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Summary

Background: Inherited predisposition has been associated
with coronary artery disease (CAD) inthewhite popul ation.

Hypothesis: The objective of this study wasto investigate
the association between therisk of unstable angina (UA) and
genetic factorsbelieved to beassociated with an increased ten-
dency toward thrombosis (the variable number of tandem re-
pests[VNTR] polymorphism of theplatel et glycoprotein [GP|
Ibo gene, PIAYAZ of the platelet GP |1agene, 448G/A of the
B fibrinogen geneand Thr312Alacf the A« fibrinogen gene)
in Chinesepatientswith UA.

Methods. We performed acase/control study evaluating 69
Chinese patients (43 men, 26 women) with UA and 69 control
subjectswithout CAD, individually matched for age and gen-
der. The redtriction fragment length polymorphism (RFLP)
method was used to determine the genetic polymorphisms.

Results: Thefrequenciesof GP Iba C/B genotype and B3
fibrinogen 448A dlelewerehigher in patientswith UA (46.4
vs. 30.4%, odds ratio [OR] 1.977, 95% confidence interval
[CI] 0.98-3.97, p = 0.054, and 49.3 vs. 20.3%, OR 3.816,
95% Cl 1.797-8.103, p=0.000, respectively). Only four sub-
jects (two cases, two controls) with GP [11aPlA2 dlldle were
found, and there was no association between A« fibrinogen
Thr312Alapolymorphismand UA.

Conclusions: Chinese patientswith UA had increased fre-
quenciesof GP Iba C/B genotypeand B3 fibrinogen 448A al-
lele. These data suggest that some genetic factors may influ-
encethe development of UA.
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Introduction

Coronary artery disease (CAD) is an important cause of
death and disability in the developed western world and in
China. Ungtableangina(UA) iscaused by thetota or subtotal,
transient or typical obstruction of acoronary artery, whichre-
sultsfrom ruptureor erosion of etheromatousplagquewith con-
sequent platel et adhes on and aggregation and cleavage of fib-
rinogen by thrombin to form fibrin. Therefore, any genetic
differencethat might ater function or production of theglyco-
protein (GP) receptors and fibrinogen could influencerisk for
adverse outcomesasaresult of the hemostatic process.

Two receptor complexes mediate theintegral role of plate-
letsinhemostasis: GPIb-1X-V and GPI1b/l11a. Under condi-
tionsof high shear stress associated with atherosclerotic nar-
rowing of vessels, the binding of GP Ib-1X-V complex and
von Willebrand factor (VWF) leadsto platelet adhesion and
activation and a conformational change of GP I1b/l11a.com-
plexes(abBsintegrin) that facilitatesfibrinogen binding and
platelet aggregation.r Many GP polymorphisms have been
found. The C/B genotype of GP Iba: VNTR polymorphism
has been reported to be associated with CAD and cerebral
vascular disease,2 and most recently Afshar-Kharghan et al.
have found an association between the CC genotype and a
lower risk of coronary heart disease in blacks.2 However,
many studieshavefailed to confirmany link between VNTR
polymorphism and cardiovascular disease* A meta-analysis
of 12 epidemiol ogic studies, spanning over 3,400 patientsand
3,400 controls, mostly white persons, has provided the evi-
dence that PIAYA2 polymorphism is associated with an in-
creased risk of coronary heart disease.®

Andevated plasmafibrinogen level hasbeen establishedto
be an independent predictor of CAD.® Thereisevidencethat
up to 51% of the variation in fibrinogen levels may be dueto
genetic factors, and a relation between the BB 448G/A and
B-455G/A polymorphisms and fibrinogen level has been re-
ported both in white” and Chinese persons.8 Furthermore, an
increased frequency of B fibrinogen 448A alele has been



456 Clin. Cardiol. Vol. 27, August 2004

foundin patientswithout flow-limiting stenosisafter myocar-
dia infarction (MI) compared with patientswith > 1 flow-lim-
iting stenosis.® A recent report that Ala312 of the Ax fibrino-
gen Thr312Alapolymorphism caninfluenceclot structureand
properties may provide a mechanism by which Ala312 fib-
rinogen could predisposeto clot embolization. 10

Theam of thisstudy wasto determinewhether the VNTR
polymorphism of the GP 1 ba. gene, the PIAYA2 polymorphism
of GPl1a, the 448G/A polymorphism of the B3 fibrinogen,
and the Thr312Alapolymorphism of the A« fibrinogen gene
areassociated with UA in Chinese patients.

Materialsand Methods
Patient Population

After informed consent wasobtained, weenrolled 138 con-
secutive patients (mean age 59.0 + 10.1 years) who werere-
ferred to the Department of Cardiology of Peking University
People’ s Hospital for diagnostic or therapeutic cardiac inter-
vention. All patients had undergone coronary angiography
during hospitalization. Case patientswere defined as subjects
with a least one coronary stenosis = 50%, whereas the age-
and gender-matched control patients had no luminal narrow-
ing or stenosis < 50%. All case patients were diagnosed with
UA according to American College of Cardiology/American
Heart Association (ACC/AHA) guiddines for UA and non-
ST-segment elevation M1.11 Risk factors and patient history
were assessed by questionnaire. Fasting blood samples for
measurement of routine clinica chemistry profile, aswell as
isolation of DNA were obtained in the early morning. De-
tection of the genotypes was performed in a blinded fashion
with regardto clinical dataand DNA andysis.

Determination of DNA Genotypes

Genomic DNA wasisolated from white blood cellsusing
digestionwith proteinase K and sodium dodecy! sulfate-poly-

acrylamide gel electrophoresis followed by phenol/chloro-
formextractionand didysis. Threeredtriction fragment length
polymorphisms (RFLP) were detected by polymerase chain
reaction (PCR) and the restriction enzymes Rsal for Aa fib-
rinogen, Mnll for B3 fibrinogen, and Mspl for glycoprotein
I1la. Glycoprotein Iba VNTR polymorphismwasdetermined
only by PCR. Genomic DNA (100 ng) was amplified using
dightly modified standard PCR conditions.12 The first three
primer sequenceswereidentical to those previoudy used for
these sites 1314 agnd we designed and synthesized the VNTR
primers (Table I). Amplified products were digested either
with Rsal and Ddel, Mnll, or Mspl (New England BioL abs,
Beverly, Mass., USA) and, together with VNTR PCR prod-
ucts, el ectrophoresed with 10% polyacrylamide gelsand visu-
alized by slver gaining.

Statigtical Analysis

The Student’s t-test was used to compare age between
case patientsand control subjects. All other variableswerean-
alyzed by chi-square test or continuity-corrected chi-square
test. Oddsratios(OR) and 95% confidenceintervals(Cl) were
cdculated for the presence of C/B genotype compared with
al other kinds of genotypesof GP1ba VNTR polymorphism,
andfor thepresenceof at least one448A daldecompared with
homozygous carriers of the 448G alele of BB fibrinogen
448G/A polymorphism. A pvaueof <0.05wasconsderedto
indicate statistical significance. All p valuesweretwo tailed.
Statistical analyseswere performed by the Statistical Package
for Socia Sciencesfor windows 10.0 (SPSS, Inc., Chicago,
., USA).

Resaults

Char acterigticsof the Study Population

Tablell showstheageand gender of the study subjects. No
significant differenceswerefound in the prevalence of sdlect-

TABLE |  Primersanddldicfragments
Alldes(bp)
Gene RFLP Primers(5'—3) 1 2
FGA Rl GGAAGGCATTAACAGACATG Thr (ACT) Ala(GCT)
GAGCTCTTTATCTCCTTTAG 78,39 117
FGB Mnll AACATCAGATCCCAGAAAACAG Arg(AGG) Lys(AAG)
GGTGAGCAAGAGAAATGAAGAA 183,132 315
GPllla Mspl GCTCCAATGTACGGGGTAAAC PIAL PiA2
GGGGACTGACTTGAGTGACCT 282 157,125
A B C D
GPlba TTCCCCACCAAAGCCCATACAAC 692 653 614 575
VNTR AGGGGGAGGAGGCAGCAAAAGTC

Abbreviations: RFL P = restriction fragment length polymorphism, FGA = A« fibrinogen, FGB = B fibrinogen, GP= glycoprotein.
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TaBLE Il Ageand gender of study subjectsand prevaenceof risk
factorsfor acute coronary syndrome

Petients Controls
(n=69) (n=69) pVaue?
Age(years) 60.6+9.0 574+11.0
Mean + SD (range) (34-77) (33-79) NS
Maegender (%) 62.3 62.3 NS
Risk factors (%)
Hypertension® 435 36.2 NS
Typel or 1 digbetes® 174 174 NS
Dydlipidemiad 18.8 15.9 NS
Smoking 3438 319 NS
Family history © 58 87 NS

aStudent’st-test (for age) and chi-squaretest (for all other variables)
wereused to comparethevaluesfor case patientsand controls.

b Hypertension was defined as systolic blood pressure = 140 mmHg
and/or diastolic blood pressure =90 mmHg at thetime of admission
tothe hospitdl.

¢ Diabeteswas defined asafasting blood glucose> 7.8 mmol/| a the
timeof admissionto thehospital.

d Dydlipidemiawas defined asatotal serum cholesterol level >5.72
mmol/l, or low-density lipoprotein cholesterol level = 3.64 mmoal/l, or
triglyceridelevel = 1.7 mmol/l a thetimeof admissiontothehospital.
eFamily history was defined as at |least onefirst-degreerelativewho
had suffered from coronary artery disease.

edrisk factorsfor CAD (hypertension, diabetes, dydipidemia,
smoking, or family history) among petientsand controlsinthis
case/control study.

Glycoprotein Polymor phismsand Unstable Angina

The genotypes of the VNTR polymorphism in the case/
control study aresummarizedin Tablelll. NoalldeD carriers
were found. Genotype analysis showed an association of the
C/B genotype and UA (p = 0.054; OR, 1.977; 95% ClI,
0.98-3.97). Therewereno frequency differencesof the A, B,
and C allelesbetween the case patientsand controls.

ThePlA2dldeexistedinonly 4 (2 casesand 2 controls) of
138 Chinese subjects (2.9%) in this study. The low preva
lence of thispolymorphism compared with that in white per-
sons,> 14 issimilar to that in Japanese!® and suggests an eth-
nic difference.

Fibrinogen Polymor phismsand Unstable Angina

Teblelll summarizesthegenotyping dataof the B fibrino-
gen 448G/A polymorphism. We found asignificant associa-
tion between 448A aleleand UA. Thus, of 69 such patients,
49.3% carried at least one 448A alele, compared with 20.3%
of thecontrols (p = 0.000, OR, 3.816; 95% Cl, 1.797-8.103).
The prevalence of the 448A allele was significantly higher
in the group of patients with UA than in the respective con-
trol group (54.4 vs. 30%; p = 0.002; OR, 2.786; 95% Cl,
1.441-5.386).

There was no association between A« fibrinogen
Thr312Alapolymorphism and UA (datanot shown).

Discussion

To assess the association between these four polymor-
phisms and UA, we compared the risk of CAD among case
and control subjectsmatched for age and gender. Considering
that genetic and environmenta factorsact additively or syner-
gidticaly to determineanindividual’srisk of CAD, our Strate-
gy foridentification of polymorphismspredisposngtothedis
easewasto avoid overrepresentation of classicrisk factorsin
the UA group compared with controls. Thus, wetried to ap-
proximaterisk factors between every case patient and asingle
age- and gender-matched contral.

In this study, we found increased frequencies of GP Iba
C/B genotypeand B fibrinogen 448A dlele (p=0.054, OR
1.977, 95% Cl 0.98-3.97; p = 0.000, OR 3.816, 95% ClI
1.797-8.103, respectively) in Chinese patientswith UA com-
pared with subjectswithout CAD.

Glycaoprotein Iba plays an essentid rolein platelet activa
tion and aggregation. Some previous studies have shown an
association between GP1ba C/B genotype and cardiovascular
disease,? dthough the results are controversial 4 The GP Iba
VNTR polymorphism is amolecular weight polymorphism
within the mucin-like macroglycopeptide region of GP Iba,
resulting in the duplication of a13-amino acid sequence once
(VNTR D), twice (VNTR C), threetimes (VNTR B), or four
times (VNTR A). One possible hypothesisis that this could
extend the GP I babinding sitesfor VWF and thrombin further
abovethe plane of the plasmamembrane, increasing theavid-
ity for theseligandsand accounting for the observed increased

TasLE |1l Frequency of genotypesof theGP Ibae VNTR and BB
fibrinogen 448G/A polymorphismsin case patientsand controls

No. of No. of pVaue

Genotype patients (%) controls(%o) (OR)2
GPlba VNTR p=0.290

AB 2(29) 4(5.8) 0.676

AC 1(1.4) 1(14) —

BB 22(319) 23(33.3 0.856

BC 32(46.4) 21(304) 0.054(1.977)

CcC 12(17.4) 20(29.0) 0.107
FGB448G/A  p=0.000(3.816)"

11 35(50.7) 55(79.7)

12+22 33+1(49.3) 13+1(20.3)

aChi-squaretest wasused to comparethevalue of aparticular GP1ba
VNTR genotype among case patientsand controls.

b Chi-squaretest was used to compare the valuesof thedistribution of
GP Iba VNTR and B fibrinogen 448G/A genotypes among case
patientsand contrals.

Abbreviations: GP=glycoprotein, FGB = B fibrinogen, OR = odds
rétio.
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risk for acute CAD associated with the longer variants,2 but
this could not explain why C/B genotype rather than B/B or
A/A genotypeis associated with cardiovascular disesse. Re-
cently, Afshar-Kharghan et al. have proposed another mecha-
nismby whichtheVNTR polymorphism may influence CAD
susceptibility.3 They believethat it wasthe disparity inlength
between thetwo alele productsin aheterozygousindividua
that influencestheinteraction of GPlba with thereceptor, and
itispartly proved by the shorter collagen-adrenaline-induced
closuretimein carriersof C/D versus C/C genotype; 6 howev-
er, because of the small sample size, we could not prove this
hypothesisin thiscase/control study.

Theconversion of fibrinogentofibrin isthe ultimate event
intheactivated coagulation cascade. Itiswidely accepted that
plasma fibrinogen levels are strongly associated with and an
independent predictor of CAD.8 Somestudiesreported arela
tion between the B 448G/A and B-455G/A polymorphisms
and fibrinogen level bothin white” and Chinese persons8 and
B-455G/A polymorphism, whichisin linkage disequilibrium
with 448G/A polymorphism, hasbeen shown to beassociated
with M1 and CAD.18 Asfar aswe know, thereis only one
study demonstrating the association between 448G/A poly-
morphismand MI. French et al . reported that pati entswithout
flow-limiting stenosisafter M1 haveincreased frequencies of
B fibrinogen 448A dlele, compared with patients with>1
flow-limiting stenosis (42 vs. 27%, OR 2.0, 95% CI 1.1-3.5,
p =0.018), whileinthis study we found that the frequency of
448A dlele was higher in patients with UA and at least one
coronary stenosis=50%. The subjectsenrolled in theformer
study were dl survivors of MI, and angiography was per-
formed 1 month after MI. This might exclude patients who
died and were at high genetic risk and patients with coronary
repatency after therapy, which may causeaselection bias.

Severd limitations shoul d betakeninto account wheninter-
preting results. First, the lumenogram obtained by coronary
angiography that cannot €l ucidate the true morphol ogy of the
lumen andtherdatively small number of patientscould lead to
aselection bias. Second, our study refersto the association be-
tween these four polymorphisms and UA specifically in the
Chinese population. The relevance of these polymorphisms
should beinvestigated in other popul ations and with prospec-
tiveand family studies.

Conclusions

Chinese patientswith UA haveincreased frequenciesof GP
Iba C/B genotypeand B fibrinogen 448A dlde. Largeand
prospective studies are needed to clarify therole of theseand
other platelet receptor and fibrinogen polymorphisms. Addit-
iona in vitro studies of the functional relevance underlying
these polymorphismsareneeded to provideasound biological
explanationfor theresultsof clinical corrations.
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