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Abstract. Several studies suggest that the peroxisome prolifeeatiivated receptor gamma (PPARSs involved in atherogenesis.
The Pro12Ala polymorphism in the gene encoding PRARPARy2gene) influences the risk for type 2 diabetes. Two population
based studies have shown that the Ala allele is associatbdeduced carotid intimal-medial thickness (IMT). Howewtudies
focusing on acute clinical events have yielded conflictieguits. Our aim was to evaluate the role of the ProlZARy2
polymorphism on the risk of coronary artery disease (CADanntalian population with a case-controlled genetic aission
study in which 478 CAD patients and 218 controls were gereddyjor the Pro12Ala polymorphism. CAD was diagnosed by
angiography. We found that homozygotes for the Alal2 alialka significantly reduced risk of CAD after adjusting falzbtes,
sex, age, body mass index (BMI), smoking, lipids and hypsiten (OR= 0.007; 95% C.l= 0.00-0.32p < 0.011). In this
case-control study, homozygosity for the Ala allele at cod@ of thePPARy2 gene resulted in reduced risk of CAD. This is
consistent with reports from previous studies focusingtbem@sclerosis and myocardial infarction.
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1. Introduction pressed in endothelial cells, vascular smooth muscle
cells, monocytes/macrophages, and T-cells [1]. It is
Peroxisome proliferator-activated receptor gamma thought to be the master regulator of fat storage. Ex-
(PPARy) is a ligand-activated transcription factor ex- perimental work suggests that PPARIso acts directly
on local vasculature during several critical phases of
atherothrombosis, which suggests that it may be an im-
| *qurresmndinlg a;thor: Andreell GTalganIi PhDAC_enérO_ di Serviz  portant determinant of gene expression during athero-
B e bl 1 o A%, genesis [2]. The role of PPARIn atherogenesis has
06 72596396; Fax: +39 06 72596037; E-mail: galgani@scienze D€€N Widely investigated with the aid of glitazones and
uniroma2.it. other PPAR activators [1]. These agents have been
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shown to inhibit the growth, proliferation [4], and mi-
gration of vascular smooth muscle cell, and they also
appear to exert anti-inflammatory and potentially anti-
atherogenic effects on monocytes and macrophages [5
6]. PPARy also regulates macrophage lipid homeosta-
sis [6]. In clinical trials, treatment with PPARacti-
vators was found to attenuate intimal and medial com-
plex thickening [7,8] and narrowing of the coronary lu-
men [9]. Collectively, these findings provide a strong
biological rationale for the hypothesis that susceptibil-
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Association of th@PARy2 Pro12Ala polymorphism
with T2D disease risk has been consistently replicat-
ed [10], building a strong argument for involvement

,of this variation with this disease [19]. Association of

the polymorphism with coronary events has not been
so consistently replicated, perhaps due to disease com-
plexity and heterogeneity among cases. Inthis study we
focused upon sub-clinical disease, comparing patients
with angiographic evidence for coronary atherosclero-
sis to healthy controls to evaluate the risk of atheroscle-

ity to atherosclerosis and cardiovascular disease can berosis withPPARy2 Pro12Ala genotypes.

influenced by variations in thePARy2 gene.

The Prol12Ala polymorphism has in fact been linked
to a reduced risk of type 2 diabetes (T2D) [10] and to
enhanced insulin sensitivity [11]. The alanine substitu-
tion at residue 12 decreases PPAR binding affinity
for the cognate promoter element, thereby diminishing
its ability to transactivate responsive promoters [12].
This leads to increased leptin expression with upreg-
ulated fatty acid combustion and decreased lipogene-
sis, which ultimately reduce the cell’s triglyceride con-
tent [13].

Two population-based studies have previously ex-
plored the influence of thePARy2 Pro12Ala polymor-
phism on atherosclerosis by quantifying carotid intima-
media thickness (IMT). In a study of the Canadian Oji-
Cree aboriginal peoples, the presence of the Alal2 al-
lele was associated with reduced IMT [14]. A German
study on subjects at risk for diabetes obtained similar
results [15] although they reported that only homozy-
gotes for the Alal2 allele had significantly reduced
IMT.

In a large longitudinal study, Ridker and co-wor-
kers [16] found that Alal2 carriers were protected
against myocardial infarction (Ml), consistent with the
decreased IMT results mentioned above. However, two
studies which focused on different cardiovascular clini-

2. Methods

The protocol for this case-control study was reviewed
and preapproved by the Ethics Committee of University
of Rome, Italy. Written informed consent to all proce-
dures and to publication of the results of the study was
obtained from all participants. Unless otherwise spec-
ified, all commercial products mentioned below were
used according to manufacturers’ instructions.

2.1. Study cohorts

A total number of 696 Caucasian subject were con-
secutively recruited in the Centre-West Coast of Italy,
most from Rome and its surrounding towns. The case
cohort consisted of 478 patients (380 men and 98 wom-
en, aged 36 to 83 years) with coronary artery disease
(CAD) defined as documented evidence of a previous
myocardial infarction (MI) — see below — or coronary
catheterization findings of stenosis of 50% or more in
at least one major coronary artery together with clin-
ical symptoms of angina. Myocardial infarction was
defined as the presence of typical electrocardiograph-
ic changes and elevation in the levels of at least two

cal end-points have reported results at variance to theseenzymes and confirmed by the presence of wall mo-

findings. The study by Biher and co-workers [17]
found that diabetic carriers of the Alal2 allele were

tion abnormalities on left ventriculography. The con-
trol cohort consisted of 218 healthy unrelated individ-

not at reduced coronary heart disease (CHD) risk, as uals (48 men and 170 women, aged 35 to 70 years)
established by a history of MI, coronary bypass oper- with neither CAD (reflected by responses to the Rose
ations or significant stenosis of at least one coronary questionnaire and ECG findings [Minnesota coding]),
artery. More recently, Pischon and co-workers [18] nor T2D (no current or past use of oral hypoglycemic
found that Alal2 carriers were not at reduced risk of drugs/insulin) plus a normal fasting blood glucose level
fatal CHD or nonfatal Ml, but that, among overweight (i.e.,> 126 mg/dl or 7.0 mmol/L).

subjects, Alal2 carriers were actually at increased risk.  Using a standard questionnaire, researchers inter-
This indicated the possibility of high BMIl and presence viewed each participant to obtain a complete medi-
of T2D constituting risk factors sufficiently strong for  cal history, including detailed information on smoking
overcoming the risk effect of the Pro12 Ala polymor- habits, comorbidities, and current medications. Body
phism on CHD. mass index (BMI), blood pressure, fasting glucose, to-



A. Galgani et al. / PPAR2 Pro12Ala SNP associated with CAD 261
Table 1
Clinical characteristics of study participants

Controls CAD all CAD no T2D CAD T2D

N =218 N =478 N =338 N =140
Age (years) 49.1+7.8 62.1+ 9.1 61.5+ 8.9 63.6+ 9.1
Sex (FIM) 170/48 97/381 67/271 30/110
BMI (kg/m2)* 241+ 3.7 27.3+ 3.4 27.14+ 3.2 27.9£4.0
Diabetesn (%)* 0 141 (29.4) 0 140 (100.0)
Hypertensionn (%)* 23 (10.6) 282 (59.0) 189 (55.8) 93 (66.4)
Dyslipidemian (%)* 52 (23.9) 199 (41.6) 144 (42.7) 54 (38.6)
Anginan (%)* 0 88 (18.4) 55 (16.3) 33(23.6)
Non fatal Min (%)* 0 210 (43.9) 140 (41.5) 70 (50.0)
Smokersn, (%)* 64 (29.4) 113 (23.7) 83 (24.5) 30 (21.7)
Triglycerides (mg/dL} 98.0+ 54.7 130.4+ 74.2 125.3+ 67.8 142.7+ 86.7
Glucose (mg/dL) 91.3+ 10.5 112.4+ 48.3 96.7+ 22.5 150.14 68.7
Total cholesterol (mg/dL¥) 204.0+ 32.9 172.3+-47.3 171.3+ 45.6 174.0+ 51.2
HDL cholesterol (mg/dL) 56.84+ 15.2 41.9+ 13.9 42.3+ 14.2 40.8+ 13.0
PPARy2Prol2Ala:
Ala allele frequency % 8.2%(=18) 7.7%@=37) 73%@=25) 8.9%¢(=12)
Ala-Ala frequency% 1.8% 0.2% 0.0% 0.7%

Abbreviations — M indicates male; F indicates female; CAOCoronary Artery Disease; T2B Type 2
Diabetes; BMI= Body Mass Index; M= Myocardial Infarction. Age, BMI, triglycerides, glucogetal
cholesterol and HDL cholesterol are given as mez8D. Other values represent number of individuals

(n) with percentager(/N) in parentheses.

*P < 0.001 between all CAD patients (= 478) and controls for all continuous and categorical véemb
with the exception for HDL cholestero{ < 0.04) and total cholesterol and smokers (not significant).

The statistical analysis for age, BMI, triglycerides,

glae, total cholesterol and HDL cholesterol was

performed on log-transformed values. Continuous varsabée been compared byest and categorical
variables byy? test. Significance was evaluated by 2-tailed distributib®walue.

tal and HDL cholesterol, and triglyceride levels were

were reviewed with in-house image analysis software

measured in all subjects at baseline. Participants were developed by Roche Molecular Systems.

classified as having hypertension if they presented el-
evated systolic ¥ 140 mmHg) and/or diastolic{
90 mmHg) blood pressure and/or were currently using
anti-hypertensive medication. Dyslipidemia was de-
fined as a total plasma cholesterol lezeP00 mg/dL
and/or current use of cholesterol-lowering medication.

2.1.1. Laboratory methods

Plasma levels of cholesterol and triglycerides were
measured with a Technicon RA-1000 Autoanalyzer.
HDL cholesterol was measured after precipitation of
apoB-containing lipoproteins with photungstic acid-
MgCls, and the LDL cholesterol level was estimated
with the Friedewald formula [11]. Blood glucose lev-

2.1.3. Statistical methods

A logistic regression analysis was conducted with
CAD as the outcome variable and tlRPAR v 2
Prol2Ala genotype as the independent variable. The
latter was coded 0/1 for the recessive modek(Bro-
Pro, Pro-Ala, 1= Ala-Ala) or 0/1/2 for the additive
model (depending on the number of Ala allele copies
found). Age, sex, fasting glucose, triglycerides, total
and HDL cholesterol levels, BMI, hypertension, and
smoking habitus were included as covariates. Con-
trols were compared with the total case cohort as well
as with subgroups of the latter defined by Ml or T2D
status. All analyses were conducted with S-Plus 6.1
software (Insightful Corp.) Differences between the

els were measured with the glucose oxidase method genotype distributions in cases and controls were com-

(Autoanalyzer, Beckman Coulter, Inc., Fullerton, CA,
USA).

2.1.2. Genotyping
PPARy2 Prol2Ala genotypes were generated with
a multi-locus, PCR-based assay with immobilized,

sequence-specific oligonucleotide probes, as described

elsewhere [20] with minor modifications. Genotyping

pared with those expected under Hardy Weinberg Equi-
librium. Differences were assessed with the Pearson
chi-squared test, and no significant deviations were ob-
served.

3. Results

The clinical characteristics according to disease sta-

was performed under blinded conditions, and the results tus are shown in Table 1. The case cohort displayed a
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Table 2
Calculated odds ratios for CAD for tiRPARy2 genotype in different patient subgroups

CAD Additive model Recessive model

subgroup n CADcases O.R. 95% ClI p-value O.R. 95% ClI p-value
all 478 0.931 0.61-1.42 0.740 0.007  0.00-0.32 0.011
no Ml 268 0.718 0.29-1.80 0.480 0.015  0.00-0.58 0.024
Ml 210 1.047 0.62-1.78 0.865 0.015 0.00-643.1 0.439
no 72D 338 0.839 0.37-1.92 0.677 0.014 0.00-15.97 0.235
T2D 140 0.775 0.36-1.66 0.511 0.063  0.00-2.25 0.130

Abbreviations — CAD= Coronary Artery Disease; O.R: Odds Ratio; Cl= Confidence Interval;
MI = Myocardial Infarction; T2D= Type 2 Diabetes;

Subgroup — no M= CAD+/MI-; Ml = CAD+/MI+; no T2D = CAD+/T2D-; T2D = CAD+/T2D+;
Age, sex, fasting glucose, triglycerides, total and HDLlebkterol, BMI, hypertension and smoking
status were included as covariates in the logistic regresmialysis.

lower proportion of females and a significantly high-
er mean age than the control cohort, but all analy-

ses were adjusted for these and other potentially con-

founding factors. The allele and genotype frequen-

have rendered the risk associated with the Pro12 Ala
polymorphism less discernable.

AlthoughPPARy2 Pro12Ala has beenwidely report-
ed to affect risk of T2D [10-12]PPAR)2 allele and

cies among controls were comparable to those reported genotype frequencies were not significantly differentin

among Caucasians in other studies [14].

As shown in Table 2, Alal2 heterozygosity had no
significant effect on the risk of CAD, but Ala-Ala ho-
mozygotes had significantly lower risks than Pro12 car-
riers. This difference was also significant when con-
trols were compared with the subgroup of CAD cases
with no history of MI. No significant association be-
tween thePPARy2 genotype and CAD was observed
when patients were divided into T2D and non-T2D
groups, although the value of the odds ratio was similar
to that obtained for the entire set for both T2D-affected
and T2D-unaffected subsets. When Ml and T2D status
were included in the model, an OR of 0.015 (95% ClI
= 0.00-0.81p < 0.04) was obtained, indicating that
its protective effect is not dependent on the T2D or MI
status of the CAD cases.

4, Discussion

Our results demonstrate tH2IPARy2Alal2 homozy-
gotes have a significantly lower risk for CAD, inde-

T2D+ CAD patients vs. controls or in CAD patients
with vs. without T2D. In fact, the highest Ala allele
frequency was — surprisingly — found in the subset of
CAD patients who also had T2D (8.9% compared to
the 8.2% in the controls and 7.3% in non-diabetic CAD
patients). Although this is counterintuitive, we note
that the T2D CAD subgroup was also the smallest and
that the limited sample size may explain this finding.
In addition, the current sample sizes were not large
enough to detect modest differences in allele frequen-
cies « 2% in the present study) as statistically signif-
icant, and an odds ratio of 2.0 (or 0.5 depending on
the direction of the association) is required to achieve
p < 0.05 for 80%. The protective effect of Alal2 on
CAD reported here does not seem to be mediated by
the well-established association of Alal2 with T2D.
There are some limitations to the present study. First,
the cases and controls were not matched for age and
sex. However, these two factors are unlikely to influ-
ence distribution of th&PARy2 genotype and there-
fore have been included as covariates in the logistic re-
gression analysis. In addition, the number of Ala-Ala

pendent of T2D status. These findings are consistent homozygotes in this study was not large. Nonetheless,

with previous reports indicating that the Alal2 allele
protects against Ml [16] and atherosclerosis [14,15].
As reported by Temelkova-Kuktshiev et al. [15], the

the results reported here are consistent with those found
in two previous studies of IMT (14-15), suggesting
that our conclusions are unlikely to be the result of a

decreased risk of atherosclerosis was observed only spurious protective association.

in Alal2 homozygotes, not among Pro-Ala heterozy-
gotes. Two previous studies failed to identify any asso-
ciation betweelPPARy2Alal2 and atherosclerosis[17,

The data regarding the genetic association of this
polymorphism with cardiovascular phenotypes, how-
ever, appear to conflict with some previously published

18], but both the cases and controls in these studies hadclinical data using PPAR activator compounds. The

significant risk factors (either T2D or obesity) that may

PPARy2 alanine allele encodes a protein with reduced
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activity [12], yet clinical data indicate that activators  [4]
of PPARYy, like thiazolidinediones (TZD), reduce IMT
and other CHD risk factors.

A similar contradiction is seen with regard to lipid
metabolism and insulin sensitivity: [5]

Yamauchi et al. [13] reported that supraphysiologi-
cal TZD-activation of PPAR increased the triglyceride
content of white adipose tissue and decreased that of [6]
the liver and muscle tissue. The result was increased
insulin sensitivity. In contrast, moderate reduction of
PPARy activity decreased the triglyceride content of
white adipose tissue, skeletal muscle, and liver tissue [7]
by upregulating leptin expression. In this case, too,
insulin sensitivity was enhanced by leptin-induced in-
creases in fatty-acid combustion and decreases in li- [g]
pogenesis. The authors concluded that upregulation
and downregulation of PPARactivity improve insulin
resistance, albeit by different mechanisms. A similar g
explanation might account for the paradoxically simi-
lar effects on atheroscelrosis PPARgonists and the
PPARy2 Prol2Ala variant on risk of atherosclerosis.
Functional experiments are needed to address this is-
sue.

In summary, we report a significant association with
reduced risk of CAD in carriers of the Alal2Ala geno-
type, providing further evidence on the role of the
PPARy gene in insulin-resistance and atherosclerosis.
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