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Abstract

Backgrounds : Stroke is characterized by loss of brain functions due to a disturbance in the blood
vessels supplying blood to the brain, and classified into hemorrhage and ischemia. Stroke is known to be
affected by genetic factors and other diseases such as hypertension and cardiovascular diseases. However,
the distinctive association between stroke and genetic variations has not discovered yet.

Objectives : This study investigated the effects of fibrinogen level and genetic variations in FGA
(Fibrinogen alpha chain) gene on stroke in Korean stroke patients and controls.

Methods : DNA samples from 674 stroke patients diagnosed by Oriental medical hospitals and 267
controls were used in this study. Two common single nucleotide polymorphism(SNP) with high minor
allele frequency(MAF), rs2070011G/A of promoter region and nonsynonymous rs6050A/G of exon 5 in
FGA gene, were targeted for Tagman genotyping. Because the TOAST classification is important to the
factors and symptoms of stroke, ischemic patients were further classified into five subtypes using
diagnosis and clinical data. One-way ANOVA and chi—square test were used for clinical data and genetic
association, respectively. Haploview v4.1 program was used for linkage disequilibrium(LD), haplotype and
haplotype block analysis.

Results : The levels of red blood cells and fibrinogen from clinical data were shown to be significant
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factors for the sub-groups of TOAST classification. No significant associations of stroke, hemorrhage,
ischemic and subtypes of TOAST with rs2070011 and rs6050 of FGA gene were found(P > 0.05).
However, rs2070011 in promoter region and nonsynonymous rs6050 in exon 5 which produce the amino
acid change from threonine to alanine showed a haplotype block and three haplotypes of A-G, G-A,
A-A, suggesting that rs2070011 and rs6050 might be co—segregated in generic recombination. Although
A-A haplotype of stroke patients showed 64-69% low frequency compared to controls, there was no
significant association between stroke and haplotype(P > 0.05).

Conclusion : This study showed that there was no significant association between stroke and two SNP
of rs2070011G/A and nonsynonymous rs6050A/G in FGA gene. However, these two SNP compose a
haplotype block and three haplotypes of A-G, G-A, A-A. This finding suggests that rs2070011 and
rs6050 are so close as to be positioned as linkage disequilibrium. Nevertheless, no significant association

between haplotypes and stroke was found.

Key words : Stroke, Fibrinogen, FGA, TOAST, Single nucleotide polymorphism(SNP), Haplotype,

Linkage disequilibrium(LD)
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kol A fibrinogen] =7} 7FE w

of H&l M =& 79 ﬂz}*‘)]
2~3) B2 Zo®E Uehyth
fibrinogen®] FA|7} =S5%

H MHFFo] WHE 7lsAdol

s
& B4

A A A 4‘%’1_«] 4g32.1°1 1xg FGA Trx41}4
42 24 B9(rs207001D) 2} exon 50l 9113
(rs6050) 2709141 minor allele®! rs2070011G/A
o] A9} rs6060A/GE] G ®Wol7} Ve Hlmi=
Z+7} 0.461(46.1%), 0.483 (483%) 2 o} &3]
kA sl= SNPo|th(Fig. 1).
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Fig. 1. FGA Geneotype and Targeted SNP

Table 1. Information of Targeted SNP

rs# Genotype Exon 914 ofm =ik W3} MAF H] 3L
rs2070011 G/A Promoter(5'UTR) 0.461 MAF("A” W=
rs6050 A/G Exon 5 Thr/Ala 0.483 MAF("G"” ¥1&x)
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. o172Zz=t

1. =&E 2Rt 72

Ol

A 9 gl S HH, HEE 4
6747 =, HAF 37197(56.2%), oA} 2057 (43.8%)
M»—UJ] HAH-S 66A1(x22.6M) A 18

< A A B E A 25 E AR
TOAST EHFatAtH® TOAST B5Fol <3,
A7 E ™A A (Cardioembolism, CE), 2%
=73l (Large artery atherosclerosis, LAA),
2o 4 (Small vessel occlusion, SVO),
71E}ICl (Stroke of other determined etiology,
SOE), ¥¢lEH (Stroke of undetermined etiology,
SUE)°o.2 F#¥tHTable 2).

2. mEz|Ael B4

haplotype %410l o] o]-¢¥]3 Itk TOAST s HZFE TOAST 25F 2 AaQlefA]
7ol 93k 71EFIQI(SOE) % Y21E"H(SUE) o] IEile] FA& Ao, HEY
& MBS} Aol EARA A AL 9 QARle] oje] e Amw AEe] £
Table 2. Constitution of Patients and Samples
T ek g4 ¥ 59 TOAST ¥+ AET()
= FE 674(71.6%)
=8 W53 109(16.2%)
gy Hee 565(83.8%)
Cardioembolism(CE) 33(5.8%)
Large artery atherosclerosis(LAA) 123(21.8%)
Small vessel occlusion(SVO) 395(69.9%)
Stroke of other determined etiology(SOE) 7(1.2%)
Stoke of undetermined etiology(SUE) 7(1.2%)
A4 267(28.4%)
Al 941(100%) 674(100%) 565(100%6)
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Table 3. Association of Fibrinogen in TOAST classification

P E)

T CE LAA SVO SOE SUE F p-value
WBC 7523 8125 7929 6727 6332 1255 0287
RBC 4305 44205 44205 46403 4702 2659  0.032
Hg 133417 134#17  137+#16  132+¢14  137+14 1164 0.3%
Platelet 292:765  2103t946 2486475 I5TALTA2 2286450 2166 0.072
Fibrinogen 338341260 361441087 308+035 2784494  346:803 4185  0.003
GOT 264473 272+130 258171 227+73  267+60 0248 0911
GPT 217+111  245+185 237218  229+138  30+780 0281  0.89
Total cholesterol 179.4+404  1792+470 1852¢384 1783+46  1823%235 0594 0667

* 1 One-way ANOVA
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Fig. 2. Result of Genotyping in rs2070011G/A and rs6050A/G

Table 4. Analysis of relation between Stroke and othes

HEEO=64vs A} N=267) EDA=109vsBAHN=267) S EA(n=D0)vsBAHN=267)  EEAn=109)vs3] EX(n=56D)
SNP MAF b MAF b MAF b MAF P
HFEF AN =34 AN g A4y =34 34

rs2070011(G/A) 0477 0456 0670 0491 0456 038 0474 0456 0491 0491 0474 0652
rs6050(A/G) 0501 0491 0417 0509 0491 0644 0500 0491 0720 0509 0.500 0.804

CE, LAA, SVO A&7re] vluoXx AfAd 1 Z2aHS o]g3sle] LD ¥ haplotypes

R

o] LFERFA SEATHTable 5B, P> 0.06). Mg A 20700113 rs6050S fAEE
Aol A haplotype blocks ¥Asle] & o

5. LD % haplotype 24Z 1} A= FdE 7FsAol =& Zo=E yehyrh

(Fig 3). 7t Hozhe] Hlalo| A H|s=gh Ao
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Table 5. Result of relation in TOAST classification

A. CE, LAA, SVO$} ZArel13te] ulu

CE(n=33)vsA(n=267)

LAA(n=123)vs A H(n=267)

SVO(n=3%)vsg (n=267)

SNP MAF p

MAF MAF

P P

CE A LAA

A Vo A%

rs2070011(G/A)  0.439 0.456 0.799 0.458
rs6050(A/G) 0.485 0.491 0.930 0.492

0.456 0.951 0.489 0.456 0.247
0.491 0.976 0.511 0.491 0.458

B. CE, LAA, SVO A&7t vl

LAA(N=123)vsCE(n=33)

SVO(n=395)vsCE(n=33)

LAA(Nm=123)vsSVO(n=395)

SNP MAF p

MAF MAF

P P

LAA CE SVO

CE LAA SVO

rs2070011(G/A) 0458 0.439 0.784 0.489
rs6050(A/G) 0.492 0.485 0.921 0.511

0.439 0.443 0.458 0.489 0412
0.485 0.678 0.492 0.511 0.592

=k thA]l =8l rs20700112] G/A2) rs6050
o] A/GOll 9l&ll 370¢] haplotype! A-G, G-A,
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Fig 3. LD relation and haplotype block formation
between rs2070011 and rs6050
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Table 6. Association of haplotype in Stroke

ik WY Eelvielr} 3%

& PRl 9F

HEEn=674)vs A Hn=267)

284 (n=109)vs 3" Hn=267)

18X (n=H60)vs A Hn=267)

GA(n=100)vs3 A (n=

Haplotype

Frequency P _ P_‘requency P Freguency P ] I*jrequen?y P
Stroke A% =34 AN T B =34 984
A-G 0498 0509 0649 048 0509 0565 0500 0509 0720 048 0500 0.709
G-A 0478 0454 0367 048 0454 0427 0475 0454 0434 0491 0475 0.672
A-A 0.025 0036 0176 0023 0036 0351 0.025 0.036 0204 0023 0025 0.873

Table 7. Association of TOAST classification

ACE, LAA, SVOS} A4kelw}e) wan

CE(n=33)vsA’¢(n=267)

LAA(n=123)vs A Hn=267)

SVO(n=395)vs 4 J(n=267)

Haplotype Frequency P Frequency p Frequency p
CE s LAA ot s SVO 48

A-G 0.515 0.509 0.930 0.508 0.509 0.976 0.489 0.509 0.458

G-A 0.439 0.44 0.819 0.462 0.454 0.838 0.489 0.454 0.223

A-A 0.045 0.036 0.711 0.030 0.036 0.632 0.023 0.036 0.152

B.CE, LAA, SVO A 2%t vl

LAA(N=123)vsCE(n=33)

SVO(n=395)vsCE(n=33)

LAA(n=123)vsSVO(n=395)

Haplotype Frequency P

Frequency

Frequency

LAA _ CE SVO _ CE r taA svo D
AG 0508 0515 0921 0489 0515 0678 0508 0489 0592
G-A 0462 0439 0741 0489 0439 0443 0462 0489 0476
A-A 0029 0045 0519 0023 0045 0255 0029 0023 0567
B B vhE 499 fibrinogen beta A% "olx &= E3la, haplotype
chain & SRS WIS LS o Hocks GASHe BE VAR FUAT Y
£ faEdAe FA4 Welh weld & 2 melFAth o|Ae 7 Welst BRH §
NS Aot EA4, HF5F A 674 =2 = ﬂ?} AujdS dod)i= Aol ol F 9]
FA/884, TOAST = @ AGAkel 2679 Hol7l frHo=zE= A= 7PgA HAsa
T7F BAA AZAAS Yepdrlde 5 A= AR ETP ATRTA IAER FHA
AL T ) a8y ZF oA el MAF Aujdo] dojup= ZAS onith FGA &4

7F 7] wlszetr] wiel

oj¢} 7L JlsAlL

2] rs2070011G/A%} rs6050A/Gell 13l A-G,

3
7o gl& Aor F5HTh

LD % haplotypee] ¥4 A3}, rs2070011
I} rs60502 H] = FGA #34#Fe] 4599
exon bWl Z+ZF ¢x|ske] 4300 base pairs

G-A, A-A9] 3709] haplotypeo] @4¥ o™
Yol ]3| H—?%— %2 TOAST Al5-F et
Al CFzRe] RImEAlOlZF YERgoy, BE Ao
el A o] AdAde JERA] sl AA T
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of w=m, 44 AFuks(sinus rhythm)oﬂ/ﬂ

+ Thr312Ala®] F3AE we HFF
AVgEC Aol7t gl WbE, NHWlE(amal
fibrillation)& 7%l &2} 7 Ala312 ®o]

7F SeEs HEEs APEC] E=aol yE
wekFig 3.7 olgldt A= B A7dnel
haplotype A-A°] HIZ=7} lc] = g2}l A
S Yehs A3 vlsgk A

A, BAl Ha rs60502]
Ala3127} HEFo) "HH oz

1w
By G Fohw F5 5 ek

i ¥ U HE W

1?4

morphismel|

WA =A=

9N},

FGA #Ae] Thr312Ala poly-
w2} Fole]l clot  structure
fibrin®] -zl W37} A7)=El(Fg 4),7 ol
3 7lsA s AHH e HTE
F7HARl A7t Hag Ao B

A7 MLl 7HAH 5ol

AT A
rlo_-ﬂ!‘f

Percent survivors

<" Sinus thythm

Ay

s

AA

Thr312Ala genotype

Atrial
fibrillation

A0 TT (Thr, Thr), TA (Thr, Ala), AA (Ala, Ala)

Fig 3. Association of Thr312Ala mutant in rs6050 and Death rate of Stroke

10 pm

Fig 4. Structure of fibrin Thr312Ala mutant
A; Ala312 Mutant type, B; Thr312 Normal type

120



FE 9l 271 : VB =AY 23] B T8 ot M Ao} HEF viAe

S whglEsh
FAAY 2

o 1w

M
R
i)
rlo
&
A
i
2
ok
H
ot R
fol
o

Sl

o] zfol= AWgbAle] Arkgdk JFS H|A|A|
Aol A rs2070011G/A<}
rs6050A/G Z+z+e] wWo] 2 haplotypes $H=r
 HFFH Aol Al dEREAIRE A
1 FApel A T A FR e} HEFTH ¥
AZF Bad v 2 Ao glow
F 709 SNP % haplotypee] H3+ t}&
oA el Aol =A== mA| el

B AT Avlo M= FGA 42l 4 MAFS]
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S
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&

T
E, oL
b
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o o
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R

R )

e BAF 6748 Y 267HS g
2 vEgee] £ 9 gBewel duk f3
ZHFGA)ollA o] 24 F-elell f1=]gk rs2070011
9} exonoll §A13F 16050 Wol7} HFFo| m
A= GFs A EaA} stk TOAST 73t
Aol Hd4 2 vRg Ao F2o3 2}
ol HAFA=U(P<0.05), oA 53] 3d
A 3Ake] TOAST EFrolA #7314 wolgt
o] AxAdo]l yehdthd F83 IAE AA
g g s ZeZ diskd e, rs2070011 2
rs60500 A1 9] f-x) WHolete] AvkA] A4
I ol st AAIZE ERA] ekth(p>0.05).
HFEy Aol nlaeldE £ o] SNPet
o Axido]l vpehx] gkttt s1dAl $kx}o
TOAST R AtolelAo] ARG 4
i A7, SVO #xke] -9 rs20700117F rs6050

Table 8. MAF of rs2070011 and rs6050 in Race

rs# Genotype MAF 1A
rs207011 G/A 0.461
European Chinese Japanese African 32
0.397 0.600 0.500 0.178 0.472
rs6050 A/G 0.483
European Chinese Japanese African =<l
0.258 0.567 0.455 0.458 0.499
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