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Aim. To evaluate a possible involvement of the F2, F5, MTHFR gene variants into ischemic stroke patho-
genesis in population of Ukraine. Methods. Polymorphic variants were analyzed in unrelated 183 stroke
patients, 100 individuals from the general population of Ukraine and 88 healthy individuals elder than 65
vears using PCR followed by RFLP analysis. Results. Unfavourable polymorphic variants F2 202104, F5
16914 and MTHFR 677T were observed more frequently in patients with ischemic stroke comparing to con-
trol groups. Conclusions. F5 16914 and MTHFR 677T polymorphic variants are associated with the oc-
currence of ischemic stroke in women. F2 202104 is associated with the occurrence of ischemic stroke in
men. Cumulative risk factor for stroke development is revealed in a combination of unfavorable polymor-
phic variants 202104, 16914 and 677T of F2, F5 and MTHFR genes.

Keywords: Factor V Leiden (F5 G16914) gene, prothrombin (F2 G202104) gene, methylenetetrahydrofo-
late reductase (MTHFR C677T) gene, ischemic stroke, combined genotype.

Introduction. Nowadays, stroke is one of the main
causes of invalidization and mortality in the developed
countries, being a crucial medical and social problem
[1-8].

Stroke is defined as rapidly developing clinical
signs of focal (or global) disturbance of cerebral func-
tion with symptoms, lasting 24 h or longer or leading
to death, with no apparent cause other than of vascular
origin [3]. Stroke is considered to be a complex poly-
genic disorder arising from a wide number of gene—
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gene and gene—environment interactions. Since the ad-
vent of molecular genetics in medicine it has been a fo-
cus of interest to clarify a role of mutations in various
candidate genes and their impact on stroke develop-
ment. A series of studies have been carried out to ex-
plain possible mechanisms of this ischemic event. The
results of the study are not entirely consistent, but the
majority of the data support the concept that thrombo-
sis is important for ischemic stroke development [1-6].

The factor V (F5 G1691A) Leiden and G20210A
variant of the prothrombin (F2) gene are clotting fac-
tor mutations that are associated with an increased
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tendency toward venous thrombosis [1, 4]. The eviden-
ce of a role for these gene variants in the risk of ische-
mic stroke is controversial [1, 4, 6].

The G to A transition at nucleotide position 20210
in the 3'-untranslated region of 2 gene plays a regu-
latory role in the gene expression [1, 5, 6, 9]. Pro-
thrombin has procoagulant, anticoagulant and antifib-
rinolytic activities, and thus a disorder involving pro-
thrombin results in hemostasis multiple imbalances [1,
5]. The F2 G20210A gene mutation is associated with
an elevated risk of deep vein thrombosis and con-
sequently ischemic stroke [1, 6].

The point mutation of factor V (F5 G1691A) leads
to the structural change in the factor V molecule and
makes it less susceptible to inactivation by activated
protein C (APC) [7], resulting in a hypercoagulable
state when more factor Va is available within the pro-
thrombinase complex, thereby increasing the genera-
tion of thrombin leading to thrombosis and, therefore,
ischemic stroke [1, 4, 6-8].

Hyperhomocysteinemia has been documented as
an independent risk factor for stroke [1, 4]. The most
common form of genetic hyperhomocysteinemia re-
sults from production of a thermolabile variant of me-
thylenetetrahydrofolate reductase with reduced en-
zymatic activity caused by C677T substitution in the
MTHFR gene [1, 4]. Moderate elevation of homocys-
teine in the plasma is an established risk factor in the
development of ischemic stroke and venous throm-
bosis due to its toxic influence on the endothelium.
Concerning the connection of C677T MTHFR and a
risk of stroke, the results are conflicting as well [1, 4].

The aim of this study was to evaluate a possible
involvement of the /2 G20210A, F5 G1691A, MTHFR
C677T gene variants into stroke pathogenesis.

Materials and methods. Study subjects. Unrelated
individuals who were randomly selected between 2008
and 2009 from different regions of Ukraine were inclu-
ded in this study. An informed consent was obtained
from each participant prior to blood collection and
DNA extraction.

This study was approved by the Ethical Committee
of the Institute of Molecular Biology and Genetics of
the National Academy of Sciences of Ukraine and by
state institution «Institute of Gerontology of the Acade-
my of Medical Sciences of Ukraine».
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A case group included 183 patients (men — 95, wo-
men — 88), who have survived after ischemic stroke and
were referred for rehabilitation. The patients were do-
cumented according to a standardized protocol com-
prising the following information: vascular risk factors
including hypertension, diabetes, cigarette smoking,
body mass index, medical history including general
medical diseases (e. g. previous cardiac, neurological,
oncological diseases) and previous medication with
particular reference to vascular diseases (TIA/stroke,
venous thrombosis); laboratory and instrumental in-
vestigations including carotid and vertebral ultraso-
und, electroencephalography, echocardiography, MRI
or CT; stroke cause and stroke severity as measured by
validated scales. A control group I consisted of 100 in-
dividuals from the general population of Ukraine
(men — 50, women — 50). A control group II included
88 healthy individuals elder then 65 years (men — 35,
women — 53) without any history of ischemic stroke.
No significant difference between the age of men and
women within each group was observed.

Genotyping. DNA was extracted from the periphe-
ral blood leukocytes by standard phenol-chloroform
extraction method [10]. The 2 gene G20210A and F'5
gene G1691A allelic variants were identified by multi-
plex polymerase chain reaction (PCR) with the use of
specific oligonucleotide primers followed by Mnll rest-
riction enzyme digestion, as described by Koksal et al.,
2006 [11].

The MTHFR gene C677T allele was detected by
PCR with the use of specific oligonucleotide primers
followed by Hinfl restriction enzyme digestion, as des-
cribed by Michael et al., 2008 [12].

Electrophoresis of the PCR products was perfor-
med in a 1.8 % agarose gel. PCR products 169, 221 and
294 bp long correspondently were digested and run on
7 % PAGE, the gels were stained with EtBr followed
by visualization under UV.

Statistical analysis. The statistical analyses were
performed using MDR, Genepop and Arlequin soft-
wares [13—15]. Differences were considered signifi-
cant at P < 0.05 value of Fisher exact test.

Results and discussion. Because we included
individuals who have survived after ischemic stroke
only, one could argue that this could have led to pre-
judiced results. Case fatality in stroke largely depends
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Table 1
Genotype and allele distribution among the study groups
G [prigee | du | wem [ comim | we | vew [ cwmw | we | e
F5 G1691A
Genotype, n (%)
GG 98 (98) 50 (100) 48 (96) 85(96.6)  35(100)  50(94.3) 177(96.7) 94 (98.9) 83 (94.3)
GA 2(2) 0 (0) 2 (4) 2(2.3) 0 (0) 2 (3.8) 6(3.3) 1(1.1) 5(5.7)
AA 0 (0) 0 (0) 0 (0) 1(1.1) 0 (0) 1(1.9) 0 (0) 0 (0) 0 (0)
Allele, n (%)
G 198 (99)  100(100) 98 (98)  172(97.7)  70(100) 102(96.2) 360 (98.4) 189 (99.5) 171 (97.2)
A 2(1) 0 (0) 2(2) 42.3) 0 (0) 4(3.8) 6(1.6) 1(0.5) 5(2.8)
F2 G20210A
Genotype, n (%)
GG 97 (97) 48 (96) 49 (98) 88 (100)  35(100) 53 (100) 175(95.6) 88 (92.6) 87 (98.9)
GA 3(3) 2 (4) 1(2) 0 (0) 0 (0) 0 (0) 8 (4.4)%* 7(7.4) 1(1.1)
AA 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Allele, n (%)
G 197 (98.5) 98 (98) 99 (99) 176 (100.0) 70 (100) 106 (100) 358 (97.8) 183 (96.3) 175 (99.4)
A 3(1.5) 2(2) 1(1) 0 (0.0) 0 (0) 0 (0) 8(2.2) 7(3.7) 1(0.6)
MTHFR C677T
Genotype, n (%)
cC 50 (50) 23 (46) 27 (54) 44(50)  13(37.1) 31(58.5) 73(39.9) 33 (347) 40 (45.5)
CT 45 (45) 25 (50) 20 (40) 37(42)  20(57.2) 17(32.1) 87 (47.5)  49(51.6) 38 (43.1)
TT 5(5) 2 (4) 3 (6) 7(8) 2(5.7) 5(9.4)  23(12.6)%  13(13.7) 10 (11.4)
CT+TT 50 (50) 27 (54) 23 (46) 44 (50)  22(62.9) 22(41.5) 110(60.1) 62 (65.3)  48(54.5)%*
Allele, n (%)
C 145 (72.5) 71 (71) 74(74)  125(71.0) 46 (65.7) 79 (74.5) 233 (63.7) 115(60.5) 118 (67)
T 55(27.5)  29(29) 26(26)  51(29.0) 24 (343) 27(25.5) 133(36.3) 75(39.5) 58 (33)

n—group size; F2: A—20210A; G-20210G, F5: A—1691A; G- 1691G, MTHFR: T—677T, C —677C, **Significant at P < 0.05 between
case and control group II, *Significant at P < 0.05 between case and control group I.

on age, 88 % of all deaths from stroke occurring in
people older than 65 years [4].

The average age between the groups was signi-
ficantly different. In the control group Il the individuals
average age (73.9 + 6.4) was higher than in the case
group (64.6 = 9.1), on the other hand, the average age
of individuals in the control group I (30.2 &+ 7.6) was
lower than in the other groups.

To clarify a possible involvement of the F2
G20210A, F5 G1691A, MTHFR C677T in stroke the
analysis of above mentioned SNPs was performed.
Genotypes and allele frequencies of the three polymor-
phisms are presented in Table 1.

After the molecular-genetical analysis we have es-
tablished that the F2 20210A carriers frequency in the
case group was 4.4 %, and in the control group II such
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carriers were not found. Significant difference was fo-
und between the frequency of men and women carriers
of the F2 20210A from the case group, men had higher
frequency (7.4 %) comparing to women (1.1 %). Simi-
lar findings regarding gender specific role of the F2
20210A, as significant risk factor of stroke in men but
not in women, were reported previously [6]. We also
found the evidence that the FV Leiden mutation is ob-
served more frequently in women. A trend toward dif-
ference in the distribution of the /5 1691 A was found
between women (5.7 %) and men (1.1 %) from the case
group.

We assume that these data, showing the gender-
specific prevalence of the F2 20210A and F5 1691A
mutations in the case group, suggest that the risk of
stroke development for men and women, carrying the
F220210A and F5 1691 A mutations, is unequal. There
are extensive epidemiological data showing that pre-
menopausal females have reduced risk for cardiovas-
cular disease than men of the same age, but the meno-
pause initiates a phase of increased risk for cardiovas-
cular disease (CVD) [16— 19].

It was shown that endogenous estrogens increase
the resistance to activated protein C regardless of the
presence of the FVL mutation [6]. At the same time, se-
veral beneficial vascular effects of estrogen have been
suggested, including modification of the composition
of circulating lipoproteins, changes in blood coagula-
tion, inhibition of intravascular accumulation of col-
lagen, antiproliferative effects on vascular smooth
muscle (VSM) cells, and direct vasodilation of blood
vessels [20], and there are few reports on cardiac genes
regulated by estrogen [21].

With age the estrogen concentration in plasma de-
creases, this may explain the enhanced vascular con-
traction in aging females. Postmenopausal hypoestro-
genism has been suggested to increase arterial vascular
tone through a decrease in vasodilator neuropeptides
and an increase in vasoconstrictor peptides in the arteri-
al wall nerve terminals of the autonomous nervous sys-
tem [22].

Progesterone is expressed in both endothelial and
vascular smooth muscle cells, stimulates endothelial
nitric oxide synthase activity, NO production, and NO-
mediated relaxation, the effects of progesterone on
vascular relaxation may be tissue specific [19]. The
FVL mutation has been shown to further increase the
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risk of venous thrombosis in oral contraceptive and
hormone replacement therapy users [16, 19].

Nevertheless, some evolutionary benefits for fema-
les carrying the FVL mutation, which are crucial for
successful pregnancy outcome, were described by Go-
pel et al. [23], Majerus et al. [24], and Lindqvist et al.
[25]. Women, who carry the FVL mutation lose less
blood in menstruation, have higher haemoglobin le-
vels, and possibly have a lower incidence of life-
threatening post-partum haemorrhage [25]. The posi-
tive effect on implantation was described [24] and
verified in studies, where an improved implantation
rate in the ICSI and IVF pregnancies was reported if
either the mother or the child carried the FVL mutation
[23]. Those benefits for pre-menopausal women be-
come a disadvantage with age in post-menopause
women with the loss of cardio protective function of
estrogens.

Androgens have been shown to be important for
survival, number of studies have linked androgen defi-
ciency to increased mortality in men [26, 27]. Testoste-
rone is an anabolic hormone with a wide range of bene-
ficial effects on men’s health. Androgen receptors have
been identified in the blood vessels of experimental
animals and of humans [26]. In number of studies it was
[26, 27] noted that testosterone (T) deficiency might
contribute to increased risk of CVD. It was found that
men older than 25 years old presenting with
hypertension had lower total T values [26]. The
androgen deficiency was shown to be associated with
increased levels of total cholesterol, low-density
lipoprotein, increased production of proinflammatory
factors, and increased thickness of the arterial wall and
contributes to endothelial dysfunction [26, 27]. It was
reported that endogenous T levels decline with age.

Thus, we suppose that endothelium dysfunction is
increased in aging men due to testosterone level
decline, so that it can be considered as an independent
thrombosis risk factor. The observed higher frequency
of the F2 20210A variant in men comparing to women
with stroke confirms that the F220210A variant might
be an additional genetic risk factor of the stroke deve-
lopment in men.

Furthermore, we have established that, the MTHFR
677T homozygous carrier’s frequency in the case
group in our study (12.6 %) was significantly higher
than in the control group I (5 %). Genotype frequency



ISCHEMIC STROKE IN UKRAINIAN POPULATION

Table 2
Combined genotypes frequencies of the F5 G16914, F2 G202104
and MTHFR C677T genes variants

Genotype Case group Comrolll group
Gender
F2 ‘ Fs ‘ MTHFR n % " %
Men 32 337 13 37.3
GG GG CcC
Women 38 432 31 58.5
Men' 1 1.05 0 0
GA GG CC
Women' 0 0 0 0
Men' 0 0 0 0
GG GA CcC
Women' 5 23 0 0
Men 44 463 20 57.2
GG GG CT
Women' 35 39.8 14 264
Men' 5 525 0 0
GA GG CT
Women' 1 11 0 0
Men' 0 0 0 0
GG GA CT
Women' 2 23 3 57
MCn'i‘ 11 116 ) s
GG GG TT
Women' 9 102 5 9.4
Men' 1 1.05 0 0
GA GG TT
Women' 0 0 0 0
Men' 1 1.05 0 0
GG GA TT
Women' 1 1.1 0 0

GA or/and GA «
Men or/and TT 19 20 2 5.5

GA or/and GA
Women or/and CT + TT 30
n — group size; F2: A —20210A; G —20210G, F5: A - 1691A; G —
1691G, MTHFR: T — 677T, C — 677C; " — genotypes, considered as
unfavorable; *Significant at P < 0.05.

56.8% 22 41.5

with at least one risk allele of the MTHFR 677T was
higher in women from the case group (54.5 %) than in
women from the control group II (41.5 %).

So, we can assume that carrying the MTHFR 677T,
that results in total homocysteine (tHcy) level increase
[28-30], is a risk factor for the stroke development in
women. As mentioned earlier, endothelium dysfunc-
tion is increased due to sex hormones level decline with
age. Homocysteine may impair endothelium function
by decreasing both the production of vasodilator sub-

stances and their bio-availability to smooth muscle
cells [30]. The damaged blood vessels endothelium in-
creases thrombocyte adhesion and risk of thrombotic
event. Many factors are related to circulating tHey con-
centrations [29]. Fasting plasma tHcy concentration is
consistently higher in men than in women, and in-
creases with age [22, 29]. In addition, homocysteine
levels are reported to be lower in pre-menopausal wo-
men than in men and post-menopausal women. Be-
cause tHcy concentrations are strongly modulated by
gender and age, interactions among these factors, folate
status and the C677T mutation in the MTHFR gene lo-
cus may explain the inconsistent association of this po-
lymorphism with the risk of occlusive vascular disease.
Changes in sex hormones and tHcy levels seem to have
strongly pronounced influence on endothelium dys-
function development in women. Thus, carrying the
C677T mutation in MTHFR gene may additionally in-
crease the risk of endothelium dysfunction, and as a
result, the risk of stroke development in women with
the 677T allele is higher comparing to men.

For revealing a possible cumulative influence of
the polymorphic variants G20210A, G1691A and
C677T of F2, F5 and MTHFR genes, combined geno-
types distribution analysis was performed (tabl. 2).

After combined genotypes distribution analysis of
the polymorphic variants G20210A, G1691A and
C677T of F2, F5 and MTHFR genes, total frequency of
unfavorable combined genotypes, which included at
least one of the risk alleles of F2 and/or F5 and/or
bearing two copies of the MTHFR 677T, was higher in
men from the case group (20 %) than in men from the
control group 11 (5.5 %). In women from the case group
(56.8 %) frequency of total unfavorable combined
genotypes which included at least one of the F2, F35,
MTHFR genes risk alleles was higher than in women
from the control group II (41.5 %).

Therefore, our findings suggest some common
trend for interactions of unfavorable combined geno-
types in complex disorder development. The genetic
factors which are minor or insignificant, when present
alone, can exert an additive effect. Certain specific pa-
irs of mutations and clinical risk factors in combination
might yield significant complex risk factors for ische-
mic stroke. Besides the classical clinical risk factors,
rapidly increasing knowledge of unfavorable genetic
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mutations will permit recognition of a larger popula-
tion at high risk of ischemic stroke, and this may lead to
more effective prevention.

We should point out, that larger case and control
groups for verification of the observed interactions in
our study in higher significant level are required.

Our data show that the polymorphic variant
20210A of F2 gene can be a higher risk factor for the
stroke development in men. On the other hand, for wo-
men a higher risk factor for the stroke development se-
ems to be the polymorphic variant 1691A of F5 gene.
We also assume that the polymorphic variant 677T of
MTHFR gene can be a genetic predisposition factor for
the stroke development in women. Cumulative risk fac-
tor for the stroke development is revealed in a combi-
nation of unfavorable polymorphic variants 20210A,
1691A and 677T of the F2, F5 and MTHFR genes.

The study was supported by the NAS of Ukraine.

I1. @. Tamapcokuii, A. M. Kyuepenxo, C. A. Kpasuenko,
/1. B. Llynvocenko, C. M. Kysueyosa, JI. A. Jliswuys

ltemivnuii iHCYIBT cepel HaceleHHs Y KpaiHu: MOXJIINBE
3aiyueHHs nojgiMopHux Bapianris renis F2 G20210A,
F5 G1691A ta MTHFR C677T

Pesrome

Mema. IIposecmu ananiz 36 3Ky NONIMOPGHHUX 6apianmie 2enie
F2, F5, MTHFR ma namoezene3sy incyibmy cepeo nacenenns Yxpai-
Hu. Memoou. Anenvni 6apianmu eusHaydanu cepeo 183 Hecnopione-
Hux nayieumie 3 incyromom, 100 in0ugioyymis iz 3aeaioHoi nonyJis-
yii ma 88 — 300posux iHOugioyymie cmapuux 65 pokie, memooom
11JIP ma IIJ[PD-ananizy. Pezynomamu. « Hecnpuamaugi» noaimop-
¢nisapianmu F2 202104, F5 16914 ma MTHFR 677T cnocmepiza-
aucs yacmiuie ceped NAYIEHMIB 3 IUeMIYHUM IHCYTbMOM NOPIBHAHO
3 Konmpoavhumu epynamu. Bucnosku. Ilorimopdui eapianmu F5
16914 ma MTHFR 677T acoyitiogani 3 6unaoxamu iuuemiuno2o in-
cynomy y scinok, eapianm F2 202104 — 3 eunadkamu iwiemiunozo
incynemy y wonogixie. Kombinayia uaeienux Mymanmuux eapian-
mie 16914, 2021041 677T cenie F5, F2 i MTHFR nposeiaemucs K
aoumugHull hakxmop pusuKy 6UHUKHEHHA UHCYTbINY.

Knwouosi cnosa: een pakmopa V Jleiioen (F5 G1691A4), 2en npo-
mpombiny (F2 G202104), cen memunenmempaziopogorampedyx-
masu (MTHFR C677T), iwemiunuii iHcyiom, KOMOIHOBAHUL
2eHomun.

1l. @. Tamapckuii, A. M. Kyuepenxo, C. A. Kpasuenxo,
/. B. Llynvoicenko, C. M. Kyzneyosa, JI. A. Jluswuy

WNmemudeckuii HHCYIBT CPEaU HACEICHHUS YKPAWHBI: BO3MOXKHOE
BOBIICYCHUE MONUMOP(HBIX BapuaHTOB reHoB F2 G20210A, FS5
G1691A u MTHFR C677T

Pestome

Llenw. Ilposecmu ananusz accoyuayuu noIUMOPHHbIX APUAHMOE
cenoe F2, F5, MTHFR u namozenesa uncyivma cpeou Hacenenus
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Vrkpaunol. Memoowl. Annenvrvle 6apuanmel aHaIU3UPOSALU CPeOU
183 Hepoocmeennbix nayuenmos ¢ uncyavmom, 100 unousudyymos
u3z obweu nonyaayuu Yrkpaunol u 88 300po8vlx UHOUBUOYYMOE
cmapwe 65 nem memoodamu I1L[P u IT/[P®-ananusa. Pe3ynomameol.
«Hebnaconpusmuuvie» noaumopghnvie eapuanmvr F2 202104, F5
16914 u MTHFR 677T 6viasaanuce yawe y nayueHmos ¢ uuiemu-
YeCcKUM UHCYIbIMOM NO CPAGHEHUIO C KOHMPONbHLIMU 2PYNNAMU.
Buoteoowt. Ilonumoppnoie sapuanmer F5 16914 u MTHFR 677T ac-
COYUUPOBANDBL CO CAYUAAMU UUEMUYECKO20 UHCYILIMA Y JHCCHUUH,
sapuanm F2 202104 — co cayvaamu uwemuyeckozo UHCyabma y
myoicuun.  KomOunayuu GulsAGIEHHBIX MYMAHMHBLIX 8APUAHNOB
16914, 202104 u 677T cenos F5, F2 u MTHFR npossnaiomcs kaxk
A0OUMUBHbBLU YAKMOP PUCKA BOZHUKHOBGEHUSL UHCYIbINA.

Kutouegvie cnoga: 2en ¢pakmopa V Jleioen (F5 G16914), een
npompoméuna (F2 G202104), een memurenmempazuopodoiam-
peoykmaszvl (MTHFR C677T), uwemuyeckuil uncyibm, KOMOUHUPO-
BAHHDII 2EHOMUN.
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