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Summary

Background: Peroxisome proliferator-activated receptor-
gamma2 (PPAR-gamma2) isanuclear receptor that playsan
important rolein adipocytedifferentiation, energy metabolism,
and homeogtasis. ThePro12Alapolymorphism of PPAR-gam-
ma 2 is associated with decreased risk of diabetes mdllitus.
Presumably, it may have aprotective effect on myocardia in-
farction (MI).

Hypothesis Thepurposeof thestudy wasto exploretheas-
sociation between the Pro12Alapolymorphismand therisk of
M1 inthe Chinese population.

Methods. The Pro12Ala polymorphism was detected by
polymerase chain reaction-restriction fragment length poly-
morphism among 844 subjects, including 218 patients with
MI and 626 controls. Clinical parameters such as fasting
serum total cholesterol, triglycerides, and plasma glucose
were detected by autoanalyzer assay. Waist circumference,
weight, height, and blood pressure (BP) were measured and
body massindex (BMI) wascal cul ated.

Results Thefrequenciesof theAladldeintheMI and con-
trol groups were 0.053 and 0.032, respectively. There was a
significant differencein genotype and alelefrequency distri-
bution between thetwo groups (after adjustment for age, gen-
der, BR, fasting plasmagl ucose, total cholesteral, triglycerides,
and smoking, oddsratio[OR] = 2.51, 95% confidenceinterval
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[CI]: 1.26-5.00, p = 0.009). In the group with Ml, the differ-
ence in frequency of the Aladlee in women (0.241) com-
pared with that of men (0.056) was significant (OR = 4.29,
95% Cl: 1.96-9.37, p<0.001). Therewasno relationship be-
tween the Pro12Ala polymorphism and waist circumference,
weight, BMI, BP, or triglycerides (p> 0.05).

Conclusions: Our study suggeststhat Pro12Ala polymor-
phismisassociated with increased risk of M.

Key words: peroxisome proliferator-activated receptor-gam-
ma2, polymorphism, myocardia infarction

Introduction

The peroxisome proliferator-activated receptor (PPAR) isa
member of the nuclear hormone receptor family, and consists
of three subtypes: PPAR-alpha, PPAR-beta, and PPAR-gam-
ma. In humans, dternative use of promotersand different splic-
ing of PPAR-gammaresultsinthreedifferentisoforms; PPAR-
gammal, PPAR-gamma2, and PPAR-gamma3. The PPAR-
gamma2 that is primarily expressed in white and brown adi-
posetissue caninducethe differentiation of preadipocytesinto
adipocytes, regulate lipid and fatty acid metabolism, and en-
hance insulin sengitivity. It has been reported that the PPAR-
gamma 2 agonists thiazolidinediones (TZDs) can inhibit the
expression of tumor necrosisfactor-apha(TNF-apha), inter-
leukin-1beta(IL-1beta), interleukin-6 (IL-6);1 decrease hyper-
triglyceridemia; ameliorate endothelial dysfunction;2andin-
hibit vascular smooth muscle cell (VSMC) proliferation and
migration.® Recent work has shown that the Pro12Ala poly-
morphism of the PPAR-gamma 2 gene is associated with
higher insulin sengitivity and decreased risk of type 2 diabetes
mellitus (DM).* Diabetesmdllitusisacoronary heart disease
(CHD) risk equivalent. Presumably, the Pro12Ala polymor-
phism can reduce the development and progression of my-
ocardia infarction (MI). However, dataon therisk of M1 were
scarce and controversial. To investigate the association be-
tween Pro12Alapolymorphismand MI, we performed acase-
control study in patientswith M1 and in hedlthy subjects.
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Subjectsand Methods
Subjects

The study groups comprised 844 subjects of the Chinese
Han populationin Hubel, including 218 patientswith M1 and
626 controls. All subjects underwent standardized eval uation
including physical examination, clinical diagnosis, laboratory
tests, and questionnaire on family history, diet, physical activ-
ity, tobacco smoking, and a cohol consumption. Casesinthe
groupwithMI had ahistory of MI or werenewly diagnosed by
the elevated molecular markers of cardiac injury, cardiac en-
zymes, and eectrocardiogram ambulatory changes, or con-
firmed by angiography. Thisstudy group consisted of 160 men
and 58 women, with amean age of 64.95 + 10.79 years. The
control group consisted of healthy subjects, including 346 men
and 280 women with a mean age of 62.10 £ 8.23 years.
Written informed consent was obtained from all participants.

Fasting serum tota cholesterol (TC), triglycerides (TG),
and fasting plasma glucose (FPG) were measured with an
autoanalyzer (Hitachi, Tokyo, Japan). Waist circumference
(WC), weight, height, and blood pressure (BP) weremeasured
at the sametime. The body massindex (BMI) was cal culated.

DNA Extraction and Genotyping Analysis

Thegenomic DNA of dl subjectswasisolated from periph-
eral blood leukocytes and then frozen at —20°C. The PPAR-
gamma2 gene was amplified by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP). The
sequences of the primerswere designed according to the doc-
ument,® forward primer: 5-GCCAATTCAAGCCCAGTC-3;
reverseprimer: 5-GATATGTTTGCAGACAGTGTATCAG-
TGAAGGAATCGCTTTCCG-3. The reverse primer con-
tained one nucleotide mismatch (underlined), which made it
possibleto use therestriction enzyme Hpa|| (Fermentas, Inc.,
Hanover, Md., USA) for the detection of the Pro12Alapoly-
morphism. The conditionsfor PCR wereasfollows. PCRina
25 W reaction mixture containing the primers 0.4 UM, MgClz
1.8 mM, KCI 2.5 mM, dNTP 200 uM, Taqg polymerase 1.5 u
and genomic DNAs0.2 pg. Thereaction mixtureswereincu-
bated at 94°C for 5min, followed by 30 cyclesof denaturation
at 94°Cfor 45s, annedling at 55.6°Cfor 45 s, and extension at
72°C for 40 s, with afina extenson of 7 min at 72°C. The
PCR productswere 267 bp. After determination under ultravi-
olet radiation, the PCR productswere digested with Hpa| (lo-
cus, C'CGG). The digestion mixtures included Hpal| 2 u,
buffer 8 pl; PCR products 10 pl were incubated a 37°C
overnight, then resolved by 2.5% ethidium bromide (EB)-
stained agarosegd eectrophoresis(100V, 1 h).

Statigtical Analysis

Stetigtica analys swasperformed with the Statistical Pack-
agefor Socia Sciences SPSS 11.0 (SPSS Inc., Chicago, 1lI.,
USA). Clinica parameterswereexpressed asmean + standard

deviation (SD). The proportions of genotypes or alleleswere
compared by chi-square analysis. Differencesin clinical pa
rameters between thetwo groupswere eval uated by t-test. Lo-
gisticregression analysiswasused to estimatethe OR and 95%
Cl. A pvaueof <0.05wasconsidered statistically significant.

Resaults

ThePPAR-Gamma 2 GeneProl2AlaPolymor phism

Theexpected PCR productsafter digestionwerethreegeno-
types: Pro/Pro, Pro/Alg, and Alal/Ala. 224 bp, 43 bpfor normd
Pro/Pro homozygotes; 267 bp, 224 bp, and 43 bp for Pro/Ala
heterozygotes, 267 bp for AlalAlahomozygotes (Fig. 1). The
genotype distribution of the PPAR-gamma 2 gene Pro12Ala
polymorphismwasin Hardy-Weinberg equilibrium.

Theresults showed that the Pro/Pro wasthe main genotype
of the PPAR-gamma2 genein the Chinese Han populationin
Hubei. The frequencies of Pro/Pro, Pro/Ala, and AlalAla
genotypes between MI and control groupswere 0.894, 0.106,
0.000, and 0.939, 0.058, 0.030, respectively, and those of Pro
and Ala alldles in the M1 and contral groups were 0.947,
0.053,and 0.968, 0.032, respectively (Tablel). Thetotal 12Ala
alelefrequency in both groupswas0.037. Therewasasignif-
icant difference in PPAR-gamma 2 genotype and allele fre-
quenciesdistribution between M| and control groups (after ad-
justment for age, gender, BP, FPG, TC, TG, and smoking, OR
=251, 95% CI: 1.26-5.00, p = 0.009). In the MI group, the
difference in frequency of the Ala alde in women (0.241)
compared with that of men (0.056) was significant (OR =
4.29,95% Cl: 1.96-9.37, p<0.001). However, in the control
group, therewasno differencein aleefrequency distribution
between genders (jp =0.630) (Tablell).

Comparisonsof Clinical Basdine Parameter shetween the
Two Groups(Tablelll)

AsshownintheTablelll, theleve of FPGinthe M| group
was significantly higher than that in the control group (p =

224 bp
267 bp

1 2 3 4 5 6

Fic.1 Electrophoresisresults of PPAR-gamma 2 gene Pro12Ala
polymorphism digested by Hpg||. Lanes 1, 3, 5for normal Pro12Pro
homozygotes; lane 2 for Alal2Ala homozygotes; lane 4, for
Prol2Alaheterozygotes; lane 6 for marker.
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TaBLE |  Peroxisomeproliferator-activated receptor-gamma?2 genotypeand dle efrequenciesinmyocardia infarction (MI) and control groups
Genotypes (%) & Alldes(%) 2

Groups n Pro/Pro Pro/Ala AlalAla Pro Ala
Ml 218 89.4(n=195) 10.6(n=23) 0(n=0) U7 53
Controls 626 93.90(n=588) 5.8(n=36) 03(n=2) 96.8 32
ap<0.05by chi-squaretest.
TaBLE Il Prol2Alapolymorphismand clinical parametersof thetwo groups

Ml Controls
Variables PP(n=195) PA+AA (n=23) pVaue PP(n=588) PA+AA(N=38) pVaue
Men (%) 151(94.4) 9(5.6) — 333(94.3) 20(5.7) —
Women (%) 44(75.9) 14(24.1)2 0.000 255(93.4) 18(6.6) 0.630
Age(years) 64.17+11.58 65.21+12.34 0.689 59.46+7.88 60.00+ 8.83 0.691
WC (cm) 88.23+11.40 86.81+13.72 0.433 85.35+10.10 86.56+ 12.35 0.650
Weight (kg) 66.87+11.28 60.76+11.40° 0.021 64.12+10.54 65.87+ 12.63 0.871
BMI (kgm~?) 2416+ 354 2452+ 359 0.622 2443+ 3.33 2491+458 0.736
SBP(mmHg) 129.39+24.65 13527+ 24.48b 0.046 131.5+2041 129.45+21.2 0.452
DBP(mmHg) 79.08+14.51 81.98+14.78 0.579 81.16+10.57 80.21+9.80 0.660
FPG (mmol{~1) 7.80+3.04 6.60+4.26"° 0.005 554+ 153 516+1.80 0.253
TC(mmol~-1) 426+1.15 4.82+1.14b 0.037 4.46+1.09 458+1.28 0.325
TG (mmol1-1) 153+0.98 149+0.60 0.410 162+1.22 158+1.02 0.5%4

ap<0.05by chi-squaretest.
bys. PP, p<0.05.

Abbreviations: WC =waist circumference, BMI = body massindex, SBP = systolic blood pressure, DBP = diastalic blood pressure, FPG =fast-
ing plasmaglucose, TC =tota cholesterol, TG =triglycerides, M| = myocardid infarction.

0.003). Therewereno significant differencesinany other clin-
ical basdine parameters between the M1 and control groups
(p>0.05). However, WC and BMI in both groupsweredight-
ly increased according to the normal criteriain China (men:
WC < 85cm, women: WC<80cm, BMI < 24kg-m~2), which
implied that these subjectsweredightly overweight.

TaLE Il Comparison of clinical baseline parameters between
thetwo groups

Variables Ml Controls pVaue
Age(years) 64.95+10.79 62.10+8.23 0.060
WC (cm) 88.15+11.74 85.81+10.65 0.091
Weight (k) 64.13+11.32 64.85+1042 0542
BMI (kgm~2) 2421+354 2457+3.32 0.910
SBP (mmHg) 130.82+2466  131.10+2041 0.458
DBP (mmHg) 80.22+ 14,52 81.02+1057 0671
FPG (mmol 1) 7.52+3.75 5.30+1.982 0.003
TC(mmol-1) 441+1.15 448+1.23 0.785
TG (mmol1~1) 151+095 161+145 0.210
ays. MI, p<0.05.

Abbreviationsasin Tablell.

Réeationship between Prol12AlaPolymor phism and Clinical
Parametersinthe Two Groups(Tablell)

Asshownin Tablell, in the M1 group, several significant
differencesinclinica parameterswere observed between sub-
jectswith and without the Pro12Alapolymorphism. Thelev-
elsof serum TC and systolic blood pressure (SBP) were high-
er in patients with than in those without the Ala allele (p<
0.05). Thelevels of FPG and weight were higher in patients
with than in those without Pro alele (p < 0.05). Wefound no
significant differencesin WC, BMI, TG, or diastalic blood
pressure (DBP) between patients with and without the
Pro12Alapolymorphism. Similarly, in the control group, we
failed to find any differencesin clinical parameters between
subjectswith and without Alaallele.

Discussion

The PPAR-gammagene, whichislocated on chromosome
3, caninducethetranscription of target genes after ligand-de-
pendent activation or in aligand-independent manner. Severa
genetic variants in the PPAR-gamma gene have been de-
scribed, themost preval ent being the missense mutationinthe
PPAR-gamma2 codon 12 of exon B, involvingaCO G substi-



L. Li etal.: Prol2Ala polymorphism and MI in a Chinese population 303

tution at nucleotide 34 that resulted in the exchange of danine
for prolinein the position of the PRPAR-gamma2 protein. The
nonconservative subgtitution of prolinefor aanine may cause
aconformationd changeintheproteinand lead to areduction
inthetranscriptiona activity of PPAR-gammaz2.

Theresults of our study show that the frequency of the Ala
aleleinthe MI group wassignificantly higher thanthat inthe
control group. The frequency of the Aladléeein the contral
group wascond stent with thet of the Han populationin Beijing
and Guangdong in Chinaand that of Japanese,* whereasthe
frequency of the Alaalldewassignificantly lower thanthatin
Uygur population (10.4%) of Xinjiang in China and that in
Americans These dataindicate that thereis an ethnic differ-
encein Pro12Alagenotypeand aldeefrequency distribution.

We found no evidence that the Ala allele was associated
with adecreased risk of MI; however, our results suggest that
the Ala dldeis associated with increased risk of M1 in the
Chinese Han population. Thisresult is cons stent with previ-
ousresearch that suggeststhat U.S. men and women with the
12Ala dlele and a BMI =25 kg-m? have a significantly in-
creasedrisk of M1,” inspiteof being freeof cardiovascular dis-
ease a basdine. In contrast to our study, other research shows
that Pro12Alapolymorphismisassociated with areduced risk
of theincidence of Ml ininitidly healthy men.® The former
study was carried out by a nested case-control design in a
prospective cohort investigation among 121,700 female and
51,529 U.S. mae health professionds, with afollow-up of 8
and 6 years, respectively. Furthermore, the latter was carried
out by anested case-control designin aprospective cohort of
14,916 initidly healthy American men, with afollow-up of
13.2 years. In our case-control study, the participantswith M1
were enrolled strictly, but our patients were accompanied by
anincreased mean level of serum FPG. Control subjectswith
cardiovascular, hepatic, and renal diseases were excluded by
physical examination and laboratory tests. We believethet the
design of this research isreasonable and that dl the data are
powerful and believable. On the other hand, these studiesin-
volved various ethnicities and different baseline conditions
such asincreased BMI, FPG, and there were gender differ-
ences between the subjectswho were suffering from Ml; this
could have contributed to the disparate effects.

The PPAR-gamma2 geneisan important modulating fac-
tor that can exert impact on lipid and glucose metabolism; the
Prol12Alavariation may causelipid metabolism disorder. Our
resultsshowed that the 12Aladlel ewasassociated withanin-
creased levd of serum TCinthe MI group but not inthe con-
trol group. Asaresult of thereduction intranscriptional activ-
ity, Pro12Ala variation reduced the activation of lipoprotein
lipase (LPL)8 and the level of serum adiponectin concentra:
tion,? while increasing the level of leptin. 10 Simultaneoudly,
the variation of Pro12Alaincreased the levels of serum TC,
TG, andlow-density lipoprotein (LDL ) cholesterol 11 2while
decreasing thelevel of serum high-density lipoprotein (HDL)
cholesterol. However, our studies showed no relationship be-
tween polymorphismand TGin either group.

In our study, the average level of serum FPG in subjects
with M1 was s gnificantly higher than that in healthy subjects;

thisindicatesthat DM playsanimportant rolein MI. A further
anaysisshowed that the averagelevd of serum FPG of 12Ala
aldecarrierswas sgnificantly lower than that in noncarriers
intheMI group. Theresultisconsistent with aprior report that
implied that the Aladldeismoresengtivetoinsulinandisas-
sociated with areduced risk of DM.13 Therewasno difference
inlevel of FPG among control subjects with and without the
12Alaadlde. In addition, the relationship between polymor-
phism and SBP and weight was found in subjects with Ml
rather than in controls. However, the average SBPwasin nor-
mal range (< 140 mmHg), and the BMI of Ala carriers with
M1 was not different from the Pro carriersand was a so found
to be the samein control group. Thisresult is not consistent
with the study of Memisoglu et al., which indicated that there
isaninteraction between Pro12Alapolymorphismand dietary
fatintakeinrelationto BMI.24 Thus, further observation of the
impact of Pro12Alapolymorphismon SBPand BMI isneces-
sary. Theseresults suggest that theimpact of Pro12Alapoly-
morphismon M| havevariousaspects, and that the effectsmay
bemodulated by the complex interactionsbetween avariety of
genetic and environmental factors.

Itisinteresting that the 12Alaa lel ewasprimarily observed
inwomenintheMI group, probably dueto theincreased stor-
age of whitefat. Nevertheless, thedigtribution of 12Aladlele
frequency in male subjectswith M1 did not differ fromthat in
the male controls. Furthermore, there was no difference in
12Ala dlele frequency distribution between genders in the
control group. Thequestioniswhether therewere other meta-
bolic disordersin female patientswith Ml and the Alaallele.
Our analysesfound that these patientshad significantly higher
levels of FPG (7.30 + 559 vs. 6.26 + 4.58) and TC (5.31 +
0.93vs 459+ 1.17) thanmaepatientswith MI andtheAlaal-
Iele, whichimpliesthat therewere more severemetabolic dis-
ordersin women than in men with the Alaallele. Obvioudly,
the datapredict that womenwiththe Alaalldeareat increased
risk of atherosclerossand have ahigh susceptibility for M.

Wea so observed the relationship between Pro12Alapoly-
morphism and other traditional cardiovascular risk factors
such assmoking, age, and al cohol intakein both groups. Inour
study, no such relationship wasfound.

It has been reported that both heterozygous PPA R-gamma
2 deficiency and the agonists TZDs can amdliorate lipid and
glucose metaboalic disorders, aswell asinsulinresistance (IR)
by variouspathways.1> Notably, trestment with agonists TZDs
led to the decrease of levelsof freefatty acids(FFA), TC, TG,
upregulation of the level of insulin-sensitizing hormone-
adiponectin, 16 and downregulation of thelevels of leptin and
resistin. Thiazolidinediones may aso decrease the injury of
ischemia/reperfusion, reducethe sizeof M1,17 and reducethe
risk of restenosis of percutaneous tranduminal coronary an-
gioplasty.18 It may beanovel way totreat MI.

Study Limitation

Theprincipd limitationin our study wasthat the Aladlele
wasinalow-frequency variant, and that thegroup of study pa
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tients with Ala alele was small; thus, our research needs a
larger samplesizefor further confirmation of thestudy results.

Conclusions

The result of our study suggests that Pro12Ala polymor-
phism of the PPAR-gamma 2 gene is associated with an in-
creased risk of M1 in the Chinese Han population, and that
thereisagender difference in Prol2Ala polymorphism fre-
quency distribution in the M1 group; this could be important
for clinica diagnosisand genetherapy. Whether the Pro12Ala
polymorphism of the PPAR-gamma2 gene hasthe sameim-
pacts on Ml in other populations will need to be clarified in
thefuture.
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