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Introduction

Stroke is among the leading causes of death in
the world and common cause of disability. Its incidence
is rising with increasing life expectancy, athough about
20% of strokes occur before the age of 65.

There are two main clinical phenotypes of stroke:
ischemic stroke which is responsible for 80–90% of
stroke events, and hemorrhagic stroke which is respon-
sible for the remaining 10–20%. Ischemic stroke is due
to a complete occlusion of a cerebral artery, which

might be caused by a local atherosclerotic process in
the brain or by an embolic or cardiogenic event. Ische-
mic sroke has further subphenotypes, which include
large vessel and small vessel occlusive disease. Genetic
causes of stroke range from classic Mendelian (a sin-
gle gene leads to disease) to complex (multiple genes
contribute to risk for stroke in combination with other
genetic and/or environmental factors). 

The first approach to stroke genes focuses on the
rare Mendelian forms of stroke. This approach uses the
method of linkage mapping of large families that dis-
play a Mendelian pattern of inheritance, followed by
the resequencing of coding exons within the linkage
peak for highly penetrant missense or nonsense muta-
tions. The Mendelian approach has resulted in discov-
ering several monogenic stroke genes.

The basis for human studies into putative
causative genes involved in ischemic stroke has taken
the form of the candidate gene approach. This involves
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li uti~u na hemostazu, inflamaciju, sintezu azot monoksida,
metabolizam homocisteina i lipida, renin-angiotenzim-aldo-
steron sistem. Kombinovanjem linkid`/asocijacionih studija
utvr|eno je da geni koji kodiraju PDE4D i ALOX5AP dopri-
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Summary: As one of the leading causes of death within
both the developed and developing world, stroke is a world-
wide problem. About 80% of strokes are ischemic. It is
caused by multiple genetic factors, environmental factors,
and interactions among these factors. There is a long list of
candidate genes that have been studied for a possible asso-
ciation with ischemic stroke. Among the most widely investi-
gated genes are those involved in haemostasis, inflamma-
tion, nitric oxide production, homocysteine and lipid metab-
olism, renin-angiotensin-aldosterone system. Combined link-
age/association studies have demonstrated that genes enco-
ding PDE4D and ALOX5AP confer risk for stroke. We review
the studies of these genes which may have potential appli-
cation on the early diagnosis, prevention and treatment
ischemic stroke patients.
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selecting a functionally relevant gene to study, genes
that might be involved in the development of the inter-
mediate phenotype (e.g. atherosclerosis and carotid
intima-media thickening) or the medical risk factors
(e.g. hypertension, hyperlipidemia and diabetes). The
next step is identification of an SNP or an SNP haplo-
type that shows a significantly higher frequency
(increased susceptibility, increased risk) or a lower fre-
quency (decreased susceptibility, protective effect
against disease) in a population of patients than in a
population of matched, normal control subjects (case-
control studies). To date, a large number of candidate
genes have been investigated for association to stroke
on the basis of their effect on processes such as hemo-
stasis, inflammation, nitric oxide synthesis, on the renin
angiotensin-aldosterone system, homocystein or lipid
metabolism (1, 2).

Recently, there has been increasing interest on
combined linkage/association approaches. Using this
approach, putative genes directly associated with com-
mon polygenic stroke have been identified. A recent
study carried out on an Icelandic population demon-
strated that the PDE4D gene encoding for phosphodi-
esterase 4D, and ALOX5AP gene encoding 5-lipoxy-
genase activating protein (FLAP) are the susceptibility
factors for ischemic stroke (3, 4).

Significant advances have been recently made in
identifying disease-causing genes and susceptibility
genes for ischemic stroke. This review highlights the
most important discoveries made in past few years. 

Association studies in ischemic stroke:
coagulation and fibrinolytic system 

Various coagulopathies can cause stroke. Genes
related to the coagulation system are logical candi-
dates for genetic susceptibility studies. Protein S and
protein C deficiency are rare causes of early onset
ischemic stroke. Other coagulation factors have been
studied in large cohorts. The most investigated candi-
date genes (mutations) affecting haemostasis in
patients with ischemic stroke were: factor V R506Q
(factor V Leiden), factor VIIR353Q, factor XIIIV34L,
prothrombin G20210A, b-fibrinogen 148C/T, plas-
minogen activator inhibitor-1 4G/5G and platelet gly-
coprotein receptors (GpIa/IIa, GpIb , GpIIb/IIIa , GPVI)
genes.

Association of the factor V Leiden mutation with
ischemic stroke has been by far the most investigated.
The most case-control studies have failed to find an
association. From 2001–2004 four meta-analysis re-
vealed the association of factor V Leiden mutation and
ischemic stroke; only two of them found a positive
association (5–7). Wu and Tsongalis (8) reported an
odds ratio for adult cerebrovascular events of 1.43
(95% CI, 1.03-1.97). In recent meta analysis (9) with
26 studies that included 4588 cases and 13798 con-
trols, carriers of the factor V Gln506 allele were 1.33

times more likely to develop stroke (95% CI, 1.12–
1.58; P=0.001). Except the most common studies
polymorphism in the codon 353 in exon 6 of factor VII
gene, four polymorphisms in this factor (–401G/T,
–402G/A, 5’ F7, IVS7) were analyzed in a few associ-
ation studies in ischemic stroke. Funk et al. (10) found
that individuals carrying rare allele –402G/A have
increased factor VII plasma levels and an increased risk
for developing transient ischemic attack and acute
ischemic cerebrovascular events before the age of 60
years. Meta analysis of Casas et al. (9) on a small sam-
ple size (545 cases and 504 controls), pooled from 3
studies (–323I/D (A1/A2) polymorphism) confirmed
the negative association of this polymorphism with
ischemic stroke risk (OR 1.11 (95% CI, 0.83–1.48)).
Lack of the association between polymorphism in the
factor XIII gene (Val34Leu) and ischemic stroke is evi-
dent in numerous studies (11–14). A large, well-
matched case-control study of cerebral infarction
reported a major protective effect of Leu34, with inter-
actions with smoking that modified risk of stroke (15).
No significant association were observed for factor XIII
genes with large data sets in meta analysis of Casas et
al. (9) which included 6 studies with 2166 cases (OR
0.97; 95% CI 0.75–1.25; P=0.80). More than 30 stu-
ides examined the association between prothrombin
G20210A mutation and ischemic stroke, almost with
negative results. Casas et al. (9) pooled the data from
19 studies which have analyzed prothrombin
G20210A mutation in total of 3028 cases and 7131
controls. The summary OR under a fixed-effects model
showed that carriers of the mutation were 1.44 times
more likely to develop stroke (95% CI, 1.11–1.86;
P=0.006). Meta analysis of Kim et al. (16) has con-
firmed this association in younger patients. The studies
which examined the relationship between b-fibrinogen
gene –148C/T polymorphism and ischemic stroke
gave almost positive results. Recently, meta-analysis
(1223 patients and 1433 controls) of relationship
between this gene polymorphism and stroke has sho-
wed that there was 32% increased risk of cerebral
infarction for the genotypes (C/T+T/T) compared with
the wild C/C homozygotes. Thus, the allele T might be
a genetic risk factor to increase susceptibility to cere-
bral infarction at the protein and genetic levels (17).
Polymorphisms of the gene encoding beta-fibrinogen
have been shown to correlate with either large-vessel
stroke or carotid IMT, which is consistent with plasma
levels of fibrinogen correlating with risk for future
stroke. Recently published studies examined the other
polymorphism in the proximal promoter region of beta-
fibrinogen gene (–455G/A) have not shown a consis-
tent association to stroke (18). The relationship bet-
ween 4G/5G polymorphism of the PAI-1 gene and
stroke is unclear. It has been reported that the 4G/4G
genotype confers an increased risk of stroke, but other
investigator have reported the same genotype to be
neutral or even protective in terms of stroke risk. The
newest meta-analysis of Casas et al. (9) which pooled
the results obtained from 4 studies (842 cases, 1189



controls) has noticed the positive association of 4G/5G
polymorphism in promoter of the PAI-1 gene (OR,
1.47; 95% CI, 1.13–1.92; P=0.004). Recently, in the
meta-analysis (11 studies; 2562 cases/3560 controls)
Attia et al. (19) obtained the pooled ORs for PAI-1
4G/4G versus 5G/5G and 4G/5G vs 5G/5G (OR
(95%CI): 0.89 (0.66–1.20), 0.99 (0.85–1.15),
respectively). Tsantes and coauthors (20) performed a
meta-analysis of eighteen studies (15 case-control and
three cohort studies, 3104 cases/4870 controls) about
PAI-1 4G/5G polymorphism and risk of ischemic
stroke. It failed to demonstrate a significant association
between the 4G/5G polymorphism and ischemic
stroke (OR 0.848 (95%CI 0.662–1.087)). The role of
platelet glycoprotein receptor polymorphisms has also
been studied extensively in patients with ischemic
stroke. Meta-analysis of Nikolopoulos and coauthors (7
independent studies) (21) do not support positive asso-
ciation between the C807T polymorphism and stroke
neither in the group of patients as a whole nor in any
relevant subgroup does indicating that increase in
GPIa/IIa surface levels do not contribute to an
increased thrombotic risk. In meta-analysis, Casas et
al. (9) analyzed 5 polymorphisms in genes for platelet
glycoprotein receptors. Genetic marker associated with
an increase in the risk of stroke, but for which the data
set was much smaller was GPIb ((Thr/Met or human
platelet antigen (HPA) type 2 (HPA2) (564 cases; OR,
1.55; 95% CI, 1.14–2.11; P=0.006)) with no evi-
dence for heterogeneity in meta-analysis. Meta-analy-
sis of 3 studies of GPIBA Kozak sequence gave positive
results (350 cases; OR, 1.88; 95% CI, 1.28–2.76;
P=0.001), but studies were highly heterogeneous. No
significant associations were observed in three meta-
analysis: GPIBA (VNTR) of 816 cases, glycoprotein IIb
Ile/Ser of 770 cases, and glycoprotein IIIa Leu33Pro or
HPA1 (1467 cases; OR, 1.11; 95% CI, 0.95–1.28;
P=0.20).

Only few newer studies examined the association
of polymorphisms in tissue-type plasminogen activator
(t-PA) gene, thrombin activable fibrinolysis inhibitor
(TAFI), von Willebrand (vWF) gene, protein Z gene,
annexin A5 and ischemic stroke, but with conflicting
results (19, 22–34).

Association studies in ischemic stroke:
homocystein metabolism

There is an evidence of the association of high
plasma homocysteine levels with ischemic stroke. Ma-
ny studies (more than 60 in last 10 years) have exa-
mined the genes encoding 5,10-methyltetrahydrofo-
late reductase (MTHFR) as an enzyme involved in ho-
mocysteine metabolism, but the majority have produ-
ced negative results. 

The modest association (11 studies) between
C677T variant and ischemic stroke was observed (OR
1.46; 95% CI, 1.19–1.79), as the association between

MTHFR TT mutation and ischemic stroke (OR, 1.20;
95% CI, 1.02–1.41) in meta-analysis of Kim and coau-
thors (35). Statistically significant association of
MTHFR polymorphism and ischemic stroke were iden-
tified in Casas et al. (9) meta-analysis of 30 studies
(6324 cases and 7604 controls). Individuals homozy-
gous for the T allele had an odds ratio for stroke of
1.26 (95% CI, 1.14–1.40) compared with those ho-
mozygous for the C allele. Cronin et al. (36) performed
a systematic review and meta-analysis of published 32
studies (6110 cases / 8760 controls) about association
of MTHFR 677T allele with risk of ischemic stroke/
TIA. It included cohort, case-control and cross-section-
al studies. MTHFR 677C T polymorphism was associ-
ated with increased risk of stroke in a graded, dose-
dependant manner (T allele pooled OR 1.17; 95%CI
1.09–1.26, TT genotype pooled OR 1.37; 95%CI
1.15–1.64). Two meta-analyses are recently published.
Ariyaratnam and coauthors (37) in 2007 performed a
literature based review of genetic association studies in
stroke in persons of non-European descent. A total of
seven studies (1859 cases/2380 controls) among
Chinese populations evaluating the C677T variant in
the MTHFR gene were identified. A summary OR of
1.18 (95% CI 0.90–1.56) was observed for individuals
homozygous for the T allele compared with C-allele
carriers (i.e., CT + CC). Also, three Korean studies with
a total of 478 cases and 541 controls provided an OR
of 1.34 (95% CI 0.87–2.06). A pooled analysis of
Chinese and Koreans samples in meta-analysis among
persons of non-European descent provided an overall
OR of 1.22 (95% CI 0.98–1.52). Meta-analysis of
Banerjee et al. (38) included ten studies of the associ-
ation of MTHFR with ischemic stroke in Asian popula-
tion (Japanese, Chinese, Korean, Indian, and Mongo-
lian) and found a significant association of C677T
polymorphism of MTHFR and ischemic stroke.

Few studies examined the associations of muta-
tions in homocysteine metabolism-related enzyme
genes including cystathionine b-synthase (CBS)
844ins68 (68-bp insertion at exon 8) and methionine
synthase (MS) A2756G transition (results in aspartic
acid being changed to a glycine residue) and ischemic
stroke, all with negative results (39–41).

Association studies in ischemic stroke:
rennin angiotensin-aldosteron system

Numerous studies have examined genes that are
thought to be involved in hypertension, most commo-
nly angiotensin-converting enzyme (ACE), angioten-
sinogen (AGT) and angiotensin AT1 receptors, without
consistent replication of association to stroke or carotid
IMT. Compared with more than 50 studies about the
association of ACE I/D polymorphism, only 20 studies
examined the association of angiotensinogen and
angiotensin AT1 receptor polymorphisms and ischemic
stroke.
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A meta-analysis has evaluated the risk of stroke in
1196 subjects versus 722 controls from seven studies.
It was concluded that the ACE genotype conferred a
small but modest effect, with an odds ratio of 1.31
(95% CI 1.06–1.62), according to a dominant model
of inheritance. A weaker association was seen under a
recessive model (42). In a meta-analysis of Casas et al.
(9) including 2990 predominantly white patients and
11 305 controls, the DD genotype was shown to con-
fer a small but significant risk of ischemic stroke (odds
ratio 1.21; 95% CI 1.08–1.35). Recently published
meta-analysis (37) investigated the association of ACE
I/D in three ethnic groups of non-European descent (a
total of 3572 Chinese individuals, 1601 Japanese indi-
viduals, and 2750 Korean individuals). The overall OR
for the nine studies in the Chinese population was 1.90
(95% CI 1.23–2.93) and for six Japanese studies the
OR was 1.74 (95% CI 0.88–3.42). The overall OR in
the Asian group (Chinese and Japanese) was 1.82
(95% CI 1.28–2.60). Smaller meta-analysis of Bane-
rjee et al. (38) included six studies (two Japanese, two
Korean, and two Chinese) did not detect a significant
association with ACE gene insertion/deletion polymor-
phism. 

The association of common polymorphisms in
exon 2 of the gene (corresponding to a change from
methionine to threonine substitution at position 235
(M235T) and threonine to methionine at position 174
(T174M) mutation) with TIA or ischemic stroke were
examined in some studies. Mostly, these investigations
did not support those associations. A potentially inter-
esting observation, however, is the reported association
between an AGT promoter haplotype and cerebral
small-vessel disease. Recent findings suggest that the
A1166C polymorphism of the angiotensin II type-1-
receptor gene, located at the 5' end of the 3'untrans-
lated region of the AGTR1 gene is associated with
ischemic stroke. Szolnoki and coauthors (43) have
demonstrated that ACE D/D and AT1R 1166C poly-
morphism were associated with the development of
small-vessel ischemic stroke through a mutually facili-
tatory interplay between them. Meta-analysis of studies
of the angiotensin II type 1 receptor (AT1R) (44–47),
and angiotensinogen (AGT) (44, 48–50) gene poly-
morphisms and risk of stroke in Chinese populations
did not reveal the association (OR (95% CI) 1.19
(0.60–2.35); 1.27 (0.9–1.78), respectively).

Association studies in ischemic stroke:
lipid metabolism

Moreover, about one half of all studies (more
than 60) have shown an association between ischemic
stroke and the apoE e4 allele. The apoE genotype
seems to have an effect on stroke outcome as well.
McCarron et al. (51) in meta-analysis of nine case-con-
trol studies (926 cases/890 controls) revealed a signif-
icantly higher apoE4 allele frequency in affected
patients compared with controls (OR, 1.68; 95% CI,

1.36-2.09; P 0.001). Meta-analysis of Casas and
coauthors (9), analyzed 10 studies (1805 cases/10921
controls) of the association between apoE polymor-
phism and ischemic stroke. Odds ratio for the outcome
compared carriers of the e4 allele with those with e3
and e2 alleles was 0.96 (95% CI, 0.84–1.11; P=0.60).
A total of seven studies in Asians (four in Chinese (418
cases/476 controls) and three in Japanese (495
cases/1304 controls) evaluated the apoE e4 polymor-
phism against the pooled e2/e3 were included in
meta-analysis of persons of non-European descent
(37). The summary OR of the Chinese studies was
2.18 (95% CI 1.52–3.13) and the pooled OR of the
three Japanese studies was 1.51 (95% CI 0.93–2.45).
The overall OR in the seven Asian studies was 1.77
(95% CI 1.30–2.39). Sudlow and coauthors (52) gave
a systematic review of 26 studies (5018 cases and
16921 controls) about apoE genotype influence on the
risk of ischemic stroke. The studies were conducted in
several European countries, the United States, Brazil,
Taiwan, China, Japan, Korea, and Bangladesh, and
included populations of varying ethnicity. Overall
pooled results suggested an association between e4+
genotypes and ischemic stroke, particularly in large
artery ischemic stroke and in Asians, but disappeared
when only larger studies (200 cases; OR, 0.99; 95%
CI, 0.88–1.11) or studies without control selection bias
(OR, 0.99; 95% CI, 0.85–1.17) were analyzed. Meta-
analysis Banerjee et al. (38) included six studies from
Asain countries and detected a marginally significant
association with allele e4. 

Although apoE gene polymorphism is the most
frequently studied polymorphism in patients with ische-
mic stroke, few genetic studies studied the association
between DNA polymorphisms in other apolipoprotein
genes (apo AI/CIII, apoAIV, apoAV, apo B, apoH)
almost with negative results. There is a growing evi-
dence that elevated Lp(a) level has a significant role in
stroke, and that PNTR polymorphism of the apo(a)
gene is associated with stroke (53–57).

Several genes involved in lipid metabolism such
as cholestryl ester transfer protein (CETP), ATP-binding
cassette transporter I (ABCA I), lipoprotein lipase (LPL),
and paraoxonase (PON) have also been examined in
the stroke populations recently. The most widely stud-
ied of all known variants of the CETP gene is the TaqI
B polymorphism, which results from a nucleotide sub-
stitution at position 277 of the first intron (rs708272).
Quarta et al. (58) found an protective effect of B allele
for stroke. Although, several polymorphisms of the
ABCA1 gene have been investigated for their associa-
tion with CAD, only two published studies assessed the
distribution of different polymorphisms (L158L,
R219K, G316G, and R1587K) and haplotype arran-
gements of the ABCA I gene in ischemic stroke pa-
tients. Andrikovics et al. (59) published study in ische-
mic stroke on 244 Hungarian patients and suggested
a protective role for the ABCA I -R219K and V771M
polymorphisms. Although, few studies obtained posi-
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tive results about the association of LPL polymorphisms
(447 Ser/Ter, Hind III) and ischemic stroke, but the
results of three published genetic studies of the associ-
ation between Asn291Ser polymorphism in LPL gene
and ischemic stroke (452 cases and 8879 controls) in
recently published meta-analysis (9) did not support
the association of this polymorphism in LPL gene and
ischemic stroke. Specific polymorphisms of paraox-
onases are associated with the risk of acute ischemic
stroke. The PON1 Q192R (Gln192Arg) and L55M
(Leu55Met) polymorphisms have been associated with
risk of ischemic stroke in small studies. Analyzis of dif-
ferent studies about two common polymorphisms of
the PON2 gene (A148G (Ala148Gly) and C311S
(Ser311 Cys)) and ischemic stroke risk did not support
this association. The association of ischemic stroke and
PON3 gene polymorphisms is not confirmed. In a
recent meta-analysis of 43 studies, five largest studies
estimated the per-allele risk ratio at 1.05 for PON1-
192 R (B) allele and combined analyses of studies of
the PON1-55 M and PON2-311 C variants showed no
significant overall associations with CHD (60). The
low-density lipoprotein (LDL)-receptor gene polymor-
phisms were investigated in 3 studies, all with negative
results. Guo et al. (61) investigated the relationship
between NcoI and AvaII polymorphism of LDL-recep-
tor gene in patients with atherosclerotic cerebral infarc-
tion among Han nationality in 77 patients and 113
age-matched controls. The coexistence of A-A- and
N+N+ genotypes significantly increase the risk of
cerebral infartion (RR 5.56, p 0.001). The human
lectin-like oxidized low-density lipoprotein receptor 1
(OLR1/LOX-1) is the major endothelial scavenger
receptor against oxidized low-density lipoprotein (Ox-
LDL), which has been implicated in the pathogenesis
of atherosclerosis. Polymorphism G501C in the ORL1
gene was investigated in patients with ischemic stroke
(62). This study did not find significant difference in C
allele frequencies between patients and controls.

Association studies in ischemic stroke:
endothelial nitric oxide

The gene encoding endothelial nitric oxide syn-
thase is a potential candidate gene for stroke, because
it is an important mediator of endothelial function.
There are a number of studies, yielding conflicting
results of association between Glu298Asp polymor-
phism in the endothelial constitutive nitric oxide syn-
thase gene and stroke. In a comprehensive meta-
analysis of Casas et al. (9), individuals homozygous for
the Asp298 allele (three studies; 1086 cases and
1089 controls), compared with Glu298 carriers, did
not have an increased risk of ischemic stroke (OR
0.98, 95%CI 0.76–1.26). GÉNIC study (63) examined
the G894T variant as a risk factor in small-vessel dis-
ease and found that GG genotype is a risk factor for
lacunar stroke but not other stroke subtypes. Different
findings reflect differences in genetic background,
because the frequency of eNOS polymorphisms has

been shown to vary markedly among different ethnic
groups, or difference in environmental exposure, which
has been shown to modify the influence of eNOS vari-
ants on disease risk (64, 65). In the non-Caucasian
population, the studies have mainly focused on the role
of the intron 4 polymorphism and have yielded contra-
dictory results. In the Chinese population, Hou et
al.(66) observed an increased risk of ischemic stroke
(OR 2.13, 95%CI 1.98–4.80) for carriers of the a allele
after adjusting for potential confounders. On the other
hand, one in Japanese found no increase in risk of stro-
ke for carriers of the a allele (67). In Afro-Americans, a
recent, small case-control study (68) of young women
reported an increased risk of stroke for the –786T>C
variant (OR 2.9, 95%CI 1.3–6.4).

Association studies in ischemic stroke:
Inflammatory molecules

Among the most widely investigated genes are
those involved in inflammation (interleukin 1, inter-
leukin 6, tumor necrosis factor a, toll-like receptor 4, P
selectin and E-selectin, C-reactive protein).

The association of several polymorphisms of the
genes for IL-1a (889C/T), IL-1b (-511C/T) and inter-
leukin-1 receptor antagonist (IL-1ra) (variable numbers
of an 86bp identical tandem repeat, VNTR), located in
a cluster on human chromosome 2, with stroke was
examined in numerous recently done studies. Few
studies confirmed only the association of -889C/T
polymorphism in IL1a gene and ischemic stroke (69–
71). The most frequently examined polymorphism of
TNF  gene in patients with ischemic stroke is -308G/A.
Decreased TNFa A allele frequencies in ischemic stro-
ke patients compared with controls were noticed in
majority of studies. A total of 8 studies involving 3813
subjects (1606 stroke cases and 2207 controls) were
combined in meta-analysis (72). The -308A allele was
not associated with ischemic stroke considering all
studies (OR 0.99; 95% CI 0.70–1.41, P=0.96),
whereas, in adult Asian subjects, the A allele was linked
to a 1.6-fold decrease in ischemic stroke risk. Children
and young adults from Turkey and Italy harboring the
A allele were twice as likely to have ischemic stroke
when compared with subjects with the GG genotype
(OR 2.04, P = 0.004) (73, 74). Interleukin 6 G/C
dimorphism at nucleotide –174 within the promoter of
this gene was examined in a few case-control studies.
The prevalence of CC genotype and the frequency of
C allele were statistically significantly higher in patients
with lacunar stroke than in asymptomatic controls.
Also, Greisenegger et al. (75) evaluated the IL-6
(–174) polymorphism in 214 patients with ischemic
stroke or transient ischemic attack and in 214 control
subjects. The variant was associated with severe stroke
in young patients with acute cerebrovascular events. In
Italian study (76) the frequency of the GG genotype of
–174 IL-6 G/C gene polymorphism in patients with
stroke was >2 times higher than in controls



(P=0.0001). In contrast, the frequency of the CC
genotype was almost 4 times higher in control subjects
(P 0.0001). Association of few polymorphisms in P
selectin, E-selectin, P-selectin glycoprotein ligand-1,
ICAM-1and CRP genes with ischemic stroke was
examined in patients with ischemic stroke with almost
negative results. The 5A/6A polymorphism in the pro-
moter of MMP3 gene has been shown to have an
effect on MMP3 expression and is associated with an
ischemic stroke. In a study of individuals with a history
of ischemic stroke and a group of age- and gender-
matched controls, Flex et al. (77) found that the fre-
quency of the 5A/5A genotype was higher in the case
group, and that the association of the 5A/5A genotype
with increased risk of stroke was independent of classic
risk factors. Although the mechanisms leading to the
stroke incidences are likely to be complex, some of the
incidences might have been triggered by atheroscle-
rotic plaque rupture where increased MMP3 expres-
sion may play a role. The significant association of one
polymorphism localized on intron 1 (A119C) human
toll-like receptor 4 (TLR4) gene and ischemic stroke
(the odds ratio of 119A of TLR4 in ischemic stroke was
11.71 (95% CI: 1.52–90.01)) (78). 

There is a long list of candidate gene pathways
and genes that have been studied for a possible asso-
ciation with ischemic stroke last years (gene encoding
atrial natriuretic peptide (ANP) and type A natriuretic
peptide receptor (NPRA) (79, 80), b2- and b3-adren-
ergic receptor (81, 82), a-subunit of amiloride-sensi-
tive epithelial sodium channels (ENaCs) (83), epoxide
hydrolase (EPHX2) (84), glutathione peroxidase (GPx-
3) (85), vitamin K epoxide reductase complex subunit
1 (VKORC1) (86), insulin-like growth factor I (IGFI)
(87), selenoprotein S (88), endothelins (89), osteopro-
tegerin (90), a-adducin (91), heat shock protein 70
(92), neuropeptide Y (93), growth arrest-specific gene
6 (GAS6) (94), prostaglandin-endoperoxide synthase-
2 (PTGS2 or COX-2) (95), prostacyclin synthase (96),
estrogen receptor a (ESR1) (97), proprotein conver-
tase subtilisin/kexin type 9 (PCSK9) (98), X-ray repair
cross-complementing group 1 (XRCC1) (99). Many of
them are listed in only few studies. In most cases, how-
ever, findings did not support the association of these
polymorphisms and ischemic stroke and could not be
replicated in subsequent studies.

Linkage/association studies in ischemic
stroke: PDE4D and ALOX5AP 

Grouping all types of stroke together has been
successful in a gene discovery project in Iceland by
deCODE group, where a genome scan of 476 patients
(from 179 extended Icelandic pedigrees) considered
all types of stroke together and revealed linkage to
chromosome 5q12. Subsequent linkage analysis and
fine mapping found a strong association between
PDE4D gene encoding phosphodiesterase 4D and
stroke (3). Different haplotypes of PDE4D were found

to be significantly associated with combined carotid
and cardiogenic strokes. Phosphodiesterase 4D can
degrade the second messenger cyclic AMP (cAMP), a
key signaling molecule involved in inflammatory
responses of vascular cells to oxidized lipids. The sec-
ond putative gene for stroke has been described by the
same group. A haplotype at 13q12-13 spanning the
gene ALOX5AP encoding 5-lipoxygenase activating
protein (FLAP) which is involved in leukotirene synthe-
sis and is associated with a 2-fold greater risk of stroke
(4). With the news that two new stroke genes had been
identified, several studies on different populations of
stroke patients in last three years have been performed
to uncover whether variants of PDE4D and ALOX5AP
could participate in stroke in non-Iclandic populations.
The results were mixed. 

A case-control study of stroke patients in central
Europe investigated variants in both genes. It failed to
demonstrate stroke association with PDE4D haplo-
types but did show a significant association with
ALOX5AP variants particularly in males (100). PDE4D
variants have been shown to be associated with stroke
in other populations (inbred Netherlands populations-
particularly small-vessel stroke), a Pakistani population,
India, Japan, U.S. cohort including black and white,
U.S. cohort of elderly white women) (101–105). Three
European studies exclusively examined the strongest
genotype and haplotype associations with ischemic
stroke or the combined atherosclerotic/cardioembolic
group from the Iceland study and failed to replicate
these findings. In an independent large German cohort
there was no association between six SNPs in PDE4D
and stroke. Meta analysis of Staton and coauthors
(106) found a significant association between stroke
and PDE SNP 87 (pooled p=0.002), SNP 83 (0.003)
and SNP 41 (0.003). Song et al. (107) sought to
extend the genetic epidemiology of PDE4D and stroke
risk by examining a biracial female population of early-
onset stroke, by performing novel SNP discovery and
by assessing interaction with smoking. The association
of rs918592 with stroke was confined exclusively to
current smokers (OR 3.2, P= 0.00014), with no asso-
ciation observed among never-smokers (OR 0.9, P=
0.75) or former smokers (OR 1.2, P=0.66), demon-
strating a gene-environment interaction (P=0.03). A
strong dose-response relationship was also seen
among current smokers. Cigarette smoking causes
endothelial dysfunction and is known to modify the
expression of many genes in endothelial cells. A com-
mon haplotype (HapA) in ALOX5AP is associated with
a 1.7-fold increased risk of stroke in the Icelandic po-
pulation. The association was stronger in men than
women and was significant for both ischemic and he-
morrhagic stroke. There are more than 15 published
studies by independent groups attempting to repro-
duce and confirm the original findings of deCODE
group. The association between HapA and ischemic
stroke was subsequently replicated in the Scottish pop-
ulation, which shares a common ancestry with the
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Icelandic population (108). Studies in other popula-
tions reported no association between HapA or other
haplotypes and ischemic stroke (109–111). However,
in a German sample several single-nucleotide poly-
morphisms including one out of four single nucleotide
polymorphisms constituting HapA were associated
with ischemic stroke. 

Two genetic studies on stroke try to identify new
stroke genes. SWISS (siblings with ischemic stroke
study) is a large multicentered trial in the USA that col-
lects sibling pairs affected with stroke, with the basic
idea to collect genetic material and create cell lines
from study subjects to perform genomwide linkage
studies for ischemic stroke (112). The Framingham
Heart Study Offspring cohort have not been examined
for genetic influence on stroke directly but has been
subjected to analysis using intermediate phenotype-
carotid intima thickness and cerebral leukoariosis
(113). 

Future directions

Stroke genetics is very much a forward-looking
field. It may alter management of stroke through devel-
opment of new approach for the prevention or ration-
al treatment of stroke. Recently identified genes,
PDE4D and ALOX5AP, code enzymes involved in spe-
cific pathways that could be targeted in stroke. Specific
regulation of cAMP levels by alteration of cyclase acti-
vity or cAMP effector proteins could be additional tar-
get for rationally designed stroke therapy.

Recently, pharmacogenetics, which investigates
genetically determined variations in response to drugs,
has emerged as a promising research area. It is well-
known that the rates of metabolism by several of the
CYP450 enzymes vary because of genetically deter-
mined polymorphisms. Recent data reveal that approx-
imately 20% of the white population carries 1 of at
least 2 different CYP450 point mutations that cause
sensitivity to warfarin. This suggests that CYP2C9
genotypes may someday be helpful in planning initial
warfarin dosing. The polymorphism in the gene for
vitamin K epoxide reductase complex 1 (VKORC1) has
also been shown to strongly affect individual sensitivity
to warfarin (114, 115).

Identification of a gene polymorphism profile that
predicts atherosclerotic plaque formation and activa-
tion susceptibility opens new vistas of exploration for
gene-directed therapy. Studies demonstrate that gene
profiling can significantly influence responses to drugs
such as statins. A polymorphism in the gene toll-like
receptor-4 that influences innate immunity is associat-
ed with an increased beneficial effect in risk reduction
of cardiovascular events in patients treated with pravas-
tatin. Mutant allele Asp299Gly polymorphism was
found to have significantly fewer cardiovascular events

in the treatment group than patients with the wild-type
gene profile. These data and other studies support the
concept that a comprehensive genetic profile will lead
to a more efficient use of current and future medica-
tions in patients with atherosclerotic disease. Data fur-
ther indicate that genetic profiling in combination with
serotyping of specific organisms shows the interrelation
between genetic and immune response in the incre-
ased risk for atherothrombotic stroke. 

An evidence of the interaction of host genetic fac-
tors with response to acute pharmacotherapy comes
from a subgroup analysis of the NINDS TPA (National
Institute of Neurological Diseases and stroke tissue
plasminogen activator) trial. They demonstrated a sig-
nificant OR for favourable outcome in apoE2 patients
who received tPA compared with apoE2-negative pa-
tients who received placebo. This study shows the
potential for using genetic testing to identify a high-
responder population for thrombolytic therapy, a goal
that has mainly been pursued to this point based on
identification of certain MRI signal characteristics. 

Stroke pharmacogenomics is likely to be most
widely applicable in the outpatient clinic where it could
be used to tailor primary and secondary stroke preven-
tion. Compared with other antihypertensive therapy,
interaction between antihypertensive diuretic therapy
and adducing gene variant was associated with a lower
risk of stroke was also noticed. This study suggested
more effective stroke propylaxis based on specific
genetic information. 

Future stroke genetic studies may also identify
variants that predict the lack of efficacy for specific
treatments. This will improve the cost-effectivness and
limit the potential side-effects of drugs received by
stroke patients (116).

Conclusion

Genetics has revolutionized neurological rese-
arch. Identified stroke-causing genes and other new
genes which will be identified in the future, can be
directly used for developing a genetic testing kit for
early, accurate, and presymptomatic diagnosis of stro-
ke. Many individuals with a high risk of developing
stroke can be identified by genetic testing. It may lead
to successful early prevention or delay the onset of the
disease by aggressive treatment of known risk factors.
Ultimately, genes for stroke can be used as targets for
developing new drugs which might contribute to both
prevention and treatment of stroke, and also may drive
the paradigm shift in modern medicine to personalized
medicine, the right medicine/therapy for right patient.

Acknowledgments: This work was supported by
the Ministry of Science of the Republic of Serbia, proj-
ect code 145010B.  

JMB 2008; 27 (2) 129



References

1. Hassan A, Markus HS. Genetics and ischaemic stroke.
Brain 2000; 123: 1784–812.

2. Dichgans M. Genetics of ischaemic stroke. Lancet
Neurol 2007; 6: 149–61.

3. Gretarsdottir S, Thorleifsson G, Reynisdottir ST,
Manolescu A, Jonsdottir S, Jonsdottir T, Gudmundsdottir
T, Bjarnadottir SM, Einarsson OB, Gudjonsdottir HM,
Hawkins M, Gudmundsson G, Gudmundsdottir H,
Andrason H, Gudmundsdottir AS, Sigurdardottir M,
Chou TT, Nahmias J, Goss S, Sveinbjornsdottir S,
Valdimarsson EM, Jakobsson F, Agnarsson U, Gudnason
V, Thorgeirsson G, Fingerle J, Gurney M, Gudbjartsson
D, Frigge ML, Kong A, Stefansson K, Gulcher JR. The
gene encoding phosphodiesterase 4D confers risk of
ischemic stroke. Nat Genet 2003; 35: 131–8.

4. Helgadottir A, Manolescu A, Thorleifsson G,
Gretarsdottir S, Jonsdottir H, Thorsteinsdottir U, Samani
NJ, Gudmundsson G, Grant SF, Thorgeirsson G,
Sveinbjornsdottir S, Valdimarsson EM, Matthiasson SE,
Johannsson H, Gudmundsdottir O, Gurney ME, Sainz J,
Thorhallsdottir M, Andresdottir M, Frigge ML, Topol EJ,
Kong A, Gudnason V, Hakonarson H, Gulcher JR,
Stefansson K. The gene encoding 5-lipoxygenase acti-
vating protein confers risk of myocardial infarction and
stroke. Nat Genet 2004; 36: 233–9.

5. Grossmann R, Geisen U, Merati G, Mullges W,
Schambeck CM, Walter U, Schwender S. Genetic risk
factors in young adults with 'cryptogenic' ischemic cere-
brovascular disease. Blood Coagul Fibrinolysis 2002; 13:
583–90.

6. Margaglione M, D'Andrea G, Giuliani N, Brancaccio V,
De Lucia D, Grandone E, De Stefano V, Tonali PA, Di
Minno G. Inherited prothrombotic conditions and pre-
mature ischemic stroke: sex difference in the association
with factor V Leiden. Arterioscler Thromb Vasc Biol
1999; 19: 1751–6.

7. Pezzini A, Del Zotto E, Magoni M, Costa A, Archetti S,
Grassi M, Akkawi NM, Albertini A, Assanelli D, Vignolo
LA, Padovani A. Inherited thrombophilic disorders in
young adults with ischemic stroke and patent foramen
ovale. Stroke 2003; 34: 28–33. 

8. Wu AH, Tsongalis GJ. Correlation of polymorphisms to
coagulation and biochemical risk factors for cardiovas-
cular diseases. Am J Cardiol 2001; 87: 1361–6.

9. Casas JP, Hingorani AD, Bautista LE, Sharma P. Meta-
analysis of genetic studies in ischemic stroke. Thirty-two
genes involving approximately 18000 cases and 58 000
controls. Arch Neurol 2004; 61: 1652–62.

10. Funk M, Endler G, Lalouschek W, Hsich K, Schillinger M,
Lang W, Mannhalter C. Factor VII gene haplotypes and
risk of ischemic stroke. Clin Chem 2006; 52: 1190–2.

11. Catto AJ, Kohler HP, Bannan S, Stickland M, Carter A,
Grant PJ. Factor XIII Val 34 Leu: a novel association with
primary intracerebral hemorrhage. Stroke 1998; 29:
813–6.

12. Corral J, González-Conejero R, Iniesta JA, Riviera J,
Martínez C, Vicente V. The FXIII Val34Leu polymorphism
in venous and arterial thromboembolism. Haematolo-
gica 2000; 85: 293–7.

13. Gemmati D, Serino ML, Ongaro A, Tognazzo S, Moratelli
S, Resca R, Moretti M, Scapoli GL. A common mutation
in the gene for coagulation factor XIII-A (VAL34Leu): a
risk factor for primary intracerebral hemorrhage is pro-
tective against atherothrombotic diseases. Am J Hematol
2001; 67: 183–8.

14. Rubattu S, Di Angelantonio E, Nitsch D, Gigante B,
Zanda B, Stanzione R, Evangelista A, Pirisi A, Rosati G,
Volpe M. Polymorphisms in prothrombotic genes and
their impact on ischemic stroke in a Sardinian popula-
tion. Thromb Haemost 2005; 93: 1095–100.

15. Elbaz A, Poirier O, Canaple S, Chédru F, Cambien F,
Amarenco P. The association between the Val34Leu
polymorphism in the factor XIII gene and brain infarc-
tion. Blood 2000; 95: 586–91.

16. Kim RJ, Becker RC. Association between factor V Leiden,
prothrombin G20210A, and methylentetrahydrofolate
reductase C677T mutations and events of the arterial cir-
culatory system: A meta-analysis of published studies.
Am Heart J 2003; 146: 948–57.

17. Chen XC, Xu MT, Zhou W, Han CL, Chen WQ. A meta-
analysis of relationship between b-fibrinogen gene -
148C/T polymorphism and susceptibility to cerebral
infarction in Han Chinese. Chin Med J (Engl) 2007; 120:
1198–202.

18. Kessler C, Spitzer C, Stauske D, Mende S, Stadlmuller J,
Walther R, Rettig R. The apolipoprotein E and ß-fibrino-
gen G/A-455 gene polymorphisms are associated with
ischemic stroke involving large-vessel disease. Arterio-
scler Thromb Vasc Biol 1997; 17: 2880–4.

19. Attia J, Thakkinstian A, Wang Y, Lincz L, Parsons M,
Sturm J, McGettigan P, Scott R, Meldrum C, Levi C. The
PAI-1 4G/5G gene polymorphism and ischemic stroke:
an association study and meta-analysis. J Stroke
Cerebrovasc Dis 2007; 16: 173–9.

20. Tsantes AE, Nikolopoulos GK, Bagos PG, Tsiara CG,
Kapsimali V, Travlou A, Vaiopoulos G. Plasminogen acti-
vator inhibitor-1 4G/5G polymorphism and risk of
ischemic stroke: a meta analysis. Blood Coagul
Fibrinolysis 2007; 18: 497–504. 

21. Nikolopoulos GK, Tsantes AE, Bagos PG, Travlou A,
Vaiopoulos G. Integrin, alpha 2 gene C807T polymor-
phism and risk of ischemic stroke: A meta-analysis.
Thromb Res 2007; 119: 501–10.

22. Armstrong CA, Bevan SN, Gormley KT, Markus HS,
Koblar SA. Tissue plasminogen activator -7351C/T poly-
morphism and lacunar stroke. Stroke 2006; 37: 329–
30.

23. Wang SJ, Yuan XD, Gao J, Pei HZ, LI HF. Relation
between fibrinogen polymorphisms and the type of cere-
bral infarction. Chin J Med Genet (Chin) 2005; 22:
572–4.

24. Hindorff LA, Schwartz SM, Siscovick DS, Psaty BM,
Longstreth WT Jr, Reiner AP. The association of PAI-1
promoter 4G/5G insertion/deletion polymorphism with
myocardial infarction and stroke in young women. J
Cardiovasc Risk 2002; 9: 131–7. 

25. Lichy C, Dong-Si T, Reuner K, Genius J, Rickmann H,

130 Stankovi}, Majki}-Singh: Advances in the genetic basis of ischemic stroke



Hampe T, Dolan T, Stoll F, Grau A. Risk of cerebral
venous thrombosis and novel gene polymorphisms of the
coagulation and fibrinolytic systems. J Neurol 2006;
253: 316–20.

26. Yamada Y, Metoki N, Yoshida H, Satoh K, Ichihara S,
Kato K, Kameyama T, Yokoi K, Matsuo H, Segawa T,
Watanabe S, Nozawa Y. Genetic risk for ischemic and
hemorrhagic stroke. Arterioscler Thromb Vasc Biol
2006; 26: 1920–5.

27. Ladenvall C, Gils A, Jood K, Blomstrand C, Declerck PJ,
Jern C. Thrombin activatable fibrinolysis inhibitor activa-
tion peptide shows association with all major subtypes of
ischemic stroke and with TAFI gene variation.
Arterioscler Thromb Vasc Biol 2007; 27: 955–62.

28. Leebeek FW, Goor MP, Guimaraes AH, Brouwers GJ,
Maat MP, Dippel DW, Rijken DC. High functional levels
of thrombin-activatable fibrinolysis inhibitor are associat-
ed with an increased risk of first ischemic stroke. J
Thromb Haemost 2005; 3: 2211–8.

29. Bongers TN, de Maat MP, van Goor ML, Bhagwanbali V,
van Vliet HH, Gomez Garcia EB, Dippel DW, Leebeek
FW. High von Willebrand factor levels increase the risk of
first ischemic stroke: influence of ADAMTS13, inflam-
mation, and genetic variability. Stroke 2006; 37:
2672–7.

30. Dai K, Gao W, Ruan C. The Sma I polymorphism in the
von Wilebrand factor gene associated with acute
ischemic stroke. Thromb Res 2001; 104: 389–95.

31. Lichy C, Kropp S, Dong-Si T, Genius J, Dolan T, Hampe
T, Stoll F, Reuner K, Grond-Ginsbach C, Grau A. A com-
mon polymorphism of the protein Z gene is associated
with protein Z plasma levels and with risk of cerebral
ischemia in the young. Stroke 2004; 35: 40–5.

32. Obach V, Munoz X, Sala N, Garcia de Frutos P,
Chamorro A. Intronic c.573 + 79G>A polymorphism of
protein Z gene in haemorrhagic and ischaemic stroke.
Thromb Haemost 2006; 95: 1040–1.

33. Staton J, Sayer M, Hankey GJ, Cole V, Thom J,
Eikelboom JW. Protein Z gene polymorphisms, protein Z
concentrations, and ischemic stroke. Stroke 2005; 36:
1123–7.

34. Van Goor M-LPJ, van Heerde WL, Schoormans S, Dippel
DWJ, Leebeek FWG. J Thromb Haemost 2005; 3:
173–5.

35. Kim RJ, Becker RC. Association between factor V Leiden,
prothrombin G20210A, and methylentetrahydrofolate
reductase C677T mutations and events of the arterial cir-
culatory system: A meta-analysis of published studies.
Am Heart J 2003; 146: 948–57.

36. Cronin S, Furie KL, Kelly PJ. Dose-related association of
MTHFR 677T allele with risk of ischemic stroke: evi-
dence from a cumulative meta-analysis. Stroke 2005;
36: 1581–7.

37. Ariyaratnam R, Casas JP, Whittaker J, Smeeth L,
Hingorani AD, Sharma P. Genetics of Ischaemic Stroke
among Persons of Non-European Descent: A Meta-
Analysis of Eight Genes Involving 32,500 Individuals.
PLoS Med 2007; 4: e131. 

38. Banerjee I, Veena Gupta V, Ganesh S. Association of
gene polymorphism with genetic susceptibility to stroke
in Asian populations: a meta-analysis. J Hum Genet
2007; 52: 205–19.

39. Dai C, Zhang G. Study on homocysteine metabolism
related enzymes gene mutations in Chinese patients with
ischemic cardiovascular and cerebrovascular disease.
Zhonghua Xue Ye Xue Za Zhi 2001; 22: 484–7.

40. Zhang C, Shao Y, Hu X. Relationships between the plas-
ma homocysteine levels and the polymorphisms of its
metabolic enzymes and the cerebral infarction.
Zhonghua Shen Jing Ge Za Zhi 2003; 36: 359–62.

41. Pezzini A, Del Zotto E, Archetti S, Negrini R, Bani P,
Albertini A, Grassi M, Assanelli D, Gasparotti R, Vignolo
LA, Magoni M, Padovani A. Plasma homocysteine con-
centration, C677T MTHFR genotype, and 844ins68bp
CBS genotype in young adults with spontaneous cervical
artery dissection and atherothrombotic stroke. Stroke
2002; 33: 664–9. 

42. Sharma P. Meta-analysis of the ACE gene in ischaemic
stroke. J Neurol Neurosurg Psychiatry 1998; 64:
227–30.

43. Szolnoki Z, Maasz A, Magyari L, Horvatovich K, Farago
B, Somogyvari F, Kondacs A, Szabo M, Fodor L, Bodor A,
Hadarits F, Melegh B. Coexistence of angiotensin II type-
1 receptor A1166C and angiotensin-converting enzyme
D/D polymorphism suggests susceptibility for small-ves-
sel-associated ischemic stroke. Neuromolecular Med
2006; 8: 353–60.

44. Thomas GN, Lin JW, Lam WW,.Tomlinson B, Yeung V,
Chan JC, Wong KS. Middle cerebral artery stenosis in
type II diabetic Chinese patients is associated with con-
ventional risk factors but not with polymorphisms of the
renin-angiotensin system genes. Cerebrovasc Dis 2003;
16: 217–23.

45. Yuan XD, Hou QX, Wu SL, Pei HZ, Li HF. A cross-sec-
tional study on angiotensin-converting enzyme and
angiotensin II type I receptor gene polymorphism and
cerebral infarction. Zhonghua Liu Xing Bing Xue Za Zhi
2003; 24: 822–6.

46. Zhang X, Wang D, Xu L, Ma Y, Zhang S. Association
between reninangiotensin system gene polymorphism
and type 2 diabetics with stroke in China. Zhonghua Yi
Xue Yi Chuan Xue Za Zhi 2001; 18: 462–6.

47. Zhong Y, Ha D. Influence of angiotensin II type 1 recep-
tor gene polymorphism on patients with essential hyper-
tension complicated by brain infarction. Zhonghua Yi
Xue Yi Chuan Xue Za Zhi 2002; 19: 201–4. 

48. Nakata Y, Katsuya T, Rakugi H, Takami S, Sato N,
Kamide K, Ohishi M, Miki T, Higaki J, Ogihara T. Poly-
morphism of angiotensin converting enzyme, angio-
tensinogen, and apolipoprotein E genes in a Japanese
population with cerebrovascular disease. Am J Hypertens
1997; 10: 1391–5.

49. Wei X, Wang G, Jiang C, Li D, Zhao G. Association
between hypertensive cerebrovascular stroke and renin-
angiotensin system gene polymorphism from Chinese
cohort in Shanghai. Zhonghua Yi Xue Yi Chuan Xue Za
Zhi 2000; 17: 256–8.

JMB 2008; 27 (2) 131



50. Guan L, Zhang A, Song B, Xiao S, Gao Y. The relation-
ship between angiotensinogen gene CD 235 Met Thr
substitution polymorphism and brain infarction in
Chinese. Zhonghua Yi Xue Yi Chuan Xue Za Zhi 2000;
17: 3336–9.

51. McCarron MO, Muir KW, Weir CJ, Dyker AG, Bone I,
Nicoll JA, Lees KR. The apolipoprotein E epsilon4 allele
and outcome in cerebrovascular disease. Stroke 1998;
29: 1882–7.

52. Sudlow C, Martinez Gonzalez NA, Kim J, Clark C. Does
apolipoprotein E genotype influence the risk of ischemic
stroke, intracerebral hemorrhage, or subarachnoid hem-
orrhage? Systematic review and meta-analyses of 31
studies among 5961 cases and 17 965 controls. Stroke
2006; 37: 364–70.

53. Lalouschek W, Endler G, Schillinger M, Hsieh K, Lang W,
Cheng S, Bauer P, Wagner O, Mannhalter C. Candidate
genetic risk factors of stroke: results of a multilocus
genotyping assay. Clin Chem 2007; 53: 600–5.

54. Yamada Y, Metoki N, Yoshida H, Satoh K, Ichihara S,
Kato K, Kameyama T, Yokoi K, Matsuo H, Segawa T,
Watanabe S, Nozawa Y. Genetic risk for ischemic and
hemorrhagic stroke. Arterioscler Thromb Vasc Biol
2006; 26: 1920–5.

55. Aalto-Setala K, Palomaki H, Miettinen H, Vuorio A, Kuusi
T, Raininko R, Salonen O, Kaste M, Kontula K. Genetic
risk factors and ischaemic cerebrovascular disease: role
of common variation of the genes encoding apolipopro-
teins and angiotensin-converting enzyme. Ann Med
1998; 30: 224–33.

56. Li J, Xu, Zhu XY. Association of apoA5 gene polymor-
phism with levels of lipids and atherosclerotic cerebral
infarction in Chinese. Zhonghua Yi Xue Yi Chuam Xue
Za Zhi 2007; 24: 576–8.

57. Sun L, Li Z, Zhang H, Ma A, Liao Y, Wang D, Zhao B,
Zhu Z, Zhao J, Zhang Z, Wang W, Hui R. Penta-
nucleotide TTTTA repeat polymorphism of apolipopro-
tein(a) gene and plasma lipoprotein(a) are associated
with ischemic and hemorrhagic stroke in Chinese: A
multicenter case-control study in China. Stroke 2003;
34: 1617–22. 

58. Quarta G, Stanzione R, Evangelista A, Zanda B,
Sciarretta S, Di Angelantonio E, Marchitti S, Di Murro D,
Volpe M, Rubattu S. A protective role of a cholesteryl
ester transfer protein gene variant towards ischaemic
stroke in Sardinians. J Int Med 2007; 262: 555–61.

59. Andrikovics H, Pongrbcz E, Kalina, Szilvbsi A, Aslanidis
C, Schmitz G, Tordai I. Decreased frequencies of ABCA
I polymorphisms R219K and V771M in Hungarian
patients with cerebrovascular and cardiovascular dis-
eases. Cerebrovasc Dis 2006; 21: 254–9. 

60. Wheeler JG, Keavney BD, Watkins PH, Collins PR,
Danesh PJ: Four paraoxonase gene polymorphisms in
11212 cases of coronary heart disease and 12786 con-
trols: meta-analysis of 43 studies. Lancet 2004; 363:
689–95.

61. Guo Y, Guo J, Zheng D, Pan L, Li Q, Ruan G.
Relationship between the Nco I, Ava II polymorphism of
low density lipoprotein receptor gene and atherosclerot-
ic cerebral infarction. Zhonghua Yi Xue Yi Chuan Xue
Za Zhi 2002; 19: 209–12.

62. Hattori H, Sonoda A, Sato H, Ito D, Tanahashi N, Murata
M, Saito I, Watanabe K, Suzuki N. G501C polymorphism
of oxidized LDL receptor gene (OLR1) and ischemic
stroke. Brain Res 2006; 1121: 246–9.

63. Elbaz A, Poirier O, Moulin T, Chedru F, Cambien F,
Amarenco P. Association between the Glu298Asp poly-
morphism in the endothelial constitutive nitric oxide syn-
thase gene and brain infarction. The GENIC investiga-
tors. Stroke 2000; 31:1634–9. 

64. Tanus–Santos JE, Desai M, Flockhart DA. Effects of eth-
nicity on the distribution of clinically relevant endothelial
nitric oxide variants. Pharmacogenetics 2001; 11:
719–25.

65. Wang XL, Sim AS, Badenhop RF, McCredie RM, Wilcken
DE. A smoking-dependent risk of coronary artery disease
associated with a polymorphism of the endothelial nitric
oxide synthase gene. Nat Med 1996; 2: 41–5.

66. Hou L, Osei-Hyiaman D, Yu H, Ren Z, Zhang Z, Wang
B, Harada S. Association of a 27-bp repeat polymor-
phism in ecNOS gene with ischemic stroke in Chinese
patients. Neurology 2001; 56: 490–6.

67. Yahashi Y, Kario K, Shimada K, Matsuo M. The 27-bp
repeat polymorphism in intron 4 of the endotelial cell
nitric oxide synthase gene and ischemic stroke in a
Japanese population. Blood Coag Fibrinolysis 1998; 9:
405–9.

68. Howard TD, Giles WH, Xu J, Woznaik MA, Malarcher
AM, Lange LA, Macko RF, Basehore MJ, Meyers DA,
Cole JW, Kittner SJ. Promoter polymorphisms in the nitric
oxide synthase 3 gene are associated with ischemic
stroke susceptibility in young black women. Stroke 2005;
36: 1848–51.

69. Banerjee I, Gupta V, Ahmed T, Faizaan M, Agarwal P,
Ganesh S. Inflammatory system gene polymorphism and
the risk of stroke: a case-control study in an Indian pop-
ulation. Brain Res Bull 2008; 75: 158–65.

70. Um JY, Moon KS, Lee KM, Kim HM. Interleukin-1 gene
cluster polymorphisms in cerebral infarction. Cytokine
2003; 23: 41–6.

71. Um JY, Moon KS, Lee KM, Yun JM, Cho KH, Moon BS,
Kim HM. Association of interleukin-1 alpha gene poly-
morphism with cerebral infarction. Mol Brain Res 2003;
115: 50–4.

72. Pereira TV, Rudnicki M, Franco RF, Pereira A, Krieger JE.
Effect of the G-308A polymorphism of the tumor necro-
sis factor A gene on the risk of ischemic heart disease
and ischemic stroke: A meta-analysis. Am Heart J 2007;
153: 821–30.

73. Rubattu S, Speranza R, Ferrari M, Evangelista A, Beccia
M, Stanzione R, Assenza GE, Volpe M, Rasura M. A role
2of TNF-alpha gene variant on juvenile ischemic stroke:
a case-control study. Eur J Neurol 2005; 12: 989–93.

74. Karahan ZC, Deda G, Sipahi T, Elhan AH, Akar N. TNF-
alpha -308G/A and IL-6 -174 G/C polymorphisms in the
Turkish pediatric stroke patients. Thromb Res 2005;
1155: 393–8.

75. Greisenegger S, Endler G, Haering D, Schillinger M,
Lang W, Lalouschek W, Mannhalter C. The (-174) G/C
polymorphism in the interleukin-6 gene is associated

132 Stankovi}, Majki}-Singh: Advances in the genetic basis of ischemic stroke



with the severity of acute cerebrovascular events.
Thromb Res 2003; 110: 181–6.

76. Pola R, Flex A, Gaetani E, Flore R, Serricchio M, Pola P.
Synergistic effect of -174 G/C polymorphism of the inter-
leukin-6 gene promoter and 469 E/K polymorphism of
the intercellular adhesion molecule-1 gene in Italian
patients with history of ischemic stroke. Stroke 2003;
34: 881–5.

77. Flex A, Gaetani E, Papaleo P. Proinflammatory genetic
profiles in subjects with history of ischemic stroke. Stroke
2004; 35: 2270–5.

78. Lin YC, Chang YM, Yu JM, Yen JH, Chang JG, Hu CJ.
Toll-like receptor 4 gene C119A but not Asp299Gly
polymorphism is associated with ischemic stroke among
ethnic Chinese in Taiwan. Atherosclerosis 2005; 180:
305–9.

79. Rubattu S, Stanzione R, Di Angelantonio E, Zanda B,
Evangelista A, Tarasi D, Gigante B, Pirisi A, Brunetti E,
Volpe M. Atrial natriuretic peptide gene polymorphisms
and risk of ischemic stroke in humans. Stroke 2004; 35:
814–8.

80. Hassan A, Ali N, Dong Y, Carter ND, Markus HS. Atrial
natriuretic peptide gene G664A polymorphism and the
risk of ischemic cerebrovascular disease. Neurology
2001; 57: 1726–8.

81. Stanzione R, Di Angelantonio E, Evangelista A, Barbato
D, Marchitti S, Zanda B, Pirisi A, Quarta G, Volpe M,
Rubattu S.  2-adrenergic receptor gene polymorphisms
and risk of ischemic stroke. Am J Hypert 2007; 20:
657–62.

82. Zee RYL, Cook NR, Cheng S, Reynolds R, Erlich HA,
Lindpaintner K, Ridker PM. Polymorphism in the P-
selectin and interleukin-4 genes as determinants of
stroke: a population-based, prospective genetic analysis.
Hum Mol Genet 2004; 13: 389–96.

83. Hsieh K, Lalouschek W, Schillinger M, Endler G,
Reisinger M, Janisiw M, Lang W, Cheng S, WagnerO,
Mannhalter C. Impact of  ENaC polymorphisms on the
risk of ischemic cerebrovascular events: a multicenter
case-control study. Clin Chem 2005; 51: 952–6.

84. Fornage M, Lee CR, Doris Pa, Bray MS, Heiss G, Zeldin
DC, Boerwinkle E. The soluble epoxide hydrolase gene
harbors sequence variation associated with susceptibility
to and protection from incident ischemic stroke. Hum
Mol Genet 2005; 14: 2829–37.

85. Voetsch B, Jin RC, Bierl C, Benke KS, Kenet G, Simioni
P, Ottaviano F, Damasceno BP, Annichino-Bizacchi JM,
Handy DE, Loscalzo J. Promoter polymorphisms in the
plasma glutathione peroxidase (GPx-3) gene: a novel risk
factor for arterial ischemic stroke among young adults
and children. Stroke 2007; 38: 41–9.

86. Wang Y, Zhang W, Zhang Y, Yang Y, Sun L, Hu S, Chen
J, Zhang C, Zheng Y, Zhen Y, Sun K, Fu C, Yang T, Wang
J, Sun J, Wu H, Glasgow WC, Hui R. VKORC1 haplo-
types are associated with arterial vascular diseases
(stroke, coronary heart disese, and aortic dissection).
Circulation 2006; 113: 1615–21. 

87. Van Rijn MJE, Slooter AJC, Bos MJ, Catarino CFBS,
Koudstaal PJ, Hofman A, Breteler MMB, van Duijn CM.

Insulin-like growth factor I promoter polymorphism, risk
of stroke, and survival after stroke: the Rotterdam study.
J Neurol Neurosurg Psychiatry 2006; 77: 24–7.

88. Hyrenbach S, Pezzini A, del Zotto E, Giossi A, Lichy C,
Kloss M, Werner I, Padovani A, Brandt T, Grond-
Ginsbach C. No association of the -105 promoter poly-
morphism of the selenoprotein S encoding gene SEPS1
with cerebrovascular disease. Eur J Neurol 2007; 14:
1173–5.

89. Gormley K, Bevan S, Hassan A, Markus HS.
Polymorphisms in genes of the endothelin system and
cerebral small-vessel disease. Stroke 2005; 36:
1656–60.

90. Strand M, Soderstrom I, Wiklund PG, Hallmans G,
Weinhall L, Soderberg S, Olsson T. Polymorphism at the
osteoprotegerin and interleukin-6 genes in relation to
first-ever stroke. Cerebrovasc Dis 2007; 24: 418–25.

91. van Rijn MJE, Bos MJ, Yazdanpanah M, Isaacs A, Arias-
Va´squez A, Koudstaal PJ; Hofman A, Witteman JC, van
Duijn CM, Breteler MMB.  -Adducin polymorphism, ath-
erosclerosis, and cardiovascular and cerebrovascular risk.
Stroke 2006; 37: 2930–4.

92. Liu J, Cheng J, Peng J, Han S, Yu L, Nie S. Effects of
polymorphisms of heat shock protein 70 gene on
ischemic stroke, and interaction with smoking in China.
Clin Chim Acta 2007; 384: 64–8.

93. Lee C, Kong M. An interactive association of common
sequence variants in the neuropeptide Y gene with sus-
ceptibility to ischemic stroke. Stroke 2007; 38: 2663–9.

94. Muñoz X, Obach V, Hurtado B, de Frutos PG, Chamorro
A, Sala N. Association of specific haplotypes of GAS6
gene with stroke. Thromb Haemost 2007; 98: 406–12.

95. Hegener HH, Diehl KA, Kurth T, Gaziano JM, Ridker PM,
Zee RYL. Polymorphisms of prostaglandin-endoperoxide
synthase 2 gene, and prostaglandin-E receptor 2 gene,
C-reactive protein concentrations and risk of athe-
rothrombosis: a nested case-control approach. J Thromb
Haemost 2006; 4: 1718–22.

96. Iwai N, Katsuya T, Ishikawa K, Mannami T, Ogata J,
Higaki J, Ogihara T, Tanabe T, Baba S. Human prostacy-
clin synthase gene and hypertension: the Suita Study.
Circulation 1999; 100: 2231–6.

97. Molvarec A, Szeplaki G, Kovacs M, Szeplaki Z, Fazakas
A, Prohaszka Z, Fust G, Karadi I. Estrogen receptor
(ESR1) PvuII and XbaI gene polymorphisms in ischemic
stroke in a Hungarian population. Clin Chim Acta 2007;
382: 100–5. 

98. Cohen JC, Boerwinkle E, Mosley TH Jr, Hobbs HH.
Sequence variations in PCSK9, low LDL, and protection
against coronary heart disease. N Engl J Med 2006;
354: 1264–72.

99. Dutra AVC, Lin HF, Juo SHH, Mohrenweiser H, Sen S,
Grewal RP. Analysis of the XRCCI gene as a modifier of
the cerebral response in ischemic stroke. BMC Medical
Genetics 2006; 7: 78–83.

100. Lõhmussaar E, Gschwendtner A, Mueller JC, Org T,
Wichmann E, Hamann G, Meitinger T, Dichgans M.
ALOX5AP gene and the PDE4D gene in a central

JMB 2008; 27 (2) 133



European population of stroke patients. Stroke 2005;
36: 731–6.

101. van Rijn MJ, Slooter AJ, Schut AF, Isaacs A, Aulchenko
YS, Snijders PJ, Kappelle LJ, van Swieten JC, Oostra
BA, van Duijn CM. Familial aggregation, the PDE4D
gene, and ischemic stroke in a genetically isolated pop-
ulation. Neurology 2005; 65: 1203–9.

102. Saleheen D, Bukhari S, Haider SR, Nazir A, Khanum S,
Shafqat S, Anis MK, Frossard P. Association of phos-
phodiesterase 4D gene with ischemic stroke in a
Pakistani population. Stroke 2005; 36: 2275–7.

103. Nakayama T, Asai S, Sato N, Soma M. Genotype and
haplotype association study of the STRK1 region on
5q12 among Japanese: a case-control study. Stroke
2006; 37: 69–76.

104. Woo D, Kaushal R, Kissela B, Sekar P, Wolujewicz M,
Pal P, Alwell K, Haverbusch M, Ewing I, Miller R,
Kleindorfer D, Flaherty M, Chakraborty R, Deka R,
Broderick J. Association of phosphodiesterase 4D with
ischemic stroke: a population-based case-control study.
Stroke 2006; 37: 371–6.

105. Brophy VH, Ro SK, Rhees BK, Lui LY, Lee JM, Umblas
N, Bentley LG, Li J, Cheng S, Browner WS, Erlich HA.
Association of phosphodiesterase 4D polymorphisms
with ischemic stroke in a US population stratified by
hypertension status. Stroke 2006; 37: 1385–90.

106. Staton JM, Sayer MS, Hankey GJ, Attia J, Thakkinstian
A, Yi Q, Cole VJ, Baker R, Eikelboom JW. Association
between phosphodiesterase 4D gene and ischaemic
stroke. J Neurol Neurosurg Psychiatry 2006; 77:
1067–9.

107. Song Q, Cole JW, O'Connell JR, Stine OC, Gallagher M,
Giles WH, Mitchell BD, Wozniak MA, Stern BJ, Sorkin
JD, McArdle PF, Naj AC, Xu Q, Gibbons GH, Kittner SJ.
Phosphodiesterase 4D polymorphisms and the risk of
cerebral infarction in a biracial population: the Stroke
Prevention in Young Women study. Hum Mol Genet
2006; 15: 2468–78.

108. Helgadottir A, Gretarsdottir S, St. Clair D, Manolescu A,
Cheung J, Thorleifsson G, Pasdar A, Grant SFA,
Whalley LJ, Hakonarson H, Thorsteinsdottir U, Kong A,
Gulcher JR, Stefansson K, MacLeod MJ. Association
between the gene encoding 5-lipoxygenase-activating
protein and stroke replicated in a Scottish population.
Am J Hum Genet 2005; 76: 505–9.

109. Lõhmussaar E, Gschwendtner A, Mueller JC, Org T,
Wichmann E, Hamann G, Meitinger T, Dichgans M.
ALOX5AP gene and the PDE4D gene in a central
European population of stroke patients. Stroke 2005;
36: 731–6.

110. Meschia JF, Brott TG, Brown RD, et al. Phosphodi-

esterase 4D and 5-lipoxygenase activating protein in

ischemic stroke. Ann Neurol 2005; 58: 351–61.

111. Zee RY, Cheng S, Hegener HH, Erlich HA, Ridker PM.

Genetic variants of arachidonate 5- lipoxygenase-acti-

vating protein, and risk of incident myocardial infarction

and ischemic stroke: a nested case-control approach.

Stroke 2006; 37: 2007–11.

112. Meschia JF. The siblings with ischemic stroke study

(SWISS) protocol. BMC Med. Genet 2002; 3: 1–7. 

113. Fox CS. Genomewide linkage analysis for internal

carotid artery intimal medial thickness: evidence for

linkage to chromosome 12. Am J Hum Genet 2004;

74: 253–61.

114. Taube J, Halsall D, Baglin T. Infl uence of cytochrome

P-450 CYP2C9 polymorphisms on warfarin sensitivity

and risk of overanticoagulation in patients on long-term

treatment. Blood 2000; 96: 1816–19.

115. Rieder MJ, Reiner AP, Gage BF, et al. Eff ect of VKORC1

haplotypes on transcriptional regulation and warfarin

dose. N Engl J Med 2005; 352: 2285–93.

116. Genetics of ischemic stroke: future clinical applications.

Semin Neurol 2006; 26 (5): 523–30.

134 Stankovi}, Majki}-Singh: Advances in the genetic basis of ischemic stroke

Received: April 22, 2008

Accepted: May 10, 2008




