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Background and Objective: Thrombomodulin (TM) is

an endothelial cell-expressed glycoprotein which is an
essential cofactor that impacts on a process of haemostatic
balance, negative mitogenic effect on proliferating cell
and anti-inflammation. A decreased expression of TM on
the endothelial cell surface and an increase in its soluble
forms in plasma may therefore contribute to atherosclerosis
leading to coronary artery disease (CAD). Meta-

analysis on the association between thrombomodulin gene
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A5n1sdnwn: (Jwn1s@EnwILLL case-control study
Taganwluwarmaiasidainmsdninodulsanasaion
wala wazdrsunisaalasnsiasvasadaanilaiie
Uszliunsfduaesnasalion ﬁquﬁﬁ'ﬂaﬁ%ﬁﬁr AMAAZIN
panilednile YWANLNALVIULAK F1UI 327 318 N
Namsﬁ@ﬁ%aamﬁa@ﬁ'ﬂavleﬁmdmmaﬁ'ﬂslﬂumjmﬁ
Julsaraaatdaaniladiuin 197 e LLazmi'wmuquéf}a
VL@TLm';E"?'i"La\iﬁmﬁﬁumawaamﬁa@ﬁ'ﬂmé’nmnndﬁaﬂaz
50 $1wan 130 Mo Yaziliuanuuuszaslindiodiuin
\§uaINAALEEATIAL WazAN Gensini score U&IATIR
wlnanasATu TM -33GA @auinaila polymerase chain
reaction-restriction fragment-length polymorphism
(PCR-RFLP)

nan1sanE: wuanuasluing Ge+GA lugihelin
waaaliaamlausznduaiugu (Sauaz 8.1 uaz 8.5) inw
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polymorphism and CAD has revealed the association of
TM -33GA polymorphism in Asian populations. However,
this relationship has not been done in Thai patients.
This study therefore aimed to investigate the relationship
between TM -33 GA polymorphism and CAD as well as
CAD risk factors and severity of the disease.

Methods: A total of 327 case-control study was carried
out in subjects who were clinically suspected of having
CAD and were undergoing coronary angiography at Queen
Sirikit Heart Center of the Northeast Hospital, Khon Kaen
University. Based on angiographic results, 197 subjects
were classified as CAD and 130 subjects with normal
coronary artery or less than 50% stenosis were control
group. The number of stenosis vessels and Gensini scoring
system were used to evaluate coronary artery stenosis
severity. TM -33GA gene polymorphism was determined
using polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) technique.

Results: The frequency of TM -33 GA+GA genotype
between CAD and control group (8.1 vs 8.5%) was not
significantly different (p=0.885). Moreover, the significant
differences of the genotype distribution were not found
when compared between the subjects with and without
CAD risk factors including hypertension, dyslipidemia,
diabetes mellitus, obesity and smoking. In addition,
significant differences when compared between the
patients with different number of disease vessel and
Gensini score were not found.

Conclusions: The results of this study may suggest that
there is no association between TM -33 GA polymorphism
with CAD, CAD risk factors and the severity of the disease
in Thai.
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nyaululugaun (thrombomodulin; TM) tiluldsdu
ﬁﬂaagjﬁﬁmmmu (membrane) vadLTastanlafilaay
U (gene) ﬁmuqummamaaﬂm aslisfnaguulaslulay
LLmuiwagug]’ﬁ 20 FwifiRgRuMITuNsLTaivas
1380 (anticoagulant) §humIganLauLaaa (antifibrinolysis)
FUINTULe 0L TRR LRI TENIEY FevinliAe
ANuaNgaluIzUUMIRIAGEA (hemostasis) uazilaanu
mnﬁ@ma:v\aamﬁaﬂq@é’umﬂﬁmﬁa@ (thrombosis)°®
IwanasATy (polymorphism) 18431 TM Tfha -33GA
(TM -33GA) Li:;lumwﬁﬂﬂnamaﬁugﬂsmﬁLﬁ@%uﬁmu
2a9luslanaas (promoter) luduvas ™™ vinlwdinsasns
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ASUNA (acute coronary syndrome) %GVLG(TLLﬂ' unstable
angina W82 myocardial infarction (Ml) %d;&'ﬂ’)m‘ﬂ/ﬁ'u
m‘smm%’nmﬁquﬁﬁ'ﬂaﬁ%ﬁé MANzInaaNA8ILRke
URIINPINYVOBUAY ITWIW 327 318 qjﬂm"?imj”ﬁm
lawmadpezldtunanaifadsannuwndgdumnyms
Tsavnla BugunsItadumuNanIIATIAINLAEANT
aTaRLAElasnIvin coronary angiography (CAG) “f?dﬁ
asliilulsnawinle Tsaslans Tsadu Tsala Tsanzss
WIaNMIZENIELEUY F99INWANINTIA CAG uiisgtheaan
u 2 ngudas leun

mi&l non-significant CAD %138 non-CAD $1%42%
130 18 ﬁamg}'uﬁﬁ%@ma:miﬁumawaamﬁaﬂﬁ'ﬂwé'ﬂ
(left main coronary artery; LMCA, left anterior descending
artery; LAD, left circumflex artery; LCX W8 right coronary
artery; RCA) #haainindasas 50

naa CAD 91w 197 318 ﬁamﬁuﬁﬁ%’am:mi
fuvainsaaidaamalananadetoaniaduunninwie
Winnuiaeas 50

inasilumssunnindvie lifidesaaasdans
\fin CAD fieait

lsnanaaulakags (hypertension) fia AW
anlafaumzialaduen (systolic blood pressure) 11NN
WIDWNNL140 TadiuasUsen wiaanuaulafavaziala
ARNEA2 (diastolic blood pressure) NNNNITNIBLYINNL
90 AadNaTdsan waz/ wialasusnaaanuaulaia™

N1 (obesity) Aaldaviinianiy (body
mass index; BMI) 41nn31 25 kg/m* "’

nzlusinluwidonialnd (dyslipidemia) o
§32QU total cholesterol (TC) NNNNINHIALNANL 240
mg/dL, triglyceride (TG) #nNN31W3aL¥iNAL 200 mg/dL, low
density lipoprotein-cholesterol (LDL-C) 170137 160 mg/dL
%30 high density lipoprotein-cholesterol (HDL-C) #aan31
40 mg/dL wazmIe lasusnanszay luainluifan™

Tsatuu2w (diabetes mellitus) fia #5zay
ihenaludenumeanems (fasting blood sugar; FBS)
INNNIWIBYINAL126 mg/dL wIalLsz3@ lesuensnuilia
(KTl el T
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AUTULIIVBS CAD NANTBNINTIUIULE Y
yoanaantianalananiauuinninfesas 50 wazanen
Gensini score IRIWITIINNTBBAZMIALVEIVRDALRDR
LA=FUA AN TRAWD 1199191NAN Gensini score
Pl wisrzauauIuLIain 3 auand1ves Gensini
score Mnaslng (tertile) 1 1 (Woanin 1.0) maslnad 2
(1.0 - 31.9) uaznasngs 3 @nnimsawiny 32.0)

M3anE R laSUNI3 U89 HASHBITUA TN
FauluuygsinnamenIumM BTN idsluigsd
WRIANENSBVaBLAY LauTi HE510414 lasarmadaInn
elasumsfuaaisanuneazdoavaslasenmyiseen
anzdidouazaswnluluduseandrialesinidedas
ANUFNATL

< = v 1 A
2. MIDINVUATINIYNANIDYLADA

LRZLNULREAINNRADALREAFIVBIDNRIRN AT
A A ' o < a Ao

IMITUAZLATRIANNBENINDY 12 TIla9 LaSuNTTNAN
A A A o A = A o o ¥
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LA3NALAKENANANNLAIREAUIT BTN LN
é’mﬁﬁlgﬂ Flexi gene DNA kit (QIAGEN, Germany)

3. msasomaluInilveslwaneswldy T™M -33GA

a729m3luInuaslwduesWTu T™M -33GA s
1 polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) las@auiasannismsanin
289 Zhao uazam:® lasiidauiiaaflelnduas forward
RS reverse primers fla 5-GGC CAG GGC TCG AGT
TTA TAA AGG C-3' ez 5-CGG GGA CAG TCG TCT
GTT ACA G-3' (Pacific Science. Thailand) ANURIAL
sauwuanlwl§isen PCR §1501035390 25 L Usznavdae
forward W&z reverse primers ANULTUT® 1 uM, dNTPs
0.2 mM, 1X PCR buffer,1.5 mM MgCIz, Taq DNA polymerase
(Invitrogen, Brazil) 0.6 ¢#@ LRZAI8E19aLEwE 100 ng
#1 PCR lagltia3as thermal cycler (PTC-100; MJ
Research, Inc., USA Laz G-storm, Gene Technology,
UK) Usznaudipduaane 9 Gafae initial denaturation
#i 94 °c w81 5 wft uaz PCR 32 38U lawd
denaturation 71 94 °C 40 317l annealing 71 57 °C 30 5wl
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Wz extension 7} 72 °C 40 w17l uas final extension T
mauq@ﬁwﬁ 72 °C uszpziom 8 widl lagluudazass
2a9n13%11 PCR 2:¥i1 no template control Tagmstduin
unudidualuiunandmiul §A5en POR waanafildan
PCR {241a 260 bp ATIIFALALID gel electrophoresis
Tagld agarose gel (ISCBioExpress, USA) fiflanuidiudn
Sagnz 2.0 G9SsIuNaNVDY ethidium bromide (Promega,
USA) anutudu 0.4 pg/mL Musaedowlninasiin
100 mV 1w 40 Wil uazaasauNailaain UV
transilluminator (Dolphin-DOC; Wealtec, USA) mnﬁ?uﬁﬁvl,ﬂ
Haumulanlmiaadlwie Stul (Fermentas Life Sciences,
Germany) 2 8@ ﬁqmgﬁ 37°C wnan 3 7alus udra579
FaUTWIATUEINTaALEue A I NI asda83T gel
electrophoresis ﬁflﬂ’nm“ﬁu"ﬂ'mlad agarose gel Y988z 3.0
Dwaan 1 52 las 30 widt towlas Stul flyadadunzie 5
AGG*CCT 3' $3858a G Andanaildan PCR

GT}&VL;iﬁéwé’uﬁmﬁia%ﬁﬁﬂug@ﬁmmLauvl,ﬁnﬂ
Stul azldgndesedipiawlol stul ldiiamanuuny
fiiwafifliwia 260 bp luumeiisass A Jdauiaeile
vLY]ﬁﬁLﬂWg@éf@‘ﬂmLauvLsﬁﬁ Stul FliaTanwuuoudiiwad
fluwna 233 uaz 27 bp udtflasanuoudiEuevwa 27 bp
laivsngun agarose gel sarmsauenilulnidne 9 san
NNNBLARNTNNNUAVADWBVUIA 260 LAz 233 bp
fa 3lulnid GG wudLduavwa 260 bp lulnid GA wu
ALAULEUMA 260 uaz 233 bp Lazdlulnid AA wudLduLe
21 233 bp (317 1)

Lane M 1 2 3 4 5 6 7 8 9

150 bp
100 bp

RN [

50 bp

U7t 1 3TwlndvasInduasidu TM -33GA flasrass
inafla PCR-RFLP lasdandaianlssd Stul2 gfie/ Ujism

lane M = 50 bp ladder, lane 1 = undigested PCR product,

lane 2 = no template control, lane 3, 5 = GA genotype,

lane 4, 6, 7, 9 = GG genotype LAz lane 8 = AA genotype
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Aanzitayanadalasldldsuunsuduiagy
SPSS version 17.0 lagnagaunInIznumvedniLlsee
dlasiiuuuulngwield daoadd Kolmogorov-Smirnof
test ﬂicﬁﬁ"l,ajLﬂumiﬂizﬁnﬂﬁ'sLmuﬂﬂaﬁlmﬂm%gam
atluzl log10 dwrfimessiaaiudiaaiiofinig
ﬂszmm“f’sLmuﬂﬂaﬁ'}mualugmmumLa?iy + andos
LWUNIAIII% (mean £ SD) nydn lidunisnszanssa
ﬂﬂ?\ﬁnLaualugﬂLLuumm’é‘miﬂmmﬁ@ + gnfosun
41A391% (geometric mean + SD) NARIUANNUANGIVD
Alasdesia student ttest fmIumniiaefiBangu
ﬁnLaualugﬂuum‘hmmmz‘ﬁaﬂaz NARDLANNUANGIG L
Chi-square test lagfnaiiadng ﬁizﬁuﬁﬁﬁﬁﬁ@ﬁ p <0.05

@399 1 doyaiugruvesonmmias

Parameters CAD (n =197)
Age (years)’ 62.0 + 8.8
Gender:
Male, n (%) 137 (69.5)
Female, n (%) 60 (30.5)
Hypertension, n (%) 167 (84.8)
Obesity, n (%) 89 (45.4)
Dyslipidemia, n (%) 190 (96.4)
DM, n (%) 74 (37.8)
Smoking, n (%) 76 (38.6)
SBP (mmHg)" 1315+ 17.8
DBP (mmHg)° 742 £11.0
BMI (kg/m®)° 25.0+3.3
TC (mg/dL) 179.9 + 51.3
TG (mg/dL)°® 170.8 +115.8
LDL-C (mg/dL)" 102.8 £ 40.8
HDL-C (mg/dL)" 37.4 +10.0
FBS (mg/dL)° 111.0 £ 53.6
Gensini score® 30.2 £ 32.2

NANIANH

Namim’%ﬂuLﬁﬂuﬁagaﬁugﬁmzmnmjw CAD
WAz non-CAD wuhangianuuandsatnilafiioiany
et daduvasnarolungy CAD wnndnga
non-CAD atIInufATYNIIENE §a&IUI0IN1IZAMNAL
Tafiags oz luulwRaafioUnd wivu wsemsguums
29119 2 ngy danuuandwnwedeliudmayniaia
aanusulafalurazialadudves 2 nguiinnuuan
dnauaaliimaymosia luwnzfidanudulafialu
Youzia laaagarlanuuandrsnuains lifivadagni
#fiA §m3U TG, LDL-C, HDL-C uaz FBS 18119 2 UbEY
Januuanaanue R AN Iana (@397 1)

Non-CAD (n = 130) p-value®
60.6 + 8.8 0.180
54 (41.5) < 0.001
76 (58.5)

88 (67.7) < 0.001
57 (43.8) 0.781
111 (85.4) < 0.001
29 (22.7) 0.004
28 (21.5) 0.001
127.1 £ 18.8 0.032
729+ 9.6 0.279
25.0+ 3.6 0.832
1715+ 421 0.182
136.7 £ 76.7 < 0.001
89.9 + 371 0.004
46.7 £+ 22.0 < 0.001
100.3 £ 39.4 0.004
0012 < 0.001

DM: diabetes mellitus, SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index, TC: total

cholesterol, TG: triglyceride, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol,

FBS: fasting blood sugar, CAD: coronary artery disease
1138078132379 CAD Uaz non-CAD
® mean * SD

‘. geometric mean + SD
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PNANANNIATINANDIATN TM -33GA luaan
FTATIRNA 327 318 WUIININTZANLGIVEIANA
Alulndiduldaungauqa Hardy-Weinberg (p > 0.05)
WaSsuifsuanudslwlndvesenaaiasmns 2 nau
wufanuuandnuadslifinsdaynmesda (@99
7 2) el zvaaginsasudssdlulndveslnaue ity
lummaﬁ'ﬂnma:ﬂaﬁmﬁaLﬂ%ﬂmﬁUmmhagﬁﬁua:vﬁiﬁ

1123uLF8969N13LA0 CAD T9lawn mmé’uiaﬁmga Tousin
luRaaRaUn@ lwInIw 87 LLa:miguqﬁ WUITANY
uand1snuagy lidinpdayneaiia (@19199 3) NIy
oA = a . va Ao A Aa
wuhlaeuingunivgniiwmuiasaiaanaudnd
N %383 Gensini score NLANGAIINY NUANMNLANGIING

aes lfinpsagnesdia (@139 4 uaz 5)

A13191 2 ANl iniluszoadavadlnduasiGy TM -33GA

Genotype frequencies

Allele frequencies

Group GG GA+AA

n (%) n (%)
CAD (n =197) 181 (91.9) 16 (8.1)
Non-CAD (n = 130) 119 (91.5) 11 (8.5)

G allele A allele
p-value 2n (%) 2n (%) p-value
0.913 377 (95.7) 17 (4.3) 0.855
248 (95.4) 12 (4.6)

CAD: coronary artery disease

“1Spufsuszning CAD nU non-CAD lauadid Chi-square

A135191 3 anudIlulnivaslndnesidy TM -33GA lummaﬁ'ﬂuwiazmjuﬁﬁLLazvl,sjﬁﬁa%'m%m@iamnﬁ@ CAD

Genotype frequencies, n (%)

CAD Non-CAD

CAD risk factors

GA+ GA+

GG p-value GG p-value

AA AA
Hypertension 154 (92.2) 13 (7.8) 0.683 82 (93.2) 6 (6.8) 0.330
Non-hypertension 27 (90.0) 3 (10.0) 37 (88.1) 5(11.9)
Dyslipidemia 175 (92.1) 15 (7.9) 0.543 102 (91.9) 9 (8.1) 0.726
Normolipidemia 6 (85.7) 1(14.3) 17 (89.5) 2 (10.5)
DM 68 (91.9) 6 (8.1) 0.852 27 (93.1) 2 (6.9) 0.711
Non-DM 113 (92.6) 9 (7.4) 90 (90.9) 9 (9.1)
Smoking 71 (93.4) 5 (6.6) 0.530 26 (92.9) 2(7.1) 0.777
Non-smoking 110 (90.9) 11 (9.1) 93 (91.2) 9 (8.8)
Obesity 82 (92.1) 7 (7.9) 0.884 50 (87.7) 7 (12.3) 0.167
Non-obesity 98 (91.6) 9 (8.4) 69 (94.5) 4 (5.5)

CAD: coronary artery disease, DM: diabetes mellitus
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A15191 4 ANl inivaslnauasidn TM -33GA lugﬂamﬁﬁf{i'}mumamﬁaﬂﬁammn@h{lﬁu

Number of stenosed vessels

Genotype, n (%)

— p-value’
(n=327) GG GA+AA
0 vessel (n=130) 119 (91.5) 11(8.5) 0.548
1 vessel (n = 60) 55(91.7) 5(8.3)
2 vessels (n = 67) 63 (94.0) 4(6.0)
3 vessels (n = 56) 49 (87.5) 7 (12.5)
4 vessels (n = 14) 14 (100.0) 0(0)
uisufisusznitangdulasaii@ Chi-square
a3197 5 anudslulnduasinauasildu TM -33GA Lﬁ'mmdmjwjﬂmmw Gensini score
Genotypes, n (%)
Gensini score (n = 327) p-value’
GG GA+AA
<1.0 (n=111) 102 (91.9) 9 (8.1) 0.945
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