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ABSTRACT

Aim: The role of FVL mutation and prothrombin gene mutation have been well established in venous thrombolism. The aim of this study was to
investigate whether these mutations have a role in arterial thrombotic disease namely ischemic stroke and intracranial hemorrhagic in Kashmiri
population.

Methodology: A case-control study was designed with 75 ischemic stroke patients, 75 intracranial hemorrhagic patients and 100 healthy controls.
The mutations were analysed using ARMS- PCR and PCR-RFLP approach.

Result: The FVL GA genotype was found to be to be significantly associated with the increased risk of ischemic stroke (p=0.03) while no
association was found with intracranial haemorrhage (p=0.07). The prothrombin 20210 G > A mutation was not found in any of the cases or
controls.

Conclusion: The increased frequency of FVL mutation in ischemic stroke patients indicates a significant role of this mutation in the development
of ischemic stroke in our population. We therefore suggest the routine screening of FVL mutation as a thrombophilic marker in Kashmiri patients
with arterial thrombosis.
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Introduction:

Stroke is one of the common neurological disorders. It is the third most
common cause of mortality and the most common cause of disability
worldwide (WHO, 2002). Its prevalence amongst young adults ranges
from 3 to 5% (Hart R.G. et al. 1983; Adams H.P. et al. 1986). Almost
85% of strokes are ischemic in origin and 15% are due to primary
intracranial haemorrhage (Warlow C.P. 1998; Goldstein L.B. et al.
2001; WHO, 2002). Although the major risk factors of stroke are
hypercholesterolemia, systolic and diastolic blood pressure, smoking,
high alcohol consumption and oral contraceptives, yet prothrombotic
genetic factors may also be important underlying factors for these
infarcts (Durai P.J. et al. 2007). Recently, the most frequent genetic
factors emerged to be associated with thrombophilia are the point
mutations in the genes encoding coagulation factor V (FVL) and
prothrombin gene. The FVL mutation (G to A substitution at position
1691 of the FV gene) prevents the inactivation of coagulation factor V
by activated protein C, thereby leading to a state of hypercoagulability.
FVL has been indicated as a major genetic risk factor for venous
thromboembolism in adults and ischemic stroke in children across
many studies. The prothrombin gene mutation (G to A substitution at
position 20210 in the 3’-UTR of the prothrombin gene) is the second
most common known inherited risk factor for thrombosis. This
mutation increases the plasma prothrombin levels higher than normal
without leading to any functional difference in prothrombin molecule.
It almost increases the 2-fold risk of deep vein thrombosis (DVT) and
pulmonary emboli (PE) (Kim R.J. et al. 2003).

Although these two mutations are well established as a risk factors for
venous throm-bosis, but their role in arterial thrombotic disease like
stroke is contentious. While many epidemio—logical studies have
shown their association with an increased risk of stroke and coronary
artery disease (Gomez Garcia E.B. et al 2002; Herrmann F.H. et al.
2001; Ye Z. et al. 2006), many other failed to find any significant
association between these two mutations and stroke in adult
populations (Bertina R.M. et al. 1994; Kalafatis M. et al. 1994).

To date no study has evaluated the effect of the FVL G1691 and
Prothrombin G20210A mutations in patients with ischemic stroke and
intracranial haemorrhage in Kashmiri population. In the present study,
we therefore designed a case-control study to examine whether these
mutations are genetic risk factors for ischemic or hemorrhagic stroke
of Kashmiri population.

Materials and Methods:

Subjects:

We included a total of 150 stroke patients among which 75 cases were
those with intra-cranial haemorrhagic (ICH) and 75 cases with
ischemic stroke (ISC). Patients were recruited from the Department of
Neurology, Sher-i-Kashmir Institute of Medical Sciences hospital. A
total of 100 age and sex matched healthy controls were also included in
the study. Both the patients and controls gave informed consent to
participate in the study. The study was approved by ethics committee
of the institute. A pretested, semi-structured questionnaire was used to
collect the information on clinical and laboratory parameters. Data
from all the patients was obtained from personal interviews with
patients and/ or guardians, and based on prior medical records or
standard clinical examination and tests. The data collected included
age, gender, smoking status, Diabetes, Hypertenion, Dyslipidemia,
ICH Score, Location of ICH, Vascular Type of Ischemic Stroke,
NIHSS Severity Grading. The exclusion criteria for selecting the
patients was ischemic stroke patients with atrial fibrillation on ECG or
a known valvular heart disease predisposing to cardiac emboli or
documentation of L.V. clot or wall motion abnormalities on precordial
echocardiography and haemorrhagic stroke patients with history of
trauma, SAH, suspected or documented aneurysm or ICSOL.

Sample collection and DNA extraction:

About 2-3 mL of peripheral blood was collected from stroke patients in
tubes containing ethylenediamine tetraacetic acid (EDTA) and DNA
was isolated using a Zymogen (Irvine, CA, USA) DNA extraction kit.
The quality of the DNA was checked by agarose gel electrophoresis.
The extracted DNA was stored at -20°C for further use.
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Mutation Detection:

Amplification refractory mutation system (ARMS) PCR assay was
established for the molecular analysis of Factor V (Leiden) G1691A-
and Prothrombin G20210A-mutations. The PCR primers were
designed based to amplify a 150bp fragment form exon 10 of Factor V
gene surrounding nucleotide 1691 and 350bp fragment from PT gene
surrounding nucleotide 20210 was amplified. The primers used in the
PCR amplification reactions included a common primer and normal
allele specific primer or a mutation specific primer. The primer
sequences are given in Table 1. The PCR reaction was set in a final
volume of 25ul mixture containing 1X PCR buffer (Biotools), 0.2 mM
dNTP mixture (biotools), 150 ng each primer (Sigma), 1U Taq DNA
polymerase (Biotools 5U/pl), and 200 ng genomic DNA (0.2 pg/ul).
Amplification was done at 94 for 7 min, 30 cycles of 94 °C for 30 s, X
°C for 30 sec min, 72 °C for 30sec min followed by extension at 72 °C
for 7 min. The primer sequences and annealing temperatures are given
in Table 2. The presence or absence of PCR products were visualized
under UV light after electrophoresis using 2% agarose gel (Genie,
Bangalore, India).

Statistical analysis:
Statistical analysis was performed by using Chi-square-testing and
Fisher’s exact test. A value of p <0.05 was considered significant.

Result:

A total of 150 patients suffering from stroke, among them 75 subjects
with ISC and 75 subjects with ICH were evaluated for factor V (FV)
G1691A- and prothrombin (PT) G20210A-mutations in an age and
gender matched case-control study with 100 healthy controls. Among
75 ISC cases, 43 patients were females (F) and 32 were males (M)
(F/M ratio = 1.34). 45 patients were <55 of age and 30 patients were
>55 of age. The mean age of ISC patients was 55.69 years. 54 patients
were hypertensive and 21 were non-hypertensive. Dyslipidaemia was
present in 34 patients and absent in 41 patients, 18 patients had diabetes
and 57 were non-diabetic, 46 patients were smokers and 29 patients
were non-smokers. According to NHISS Grading System, 12 patients
had mild form of disease, 26 patients had moderate disease, 15 patients
had severe disease and 4 patients had very severe form of disease.
Among the ICH patients, 41 patients were males and 21 patients were
females. 27 patients were <55 of age and 35 patients were >55 of age.
The mean age of ICH patients was 58.29 years. 50 ICH patients were
hypertensive and 12 were non-hypertensive. The location of ICH was
lobar in 17 ICH cases and non-lobar in 45 ICH cases. The ICH Score
was 0 in 10 patients, 1 in 16 patients, 2 in 24 patients, 3 in 11 patients
and 4 in one patient. The frequency distribution analysis of selected
demographic and risk factors in ISC and ICH cases and controls is
presented in Table 2.

In our study there was no case of a homozygous FVL mutation in both
patients and controls. However, 4 ISC and 3 ICH patients were found
to be heterozygous for FVL mutation. The allelic and genotypic
frequencies indicated GA genotype to be significantly associated with
the risk of ISC in our population (p=0.03) while no association was
found with the risk of ICH (p=0.07) Table 5. As for prothrombin 20210
G > A mutation, all of the cases and controls were wild for this
mutation. The absence of prothrombin 20210 G > A gene variants in
our study population limits the power to de—tect a significant
association with stroke. The frequencies (patients vs. controls), odds
ratio (OR), 95% confidence interval (95% CI), and P value obtained
from the comparison between stroke patients and controls with FVL
and PT20210A versus the control group are summarized in Table I1.

Discussion:

Considering the known effects of Factor V and PT genetic variants in
hypercoagulability and predisposition to venous thromboembolism
events like pulmonary emboli (PE) and deep venous thromboses
(DVT), the present study focussed to evaluate the role of these
mutations as a risk factor for arterial thrombotic diseases like ischemic
stroke and intracranial haemorrhage in Kashmiri population.

The overall frequency of FVL in our healthy population was zero.
Earlier also FVL has been least found in East Asian, African, and
Australian populations. It is more commonly found in European
populations about 5.2% in Caucasian Americans and 1.2% in African
Americans (Ridker P.M. et al. 1997). In current study no homozygous
FVL mutation was found in any of the stroke patients, however, the
heterozygous FVL mutation was found in 5.33% of ISC cases and 4%
of ICH cases. A statistically significant association was found between
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FVL and ISC but no statistical significance with ICH was observed.
The potential mechanism for the association of FVL as a relevant risk
for the development of cerebral infarction has been suggested to be
paradoxical venous-to-arterial embolism via a patent foramen ovale
(PFO) possibly due to venous occlusive disease. In many earlier
studies, FVL has been associated with ischemic stroke in children
(Rosendaal F.R. et al. 1995, Barnes C. et al. 2006), though no
associated with ischemic stroke has been found in the general adult
population (Kim R.J. et al. 2003). Although there have been some
reports of arterial stroke associated with thrombophilia, a large study
failed to confirm any significant association in adults (Ridker P.M. et
al. 1997). However, in a recent meta-analysis, FVL demonstrated a
significant association with ischemic stroke in young adults. Although
studies from Austria, Germany, Israel, and Turkey found FVL as risk
factor for AIS, two studies from UK and our study from Argentina did
not find this association (Zenz W. et al. 1998; Ganesan V. et al. 1998;
AKkar N. etal. 1999; McColl M.D. et al. 1999; Nowak-Go“ttl U. et
al. 1999; Kenet G. et al. 2000). The prevalence of thrombophilia in
different geographic regions of the world may be different because of
genetic racial differences or because the phenotypic expression of the
disease is altered by environmental factors (Lane D.A. et al. 1996).

In our study the prothrombin mutation was not found among any of the
ICH and ISC cases or healthy controls indicating a zero frequency of
this mutation in our population and no role in arterial thrombosis. A
lower prevalence of this mutation has also been reported earlier in
many Asian countries like Thialand, Korea, China, Africa and Japan
(Branson H.E. et al. 1983, Heckmann J.G. et al. 2001, Behjati R. et
al. 2006, Rosendaal F.R. et al. 1995). A variable prevalence has been
reported for this mutation in earlier studies with about 3.1% in Sweden,
1.8% in Germany to 0.5% in Serbia and 2.6% in Turkey (Sanson B.J et
al. 1999; Seligsohn U. et al. 2001; Bauduer F. et al. 2005). Several
studies assessing the role of PT (G20210A) in patients with myocardial
infarction and ischemic stroke in comparison with control group
(Spina V. etal.2000; Burke A.P. et al. 2002; Caplan L.R. et al. 1993;
Sanson B.J. et al. 1999; Seligsohn U. et al. 2001) have found no role
in increasing the risk of arterial thrombosis (Behjati R. et al. 2006;
Rosendaal F.R. et al. 1995; Saadatnia M. et al. 2012). However, in
one case-control study including 20 American female youths, a 25 fold
increased risk of myocardial infarction was observed in the carries of
prothrombin gene mutation (G20210A) who were smokers. No higher
risk was found in those females who were carriers of this mutation but
did not smoke.(Simioni P. et al. 1999). In another case-control study,
5.1% of young women with myocardial infarction were heterozygous
for PT mutation as compared with 1.6% of control population with an
age-adjusted odds-ratio of 4.0. The association was also particularly
high in terms of smoking status (Rosendaal F.R. et al. 1997). Several
studies have suggested that PT mutation cannot be a potential risk
factor by itself but may perhaps increase the risk for stroke only in
terms in terms of hypertension, diabetes mellitus or other stroke related
risk factors (Simioni P. et al. 1999; Mateo J. et al. 1997). In another
study, the prothrombin mutation was found in 5.1% of patients with
coronary heart disease as compared with 1.96% healthy newborns
(Watzke H.H. et al. 1997). On the other hand, three studies did not find
a significantly increased prevalence of the mutation in patients with
cerebrovascular disease (Corral A. et al. 1997; Bentolila S. et al. 1997,
Martinelli I. et al. 19970. In studies from Germany and Turkey found
this mutation as a risk factor for AIS, studies from Austria, Israel, UK
did notfind an association between and AIS in children (Zenz W. etal.
1998; Ganesan V. etal. 1998; Akar N. et al. 1999; McColl M.D. et
al. 1999; Nowak-Go“ttl U. etal. 1999; Kenet G. etal.2000].

Whether PT mutation is associated with stroke remains controversial
considering the different ethnic background and geographical
distribution of this mutation. Despite the known effect of PT mutation
on the incidence of venous thrombosis, the role of this mutation in
arterial thrombotic events is still debatable.

Although the ischemic stroke is associated with the combination of
multiple risk factors, the high prevalence of FVL mutation in ISC
patients as compared to zero frequency in healthy controls in our
population points out the significant role of this mutation in the
development of ISC in our Kashmiri population. Therefore, current
study suggests the routine screening of FVL mutation as a
thrombophilic marker in Kashmiri patients with ISC.
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Table 1: Frequency distribution analysis of selected demographic Group| No | Factor V Leiden |Pvalue| Allele P value|
and risk factors in stroke cases and controls. c.1691 G>A Frequency
Variables| ICH | Controls | p- ISC |Controls| p- genotype
Cases |N=100(%)|value| Cases [N=100(%|value GG | GA | AA G A
N=75(%) N=75(%) ) Control{ 100 | 100 | © 0 200 | 0
Age (in 31 49(49%) | 0.35 |45 (60%)| 49(49%) | 0.16 ISC |75 71 4 0 [003] 146 | 4 [0.03
years) |(41.33%) | 51(51%) 30 (40%)| 51(51%) ICH | 75| 72 3 0 0.07 | 147 3 0.07
< . . .
;2 z s 84646 %) Table 5: The allelic and genotypic frequency of prothrombin gene
D070 mutation in Stroke cases and controls:
Gender 25 44 (44%) | 0.16 |43(57.33 | 44(44%) | 0.09 -

Female |(33.33%) | 56(56%) %) 56(56%) Group | No Pr()(t}hioglbln 220210 Il’ . Allele Il’
Male 50 32 genotype value | Frequency | value
(66.66%) (42.66%) GG | GA | AA G | A

Control| 100 | 100 0 0 200 0
Table 2: Various clinical characteristics of ISC and ISC patients. ISC 75 75 0 0 1 150 0 1
Parameters ICH Cases |ISC cases ICH | 75 75 0 0 1 150 0 1
Age 31 45 REFERENCES
<S55years 44 30 . AdamsH.P., Bendixen B.H., Kappelle L.J., Biller I, Love B.B., Gordon D.L. etal. 1993
>55years Classification of subtype of acute ischaemic stroke: definitions for use in a multicenter
clinical trial. TOAST (Trial of Org 10172 in Acute Stroke Treatment). Stroke. 24, 35-41.
Gender 25 43 2. AkarN., Akar E., Deda G., Sipahi T., Ezer U. 1999 Co-existence of two prothrombotic
Females 50 32 mutations, factor V 1691 G-A and prothrombin gene 20210 G-A, and the risk of cerebral
Mal infarct in pediatric patients. Pediatr Hematol Oncol. 16, 565-566.
ales 3. Barnes C., Deveber G. 2006 Prothrombotic abnormalities in childhood ischaemic
ertension stroke. Thromb Res. 118, 67-74.
Hypertensi b 4 ke. Thromb Res. 118, 6774
: 4. Bauduer F., Lacombe D. 2005 Factor V Leiden, prothrombin 20210A, methylenete
N HyI}Z—)IeITCIltSIVCI 13 21 trahydrofolate reductase 677T, and population genetics. Mol Genet Metab. 86(1-2), 91-
on- fypertensive 9.
Diabet 18 5. Behjati R., Modarressi M.H., Jeddi-Tehrani M., Dokoohaki P., Ghasemi J., Zarnani A.H.
I'a ¢ 'eS et al. 2006 Thrombophilic mutations in Iranian patients with infertility and recurrent
Diabetic 57 spontaneous abortion. Ann Hematol. 85(4),268-71.
Non-diabetic 6. Bentolila 8., Ripoll L., Drouet L., Mazoyer E., Woimant F. 1997 Thrombophilia due to
Smoking 16 ;(8)21]8(1? > A prothrombin polymorphism and cerebral ischemia in the young. Stroke.
Smoker 29 7. Be}tina l-{M., Koeleman B.P., Koster T., Rosendaal F.R., Dirven R.J., de Ronde H., et al.
Non-Smoker 1994 Mutation in blood coagulation factor V associated with resistance to activated
- S . protein C. Nature. 369(6475),64—7.
Dyslipidaemia 34 8. Branson H.E., Katz J., Marble R., Griffin J.H. 1983 Inherited protein C deficiency and
Present 41 coumarin-responsive chronic relapsing purpura fulminans in a newborn infant. Lancet.
2(8360), 1165-8.
Absent 9.  Burke A.P, Farb A., Pestaner J., Malcom G.T., Zieske A., Kutys R., et al. 2002
Vascular Type JE— 55 Traditional risk factors and the incidence of sudden coronary death with and without
Large Vessel 20 coronary thrombosis in blacks. Circulation. 105(4), 419-24.
g 10.  CaplanL.R. 1993 Brain embolism, revisited. Neurology. 43(7), 1281-7.
Small Vessel 11.  Corral A., Gonzalezconejero R., Lozano M.L., Rivera J., Heras L., Vicente V. 1997 The
- venous thrombosis risk factor 20210 a allele of the prothrombin gene is not a major risk
NHISS Gradlng - 15 factor for arterial thrombotic disease. BrJ Haematol. 99, 304.
Mild 36 12. Durai P.J., Padma V., Vijaya P., Sylaja P.N., Murthy J.M. 2007 Stroke and thrombolysis
Moderate 20 in developing countries. Int J Stroke. 2(1), 17-26.
N 4 13.  Ferraresi P., Marchetti G., Legnani C., Cavallary E., Castoldi E., Mascioli F. et al. 1997
Vi e\éere The heterozygous 20210G/A prothrombin genotype is associated with early venous
ery Severe thrombosis in inherited thrombophilias and is not increased in artery disease.
L t fICH 18 Arterioscler Thromb Vasc Biol. 17,2418-2422.
ocationortitn | o - 14.  Ganesan V., McShane M.A., Liesner R., Cookson J., Hann 1., Kirkham F.J. 1998
Lobar 57 Inherited prothrombotic states and ischaemic stroke in childhood. J Neurol Neurosurg
Non-Lobar Psychiatry. 65, 508-511.
15.  Goldstein L.B.,Adams R., Becker K., Furberg C.D., Gorelick P.B., Hademenos G. etal.
ICH Score 14 | - 2001. Primary prevention of ischemic stroke: a statement for healthcare professionals
0 18 from the Stroke Council of the American Heart Association. Circulation. 103 (1),
163-182.
1 28 ; ;
16. Gomez Garcia E.B., van Goor M.P.J., Leebeek F.W.G., Brouwers G.J., Koudstaal P.J.,
2 13 Dippel D.W.J. 2002 Elevated prothrombin is arisk factor for cerebral arterial ischemia in
3 2 young adults. Clinical Neurology and Neurosurgery. 104(4), 285-8.
4 17.  Hagstrom J.N., Walter J., Bluebond-Langner R., Amatniek J.C., Manno C.S., High K.A.
1998 Prevalence of the factor V Leiden mutation in children and neonates with
Table 3: Primer sequences and annealing temperatures of Factor V thromboembolic disease. J Pediatr. 133, 777-781. )
Leid d th bi fe tati Ivsi 18.  Hart R.G., Miller V.T.. 1983 Cerebral infarction in young adults: a practical approach.
elden and prothrombin genes 10r mutation analysis. Stroke. 14, 110-114.

Mutati Pri A linl A Ii 19.  Heckmann J.G., Tomandl B., Erbguth F., Neidhardt B., Zingsem H., Neundorfer B. 2001
utation rimer sequence nnealin ‘lnp icon Cerebral vein thrombosis and prothrombin gene (G20210A) mutation. Clin Neurol
g temp. | size (bp) Neurosurg. 103(3), 191-3.

D) 20. Herrmann F.H., Salazar-Sanchez L., Schroder W., Grimm R., Schus—ter G., Jimenez-
FVL (C)'S GGACTACTTGACAATTAC 560C ISObp Arce G., et al. 2001 Prevalence of molecular risk factors FV Leiden, FVHR2,
G16914 TGTTCTCTTG-3' FI120210G> A and MTHFR 677C> T in different populations and ethnic groups of
(N): 5 Germany, Costa Rica and In—dia. Int ] Hum Genet. 1,33-9.
' 21. Kalafatis M., Rand M.D., Mann K.G. 1994 The mechanism of inactivation of human
GCAGATCCCTGG'ACAGACG_S factor V and human factor Va by activated protein C. J Biol Chem. 269(50), 31869-80.
(M):5'- 22, Kenet G., Sadetzki S., Murad H., Martinowitz U., Rosenberg N., Gitel S., et al. 2000
GCAGATCCCTGGACAGACA-3' Factor V Leiden and antiphospholipid antibodies are significant risk factors for ischemic
stroke in children. Stroke. 31, 1283-1288.
PT (C)S'TCTAGAAACAGTTGCCTG 580C 340bp 23. Kim R.J., Becker R.C. 2003 Association between factor V Leiden, prothrombin
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T 948-57.
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-3 etal. 1996 Inherited thrombophilia: Part 2. Thromb Haemost. 76, 824-834.
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Table 4: The allelic and genotypic frequency of Factor V Leiden

mutation in Stroke cases and controls:z
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