercise-induced ST depression or
arrhythmia.

We included Caucasian patients with cerebral ischemia
(ischemic stroke and TIA), who were admitted to the Stroke
Unit of the University Hospitals in Leuven and enrolled in
the Leuven Stroke Genetics Study (LSGS), or who partici-
pated in the Belgian Stroke Study (BSS), which was
described earlier.?> The World Health Organization criteria
for determining a diagnosis of stroke and TIA were used.??
All CVD patients from the LSGS underwent brain imaging
(MRI in >91% of patients, CT in the remainder) and a
standardized protocol, including laboratory examination,
carotid ultrasound or CT angiography, and cardiac exam-
ination (TEE or TTE and Holter). Control individuals were
selected from the same population. In the LSGS, controls
were selected from unrelated partners of patients with
multiple sclerosis, amyotrophic lateral sclerosis, and stroke
or TIA (n=271) in which stroke-free status was ensured
in 60% using the Questionnaire for Verifying Stroke Free
Status. In addition, Amyotrophic Lateral Sclerosis (ALS)
patients were selected after stroke- and CAD-free status was
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verified by checking hospital records. Controls in the BSS
gender- and ethnicity-matched subjects (>60 years,
n=326), without a history of stroke or CAD, were recruited
from the general population. Our study was approved by
the local ethics committee and all cases and controls gave
informed consent.

We recorded age at admission, sex, hypertension (defined
as use of antihypertensive medication or physician-
measured blood pressure >140/90mmHg before stroke
onset), diabetes mellitus (fasting glucose above 125 mg per
100 ml or use of antidiabetic medication), hypercholestero-
lemia (elevated fasting cholesterol levels or use of statins)
and smoking status of the patients. Stroke subtypes were
determined using the TOAST criteria by a single-stroke
neurologist who was blinded to genotype.

Genotyping
DNA was extracted from venous blood samples using
standard methods.

Genotyping for SNP rs10757278 was carried out using
Tagman-based chemistry with assay C_11841860_10 run
on a 7300 Real-time PCR System (Applied Biosystems).

Statistics

Marker performance (genotyping success rate, Hardy-
Weinberg equilibrium) was evaluated using the Merlin
(Pedstats) package and association analysis was carried out
with the Unphased 3.0.12. package and with univariate
logistic regression in SPSS 10.0. Reported probability values
are two-sided and all levels of significance were set at
P<0.05. Power calculation was carried out with a Genetic
Power Calculator. For power calculation on the genotypic
odds ratios (ORs), a multiplicative model was assumed. In
the power calculation, a high-risk and marker allele
frequency of 0.49 was used with D'=1 between them,
and unselected controls were assumed. This study had
>80% power to detect an OR of >1.22 in CAD and >1.23
in CVD.

Systematic review and meta-analysis

We identified all studies in PubMed investigating the 9p
locus and CAD or CVD. The following search terms were
used in the PubMed search: ‘Op21,” ‘vascular disease,’
‘coronary heart disease,” ‘myocardial infarction,” ‘stroke’
and ‘genetics.” Publications were included till the 1st of
October 2008. All studies for which ORs and 95%
confidence intervals (Cls) were given, or could be calcu-
lated on the basis of genotype counts and/or allele
frequencies, were included in the meta-analysis. Meta-
analysis was carried out with the Mantel-Haenszel test. If
heterogeneity was detected (I*>0%), a random effects
model was applied. Statistics were calculated with Com-
prehensive meta-analysis 2 (Biostat Inc., Englewood, NJ,
USA) and Fisher’s combined probability test.
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Results

Study population

Clinical characteristics of the 648 patients with TIA (n=99,
15.3%) or stroke (n=549, 84.7%) and of the 926 patients
with CAD, who were included in the study, are shown in
Tables 1 and 2. We recruited 568 healthy controls and 260
patients with ALS. Given that we did not observe
a significant difference in allele or genotype frequency
between the two control populations (healthy controls and
ALS patients), we combined them as a single control group.

Table 1 Baseline characteristics of CVD patients

LSGS and BSS Belgium

Mean age was 62.7 £ 13.5 for all controls and 63.4 + 13.1 for
CVD patients. There were 239 females with CVD (36.9%)
versus 388 female controls (46.9%). The mean age of CAD
patients was 56.4+£9.2 and the percentage of females was
9.2% (n=75).

The genotyping success rate was >97.7% in all groups
(CAD cases, CVD cases and controls) and no deviation
from the Hardy-Weinberg equilibrium was observed in
any of these groups (P>0.21). No differences were observed
among 19 samples typed in duplicate.

Association with rs10757278*G replicates in Belgian
CAD patients

G-Allele frequencies were 55.5% in CAD cases versus 48.1%
in controls, OR: 1.35 (95% CI 1.18-1.54); P=1.30 x 10>.

n=648
( ) This association remained after correction for age and
Age, years 63.4113.1 gender, OR: 1.29 (95% CI 1.11-1.51), P=1.12x107*
Female sex, n (%) 239 (36.9) (Table 3)
Hypertension, n (%) 403 (62.2) ’
Current smoking, n (%) 212 (32.7)
Hypercholesterolemia, n (%) 353 (54.5) Meta-analysis of association of risk allele with CAD
Diabetes, n (%) 113 (17.4) In addition, we carried out a meta-analysis of all studies
Stroke subtype, n (%) published on the association of variants in this locus on
Large vessel 179 (27.6) chromosome 9p21 with CAD, reporting on four different
Lacunar ' 154 (23.8) SNPs. All showed an association with CAD (rs1333049*C,
gﬁ;g'tg'gee":]'fco"c 12 E;Z;g OR: 1.30 (95% CI 1.24-1.37); rs10757274*G, OR: 1.25
Other or multiple causes 30 (4.6) (95% CI 1.11-1.40); rs2891168*G, OR: 1.28 (95% CI 1.20-
Coronary artery disease, n (%) 111.(17.1) 1.38); r1s10757278*G, OR: 1.36 (95% CI 1.27-1.45);

Table 2 Baseline characteristics of CAD patients

Caregene Belgium

rs2383206*G, OR: 1.14 (95% CI 1.03-1.27)) with a
combined P-value of 107" (Figure 1).

No association for rs10757278 genotypes in CVD
patients

(n=2926) G-Allele frequencies were not different between controls
Age, years 56.4+9.2 and cases, 48.1 versus 48.7% (OR: 1.03; 95% CI 0.89-1.19),
Female sex, n (%) 75(9.2) nor after correction for age and gender (OR: 1.04; 95% CI
IS—|r)1,1 %iri;ensi;%rgén (r/;’%% ) g?g ggég 0.90-1.21). Genotype distribution did not show an
Hyperd?desterrgiemia, n (%) 572 (61 :8) association between rs10757278 and CVD either (Table 4).
Diabetes, n (%) 47 (5.1) As Helgadottir et al'? reported an association for large
R for inclusi % artery and cardio-embolic stroke, we investigated whether
ec’\vj}(jgc:rrd/iglc iL;]sfl;)rnc,tircr)rf ) 400 (43.2) F:ertaip subtypes. of stroke might be associated with stque
Coronary artery bypass grafting 338 (36.5) in this population. However, rs10757278*G frequencies
Kerc.utalneous transluminal coronary 135 (14.6) were not different for any of the subgroups compared with
ngioplasty L
Other 53 (5.7) those for controls, nor after combining the large vessel and

Table 3 Association of rs10757278 on 9p21 with CAD

cardio-embolic subgroups. The G-allele frequencies were

rs10757278 Case frequency (n) Continued frequency (n)

OR (95% Cl)

P-value OR adjusted (95% Cl) P-value adjusted

A 0.445 (813) 0.519 (840) 1

G 0.555 (1015) 0.481 (778) 1.35(1.18-1.54) 1.30x10°  1.29 (1.11-1.51) 1.12x 1073
A/A 0.193 (176) 0.281 (227) 1

A/G 0.504 (461) 0.477 (386) 1.54 (1.21-1.96) 3.92x10*  1.38 (1.05-1.81) 0.022
G/G 0.303 (277) 0.242 (196) 1.82(1.39-2.39) 1.19x10°5  1.68 (1.23-2.28) 1.03x10°3
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Group by Study Name Odds ratio and 95% CI
SNP

Odds Lower Upper
ratio limit limit

Ottawa - OHS-1 (322/312) 169 135 212 ——
Oftawa - OHS-2 (304/326) 146 117 182 ——
US - ARIC (1037/7743) 147 106 128 ——
Denmark - CCHS (1525/9053) 116 1.08 126 ——
Dallas - DHS (154/527) 134 1.04 1.73 ——
Ottawa - OHS-3 (647/847) - 133 115 154 ——
US (335/335) 086 069 107 ———
rs10757274 125 111 140 i
Iceland (3051/14259) 125 118 1.32 ——
US - Atlanta (840/1246) 130 115 147 ——
US - Philadelphia (724/447) 138 117 163 ——
US - Durham (1201/614) 130 113 1.49 ——
ltaly (416/308) 128 1.04 158 —
South Korea (611/294) 129 1.06 157 ————
Belgium (914/516) 140 120 1.63 ——
US -Genequest (310/560) 176 144 2.15 ::
China (212/232) 196 150 2.56
Us-Advance (White) (1200/1036) 131 116 147 —
Us-Advance (Black) (96/325) 129 089 1.87
rs10757278 136 127 145 -
UK - WTCCC (1924/2936) 138 127 150 ——
Germany (844/1605) 131 117 148 ——
GerMIFS 1l (707/911) 125 1.08 143 —
UK M study (772/734) 118 102 1.36
AtheroGene (392/355) 120 098 147 L ]
Left main disease study (483/480) 154 128 1.84 e —
MONICA/KORA study (589/1056) 135 117 156 ———
PopGen (1085/1021) 136 121 154 ——
PRIME (617/620) 125 1.07 147 —
Japan (586/2432) 116 1.02 132 N
rs1333049 130 124 137 L
China-Han (1360/1360) 114 103 127 i
rs2383206 114 1.03 127 -
Germany (325/571) 126 1.00 159
Italy (436/524) 126 1.02 155
Sweden (480/519) 136 111 167
UK (3010/2829) 128 1.18 1.39 i
1s28891168 128 120 1.38 -
Overall 129 125 1.33 L 4
0.5 1 2

Figure 1 Meta-analysis of case—control studies®~'%"*~"8 with 5 SNPs, all tagging the 9p21 CAD risk variant. ORs were determined using a random

effects model and are shown with 95% Cls. For the overall analysis, there is evidence of moderate heterogeneity (Cochran Q-value 72, *=55%,
P=0.00008). Heterogeneity is present among the populations that were studied with SNP rs10757274 (Cochran Q-value 25, > =76%, P=0.0004)
and rs10757278 (Cochran Q-value 21, >=53%, P=0.02), but not between the other study populations (P =0% for rs28891168, I>=26% for
rs1333049). Only one study used the rs2383206 SNP. Ottawa — OHS-1, Ottawa — OHS-2, US — ARIC, Denmark — CCHS, Dallas — DHS, Ottawa
— OHS-3: from McPherson et al*; US (335/335): from Zee and Ridker'"; Iceland, US — Atlanta, US - Philadelphia, US — Durham: from Helgadotiir
et aP; Italy (416/308), South Korea: from Shen et af; us - Genequest: from Abdullah et al'>; China (212/232): from Chen et al'”; US — Advance
(White), US — Advance (Black): Assimes et al'®; UK — WTCCC, Germany (844/1605): from Samani et al’; GerMIFS II, UK Ml study, AtheroGene, Left
main disease study, MONICA/KORA study, PopGen, PRIME: from Schunkert et al'*; Japan: from Hiura et a/'®; China — Han: from Zhou et af®; Germany
(325/571), ltaly (436/524), Sweden, UK: from Broadbent et af’.

Table 4 Allele and genotype distribution for rs10757278 in CVD

rs10757278  Case frequency (n)  Continued frequency (n) OR (95% ClI) P-value  OR adjusted (95% Cl)  P-value adjusted

A 0.513 (652) 0.519 (840) 1 1

G 0.487 (620) 0.481 (778) 1.03 (0.89-1.19) 0.73 1.04 (0.90-1.21) 0.60

A/A 0.267 (170) 0.281 (227) 1

A/G 0.491 (312) 0.477 (386) 1.08 (0.84-1.38)  0.55 1.09 (0.85-1.40) 0.49

G/G 0.242 (154) 0.242 (196) 1.05 (0.79-1.40)  0.75 1.08 (0.81-1.45) 0.61
52.0% for cardio-embolic stroke, 44.0% for cryptogenic PAOD, high-grade atherosclerosis of carotid artery or
stroke, 51.7% for large vessel disease, 49.3% for lacunar vertebral artery; n=178) and found no association (OR:
stroke, 39.7% for stroke due to other causes and 51.8% for 1.09; 95% CI: 0.85-1.38). Furthermore, we observed a
large vessel and/or cardio-embolic combined. Moreover in significant difference between the CAD and CVD patients
the LSGS cohort, we analyzed all CVD patients with any with the G-allele being more frequent in CAD in compar-
evidence of atherosclerosis (defined as MI, symptomatic ison with all CVD patients (OR: 1.31; 95% CI: 1.14-1.52;
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P=2.01x 107%), an association that remained after correc-
tion for age and gender (OR: 1.27; 95% CI: 1.08-1.49;
P=3.93x107%).

Meta-analysis CVD

In a meta-analysis in CVD, combining all reported studies
on this locus on chromosome 9p21 having typed
rs10757278 and totaling 1353 cases and 15821 controls, a
modest association was identified, OR: 1.11. (95% CI 1.01-
1.21), P=0.03. Overall meta-analysis also, including one
study reporting on 1510757274 totaling 1607 cases and
16075 controls, did not alter the relation, OR: 1.09 (95% CI
1.00-1.19), P=0.04 (Figure 2a). However, after excluding
all patients with a history of CAD, the association was no
longer present, OR: 1.06 (95% CI 0.97-1.16), P=0.22 as
shown in Figure 2b.

Discussion

Several groups have recently shown that a locus on
chromosome 9p21 is associated with CAD.3~57-10.13,15-18
We therefore investigated whether a relation would be
present in a Belgian population with CAD. We clearly
showed that the variant on chromosome 9p21 increases
risk for this disease and that this relationship was present

in almost all studied populations in CAD, as shown in our
meta-analysis.

Variants in 9p21 have been studied in ischemic CVD
as well,'1#19 resulting in conflicting evidence. In the
Framingham Study, the same region on 9p21 was asso-
ciated with a cardiovascular phenotype that included,
among three other diseases, stroke.'® In addition, the same
sequence variant was investigated in four other arterial
diseases and was found to be associated with IA and AAA
but not consistently with ischemic stroke and peripheral
arterial disease (PAD).'? Notably, the same genomic region
has been associated with type 2 diabetes, but the effects are
independent and conveyed by different variants.”

In our study population of 648 patients, we did not
identify rs10757278*G to convey an increased risk for
CVD. Similarly, no association was observed with large
vessel disease, with any other subgroup of stroke or in CVD
patients with evidence of atherosclerosis, although larger
sample sizes might be necessary to exclude association
in subgroups.

As the susceptibility in CAD cases with no clinical
history of MI showed a trend toward stronger association,
it was speculated that this variant might be implicated in
plaque formation rather than in plaque rupture.” This
could partially explain the lack of association in CVD as

a SNP Study name Odds ratio and 95% ClI

Odds Lower Upper
ratio limit limit
US (254/254) 099 078 1.27
rs10757274 099 078 127

lceland (415/14259)1.16  1.01  1.33 —i—
Sweden (290/734) 115 095 1.39
Belgium (648/828) 1.03 0.89 1.19

rs10757278 111 1.01  1.21 @
OQverall 1.09 1.00 1.19
0.5 1 2
b SNP Study name Odds ratio and 95% ClI

Odds Lower Upper
ratio limit limit
US (254/254) 099 078 1.27
rs10757274 099 078 127
Iceland (278/14259)1.09 0.92 1.29
Sweden (213/734) 115 0.92 1.42
Belgium (527/828) 1.02 0.87 1.19
rs10757278 1.07 097 119
Overall 1.06 097 1.186

Figure 2 Meta-analysis of case—control studies ''"'2

0.5 1 2

with 2 SNPs tagging the 9p21 CAD risk variant in patients with CVD (a) and in CVD patients

after excluding those who also had CAD (b). ORs were determined using a random effects model and are shown with 95% Cls. There is no evidence of
heterogeneity (/*=0). US: from Zee and Ridker''; Iceland, Sweden: from Helgadottir et a/'2.
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atherothrombosis is particularly considered to be involved
in a large portion of stroke patients. However, the same
common sequence variants on 9p21 were earlier shown
not to be associated with isolated PAD.!? Therefore, it
might be concluded that variants in the described locus do
not seem to be associated with atherosclerosis in general.
In addition, this can be deduced from the fact that there is
a clear relationship between the sequence variant on
chromosome 9p and IA, in the pathogenesis of which
atherosclerosis is not thought to play a major role.'? The
risk allele, r1s10757278*G, may be involved in a common
mechanism like vascular remodeling and/or repair,
although this has been shown to be involved in stroke®*>*
and PAD?® as well.

The variants on 9p21, which are most associated with
CAD and intracranial and AAA, but not with stroke or PAD,
are highly correlated in the European population and are
present on two haplotypes that influence susceptibility in a
yin-yang pattern.” Whereas this allows tagging the haplo-
types involved by genotyping a single SNP, prospects for
further resolving the effect in the European population are
therefore limited. Follow-up studies involving deep rese-
quencing as well as functional experiments will be needed
to unravel the exact mechanism by which this region
of chromosome 9p21 is pathologically involved. The asso-
ciated region lies upstream of the genes for two cyclin-
dependent kinase inhibitors, CDKN2A and CDKNZ2B,
known to play an important part in the cell cycle. The
haplotype overlaps with exons of ANRIL, a large antisense
non-coding RNA (ncRNA).” ncRNAs are extensively being
studied for their role as essential players in epigenetic
mechanisms such as DNA methylation, histone modifica-
tions and chromatin conformational changes.?’ Various
studies have underscored the importance of epigenetics in
atherosclerosis.?® 3! The understanding of these mecha-
nisms has only begun to emerge®*** and the combined
effect of epigenetics and microenvironment on an arterial
phenotype may result in an atherosclerotic change only in
particular vascular regions. This interplay might poten-
tially explain why variants in ncRNAs might be implicated
in some presentations of vascular diseases, but not in all.
It is therefore appealing, but speculative, to hypothesize
that the susceptibility of different regions of the vascular
system to atherosclerosis can, at least to some extent, be
determined by epigenetic pathways.

In conclusion, we replicated the association of a variant
on chromosome 9p with CAD in a Belgian population,
but were not able to observe a similar association with
CVD. It is interesting that, in a meta-analysis of CVD, there
was a marginal association that was no longer present after
exclusion of patients with a history of CAD. These findings
can be of importance for further genetic association studies
that plan to investigate the potential role of recently
identified SNPs in CAD in CVD. As patients presenting
with stroke or TIA can have a higher incidence of past
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CAD, we would like to underline the importance of
documenting the vascular medical history of patients in
such studies. SNPs that are identified in these association
studies may be risk markers of underlying CAD rather than
be risk variants for CVD per se.
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