ARTIGO ORIGINAL

VEGF-A HAPLOTYPE IS ASSOCIATED WITH STROKE DISABILI TY

HAPLOTIPO DO VEGF-A ESTA ASSOCIADO COM DISABILIDADE NO AVE

Valeria C. Sandrim PhD. Ndcleo de Pds-Graduagéo e Pesquisa - Santa
Casa de Belo Horizonte, Rua Dominos, Brasil.
Departamento de Farmacologia.

Bryelle Eccard MsSc. Nicleo de P6s-Graduagéo e Pesquisa - Santa
Casa de Belo Horizonte, Brasil.

Paulo Pereira Christo PhD, MD. Nacleo de P6s-Graduagéo e Pesquisa -
Santa Casa de Belo Horizonte, Brasil.

Karla S. Fernandes PhD. Nicleo de Pés-Graduacéo e Pesquisa - Santa
Casa de Belo Horizonte, Brasil.

Corresponding author: fernandeskss@yahoo.com.br

ABSTRACT

Background: Although it is recognized that vascular endotidaljrowth factor (VEGF-A) is involved in stroke
pathophysiology, there are few studies on how VE@RKmorphisms affect susceptibility of stroke arefjcbe

of disability of diseaseMethods: Performing TagMan® genotyping assays, we detexchigenotypes and
haplotypes frequencies of -2578C>A and -634G>C mpolphisms of VEGF promoter region in 100 Brazilian
patients with stroke and 119 contraResults: No significant differences were observed in theritigtions of
alleles and genotypes of two polymorphisms (P>0i@5hoth groups, even when groups were classifigd b
ethnicity (P>0.05). However, combination of polympbisms showed that “A-2578 C-634" haplotype was
significantly more frequent in white healthy sulifed¢han stroke patients (P<0.0125), moreover thmesa
haplotype seems to be related to stroke patiemtsepting higher disability scale (P=0.0071), assifeed by
modified Rankin ScaleConclusions. These findings suggest a dual effect of “A-2578 33*6haplotype to
stroke.
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1 INTRODUCTION

When blood flow is obstructed, the brain loseseitergy supply, causing damage to
tissues leading to stroke. Annually, 15 million pkoworldwide suffer a stroke. Of these, 5
million die and another 5 million are left permatigrdisabled, placing a burden on family
and community?) In Brazil, stroke is the most frequent cause dtdeafter cancer and is
more frequent than heart disease, with incidenc&06f000 deaths per yearRecovery of
brain functions is a difficult and incomplete preseafter a strok&* It appears that
revascularization (angiogenesis) and neuronal regi@urogenesis) occur as a cellular cross-
talk in ischemic are® The vascular endothelial growth factor (VEGF) is angiogenic

growth factor that binds to two high-affinity re¢es, fms-like tyrosine kinase (flt-1) and the
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kinase domain region (KDRJ.” Increased synthesis of VEGF and its receptor was &e
the brain after stroke, increasing its importarcedscular response to cerebral ischéefitta.
The coding region of VEGF gene has 14-kb with 8 nsx@nd 7 introns located on
chromosome 62 The VEGF gene includes two common SNPs polymorphikrated in
promoter region, -634G>C (rs2010963) and -2578Crs899947) that may influence VEGF
expressiodt These VEGF polymorphisms have been related teeréifit cardiovascular
diseases, as preeclamp$fd® atherosclerosi€**® myocardial infarctio!® and also
diabetes retinopatHy” Aims: The effects of -2578C>A and -634G>C polymorphismsisk

of stroke are not totally recognized, thus we itigesed the association of genotypes and
haplotypes of these polymorphisms with stroke. Mueg, we evaluated the association of

these variations with the degree of disability @sred by modified Rankin scale (mRS).
2 MATERIAL & METHODS

2.1 Population Study

Approval for use of human subjects was obtainethftioe Institutional Review Board
at the Santa Casa Hospital of Belo Horizonte, MiGasais, Brazil. A total of 219 subjects
were enrolled in the study. Controls and patienth wtroke were matched for gender, age
and ethnicity. The study group included 100 pasigmesenting stroke evaluated in Center of
Medical Specialties of Santa Casa Hospital of Bétwizonte between November 2009 and
August 2011lschemic strokes were characterized by the sudaeshdf blood circulation to
an area of the brain, resulting in a corresponttisg of neurologic function and CT (X-ray
computed tomography) and MRI (magnetic resonancag@nh was done to confirm the
diagnosis. The modified Rankin Scale (mMRS; 0-6 egcalas used to evaluate functional
outcome after stroke. The mRS indicates degreasabdity of stroke patients (index ranged
from O to 6). Score 2 designates slight disabihityndividuals able to look after own affairs
without assistance, but unable to carry out alVioes activities. Score 3 designates moderate
disability and maximum score 6 indicates dead.

Individuals were recruited from the same demogmpmea and had no clinical
evidence of any cerebrovascular disease. All diniparameters evaluated are similar
between stroke and control groups, including hyesibn, diabetes mellitus and alcoholism
history.
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2.2 Allelic Discrimination

Genomic DNA was isolated from the buffy coat of tténged whole blood using the
QIAamp DNA Blood Mini Kit (Qiagen, Alameda, CA) amding to the manufacturer’s
instructions. Two clinically relevant polymorphisnis the VEGF gene were studied: C-
2578A (rs699947) and G-634C (rs2010963). Genotypae determined using the Tagn®an
Allele Discrimination assay (Applied Biosystems,sky City, CA, USA). These assays use
probes and primers designed by Applied Biosystesssiyaon-demand services (assay ID:
C_8311602_10/-2578; C_8311614_10/-634). Tag®lgmolymerase chain reaction (PCR)
amplification was performed in 10 ul volumes (10drged DNA, 1x TagMan master mix,
900 nM of each primer and 200 nM of each probed8nwell polypropylene reaction Eco
plates and fluorescence from PCR amplification @eected using a Eco RT-PCR system
(Mlumina Inc., CA, USA) and analyzed with its sefire. The PCR assay was carried out
following the manufacturer’s instructions (Appli@&ilosystems) that include: one step of 10
min at 95 C (Ultra Pure AmpliTaq Goldw DNA Polymerase Enzy#hetivation) followed
by 40 cycles of DNA denaturation at 9Z for 15 s and annealing/extension at 60for 1
min. Genotyping success rate was 100% and no disobgenotypes were observed among

samples and duplicate of genotype controls.

2.3 Statistical analysis

Contingency table-based analyses or the unpairedeSst t-test were used for
comparisons of nominal variables. Chi-squax®) est for trend was used to evaluate the
distribution of haplotypes, genotypes and alleleqfiencies between groups. Data were
reported as the mean + S.D or percentage. A priilyabalue P<0.05 was considered the
minimum level of statistical significance. The esting haplotype (EH) software program
(ftp://linkage.rockfeller.edu/ott/eh.htm) was usted estimate the haplotypes frequencies in
each group. In addition, to identify which specifiaplotypes are associated with increased
susceptibility to stroke or associated with Ran®rale, differences in haplotype frequency
were further tested using a contingency table, @adde of Pc < 0.0125 (0.05/number of

haplotypes=4) was considered significant to cori@cthe number of comparisons made.
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3 RESULTS

The clinical characteristics of controls and strpledients are shown in Table 1. The
groups were matched for gender characteristic drukes risk factors, as hypertension,
diabetes mellitus and alcoholism (P>0.05); howeage, smoking and ethnicity parameters
presented significant differences between groubl€l 1). The clinical characteristics of
stroke individuals according to degree of disapilitere also represented in Table 1. All
clinical parameters were similar between less amdenaffected stroke patient®>0.05),

excepting the percentage of hypertensives, smakatsnalesH <0.05).

Table 1 - Demographic characteristics of the stwalyinteers.

Parameter Control Stroke P Stroke P
mRS<2 mR$2

n=119 n=100 n=65 n=35
Gender (Male %) 49.6 56.0 NS 26.1 48.6 <0.05
Ethnicity (White %) 64.7 45.0 <0.05 44.6 48.6 NS
Age (years; mearsp) 54.749  63.9+13  <0.05 456,13 664212 NS
Hypertension (%) 47 44 NS 86 40 <0.05
Diabetes mellitus (%) 22 22 NS 25 14 NS
Smoking (%) 23 38 <0.05 59 100 <0.0001
Alcoholism (%) 12 13 NS 9 20 NS

mRS - modified Ranking Scale. P was evaluated usimgingency table-based analysis to gender, ethnand
risk factors, as hypertension, diabetes mellitmglsng and alcoholism and using unpaired Studeéesttio age.
NS: Non-significant

The frequencies of C-2578A and G-634C genotypesadlatibs in patients with stroke
and controls are displayed in Table 2. The distiou of genotypes for the two
polymorphisms studied here showed no deviation firarmdy—Weinberg Equilibrium (HWE),
even when the groups were classified by ethni¢ty0(05). No significant differences were
observed in genotypes and allele frequencies ®btth polymorphisms between stroke and
controls. The same observation was found when alsn@nd stroke patients were sub-
grouped by ethnicity (P>0.05). We also observedck bf difference between genotypes and
alleles frequencies when stroke patients were ifleddy degree of disability (mRS<2 and
mRS>2; all P>0.05). The estimated haplotype frequenfmeshe control group (all subjects)
and the patients (all subjects) with stroke shownTable 3 were similar (P>0.05).
Furthermore, when controls and stroke groups whkassified by ethnicity, it was observed

that haplotype overall distribution was not sigrafitly different between white controls and
27
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white stroke groups (P=0.05) and non-white conteisus stroke (P>0.05). However, the
haplotype “A-2758 C-634" presented a significarghar frequency in white controls when

compared to white stroke individuals (P=0.0194). dddition, we observed that stroke
patients classified by higher degree of disab{iiffrRS>2) presented a higher frequency of “A-
2758 C-634" haplotype when compared to less aftestdividuals (P=0.002), besides this
two groups show a significant difference regardngrall haplotype distribution (P=0.0152).

Table 2 - Genotypes and alleles frequencies dfvtbepolymorphisms analyzed in stroke patients, as
classified by modified Rankin Scale and controls.

SNP Control Stroke
Al White ~ Non- Al white  NO™  Rs<2 mRS2 P
white white
% % o % % g, % %
2578C>A 1 119)  (n=77) P4 -100)  (n=as) P70 (ogs)  (n=35)
CC 29(34) 30(23) 26(11) 36(36) 35(16) 36(20) 34 (22) 41 (14) NS
CA 51(61) 48(37) 57(24) 53(54) 62(28) 47(26) 55 (36) 50 (18) NS
AA 20(24) 22(17) 17(7) 10@(10)0 3(1) 17 (9) 11 (7) 9(3) NS
Allele n=238 n=154 n=84 n=200 n=90 n=110 n=130 n=70 NS
C 54 (129) 54 (83) 55(46) 62(125) 64 (58) 61 (67)62(80) 66 (46) NS
A 46 (109) 46 (71) 45(38)  38(75) 46(32) 39(43)38(50) 34(24) NS
% % o o % % o o ol %
-634G>C (n=119)  (n=77) 0% (N=42) (n=100)  (n=45) 0% (n=55)  %(n=65) (n=35)
GG 49 (58) 47(36) 51(22) 51(51) 49(22) 53(29)52(34) 48(17) NS
GC 41 (49) 41(31) 43(18) 43(43) 44 (20) 41(23)43(28) 43(15) NS
CC 10 (12) 12 (9) 6 (3) 6 (6) 7(3) 6 (3) 5(@3) HD( NS
Allele n=238 n=154 n=84 n=200 n=90 n=110 n=130 n=70 NS
G 70 (166) 68(105) 73 (61) 72 (144) 71(64) TB)(8 74(96) 68(48) NS
C 30 (72) 32 (49) 27 (23) 28 (56) 29 (26) 27 (30) 26 (34) 32(22) NS

mRS- Modified Ranking Scale. P was evaluated ugisigsts. NS: non-significant.
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Table 3 - Estimated haplotype of VEGF -2578C>A &84 G>C polymorphisms in stroke patients, as
classified by modified Rankin Scale and controls.

Control Stroke
Haplot
Tes. Al Whit Nom- OR Al OR  Whi Non- OR mRS mRS OR
e  white (95%C (95%C te  whit (95%C <2  >2  (95%CI)*®
§ # § §
) ) e )
% % % % % % %
'Zggf T (n=23 (n=15 ( nfé 2 (=200 (n=90 (n=11 (n=13  (n=70
8) 4) ) ) 0) 0) )
CcG 32 28 37 (32) (ggz 37 (74) 0.8 (0.53- 37 38 0.98 (0.55- 36 40 2.1 (1.24-3.7)
(76) (43) 1'. 1) 1.2) (34) (42) 1.7) 47) (28) ' ' '
1.14
39 40 1.1 (0.6- 35 36 0.87 (0.49- 38 30 1.4 (0.75-
cc (93) (62) 3732 1.9) 36(72) ((i';;' (30) (40) 1.5) (49) (21) 2.6)
23 26 2.1(1.0- 1.14 28 22 1.45 (0.76- 26 23
AG (55) (40) 16 4.3) 25 (50) (0.73-1.7)  (26) (24) 2.7) (34) (16) 1.2(0.6-2.4)
0.6 0.13
) 1.1 (0.45- " ) 7 0.05 (0.002-
AC 6(14) 6(9) 10 (8) (ci.'g 2 (8) 27) 0(0) 4(4) (02.9;7 0 (0) (5 0.84)

*P<0.0125 (0.05/4) was considered as significamtifferent compared to white control and **P<0.0125
compared to mRS<2 group. 80dds ratio between walnitenon-white classified groups, # between contints
stroke groups, and §8 between mRS<2 and ¥R ssified groups.

4 DISCUSSION

VEGF is important for initiating angiogenesis arsdsirongly involved in risk and
progression of stroke by multiple processes. Famgxe, experimental models pointed to a
close association between VEGF and ischemic strtikbas been described that in the
ischemic rat brain, VEGF exerts an acute neuroptiote effect, enhancing newborn neurons
survival, and promoting angiogenesis, which couatgriove functional recovery from stroke
[8], and that, intranasal VEGF administration pre@soangiogenesis and behavioral recovery
of cerebral ischemic rat® It has also been described that VEGF may partieigiferently
depending on the phase of stroke, thus early gobemic administration of VEGF increases
blood-brain barrier leakage, hemorrhage and lesioviile VEGF markedly augments
angiogenesis and reduces neurological deficits Wtety administratet®

While these data support the functional role of \FE® stroke, the effect of VEGF
gene polymorphisms to vascular accident and theedegf severity of lesions has not been
totally elucidated. The present study is one offéve that investigated a possible association

between stroke and VEGF genotypes and haplotypes ré3ults pointed to an absence of
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association between stroke and individual VEGF mpalsphisms. Some authors demonstrated
recently that there was no significant differenneallele and genotype distributions of C-
2578A with the risk of acute cerebral infarction emhcompared with controf€ In other
hand, it has been recently described that C-2578A@&634C genotypes contribute to risk of
stroke®” However these investigations were made in Asigufations. Genotype and allele
frequencies of the VEGF polymorphisms may vary agndifferent populations. Indeed, -
2578A allele frequency in white population is highthan in Asian&? The ethnic
denomination of the Brazilian population enrolled this study was not genetically
determined, however some studies has establisla¢dhith auto-denotation as white gender is
predominantly associated to European markers irregion®® In addition, it was described
that the distribution of VEGF polymorphisms preseiterethnic differences in Brazilian
population® In the present study, it was found that despiteonitrol group has a significant
higher number of self-reported white subjects thimoke group, these interethnic differences
are not related to differences in genotype fregigsnaf both polymorphisms. An earlier study
enrolled in the same region, evaluating the impmeaof VEGF polymorphisms to
hypertensive status corroborates our present‘@ata. this study, the authors suggest that
individual VEGF C-2578A and G-634C polymorphismsynmat be related to hypertension.
Nevertheless, the reduced number of individualduew@d in our study may also explain the
absence of VEGF genotype correlation with strok@s Timitation may also have resulted in
age and ethnicity differences observed betweerr@srdand stroke groups.

Our study also used haplotype analysis to invegtigae importance of these genetic
markers to stroke. It was found no correlation agnowerall haplotype distribution between
stroke and controls (P>0.05). However, the “A-2578%34” haplotype may present a dual
effect in stroke, since it seems to be protectyarast stroke in white individuals (P<0.0125),
and may be also related to a deleterious effeet aftoke occurrence. In fact, the distribution
of this haplotype according to severity of strokaswsignificant (P=0.0071). As earlier
mentioned, the VEGF might present different biotadjieffects depending on the stage of
stroke.

Other authors have demonstrated in our regiontlieatombination of C-2578A, G-
1154A and G-634C polymorphisms in haplotypes dateth an association with
hypertensive statd®® In this work, the ‘C-A-G’ haplotype was protectivagainst
hypertension in white subjects, and the ‘C-A-C’ lotype was related to hypertensién.

Furthermore, it has been described that VEGF hgpéstalso contribute to stroke. The “C-A-
30
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C” haplotype of C-2578A, G-1154A and C936T polyntogms, respectively, reduces the
risk of acute cerebral infarctidff) Other study described that among other haplotgpéise
same individual polymorphisms, the “C-A-C” haplogypvas also protector to risk of
stroke®” The differences among studies may be explainatiéyower frequency of -2578A
allele in Asian population, which turns difficulie detection of some haplotypes. Thus, it is
clear that haplotypes are involved in susceptibiiit cardiovascular disease, particularly to
stroke. Some studies concerning the functional @doMEGF polymorphisms t vivo VEGF
production were performed. The G-634C polymorphigras shown to affect VEGF
expression at the post-transcriptional |€¢&t” Therefore, the -634G allele reduces the
translation of a bioactive and secreted VEGF isofoin vivo Lambrechts et af® The
haplotypes “—2578A —1154A —634G” and “—2578A —1154634G” have been described as
risk factors to a neurodegenerative disorder (aropbic lateral sclerosis, ALS), indeed the
combination of at-risk alleles —2578A and —634@@notypes may be related to a reduced
VEGF expressionn vitro and to a lower VEGF plasma levels in ALS patié"rﬁsOur data
showed that -2578A -634C haplotype is related ¢ohtigh severity of stroke. However, it was
not evaluated the contribution of genotypes anddtgpes of these polymorphisms to the
VEGF plasma production in stroke individuals, thiusemains uncertain how functional A-
2578C and C-634G polymorphisms regulate leveldadma VEGF in our population.

We concluded that genotypes of individual VEGF padyphisms may not be
determinant to stroke episodes. In other hand, BA&C-634" haplotype has a dual effect in
stroke. This haplotype is more frequent in healttdjpviduals than stroke patients, suggesting
a protective effect to stroke. However, it seembdaelated to a severe status of disease after
stroke occurrence, suggesting a deleterious radé&o&e outcome.
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