
I t is well doc u mented that ox i dized low den sity li -
po pro tein (LDL) is in volved in the pro cess of

atherogenesis. 1 Clin i cal stud ies have found that
high den sity li po pro tein (HDL) cho les terol and
hypertriglyceridemia have an es sen tial ef fect on the
in ci dence of cor o nary ar tery dis ease (CAD).2 In vi tro

stud ies have also dem on strated that HDL in hib its the
cytotoxicity of ox i dized LDL in hu man cul tured en do -
the lial and smooth mus cle cells3 and co-cultures of
aor tic wall cells.4 Se rum paraoxonase (PON), a
HDL-associated en zyme, is ca pa ble of in hib it ing LDL 
ox i da tion by de stroy ing the bi o log i cally ac tive
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Back ground. Paraoxonase (PON), a high den sity li po pro tein (HDL)-as so -
ci ated en zyme, is ca pa ble of in hib it ing low den sity li po pro tein (LDL) ox i -
da tion by de stroy ing the bi o log i cally ac tive phospholipids in ox i da tively
mod i fied LDL. An in creased risk of cor o nary ar tery dis ease (CAD) has
shown to as so ci ate with polymorphisms of PON gene (PON1) in dif fer ent
pop u la tion. The risk of CAD as so ci ated with the other PON1-like gene, des -
ig nated PON2, which has a sim i lar func tion and is struc tur ally re lated to
PON1, is least dis cussed. A pop u la tion-based case-control study was con -
ducted to in ves ti gate the as so ci a tion be tween CAD and the polymorphisms
at two com mon codons 148 and 311 of PON2 in the pop u la tion of Tai wan.
Methods. Totally 364 un re lated, angiographically proved CAD-positive
pa tients (338 male and 26 fe male) and 337 un re lated, CAD-free con trol
sub jects (249 male and 88 fe male) en rolled in this study. Lipids and
lipoproteins pro file and the as so ci a tion of PON2 ge no types and al lele fre -
quen cies were an a lyzed in all study co horts.
Re sults. The plasma lev els of HDL-cholesterol and apoA-I were sig nif i -
cantly lower in pa tients with CAD than in con trol sub jects (both p =
0.0001). There was no dif fer ence in the ge no type fre quency dis tri bu tion at 
codon 148 of PON2 be tween CAD pa tients and the con trols. How ever,
age-, sex- and di a be tes-adjusted odds ra tios for in di vid u als with the SS ge -
no type of the codon 311 poly mor phism (Cys → Ser, PON2*C al lele →
PON2*S al lele) showed a 4.6-fold higher risk of CAD (95% CI =
1.6-15.3, p = 0.006) they ran. Also, in the con trol sub jects, PON2*C al lele
car ri ers (CC and CS ge no types) had higher plasma lev els of HDL than
cases with the SS ge no types (p = 0.035 and p = 0.012, re spec tively).
Con clu sions. Our data im pli cate that the genotypic vari a tion at codon 311
of PON2 con trib utes to the sus cep ti bil ity of CAD in the pop u la tion of Tai -
wan. [Chin Med J (Tai pei) 2002;65:415-421]
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phospholipids in ox i da tively mod i fied LDL.5 An i mal
stud ies have sug gested that PON ex pres sion may
make an im por tant con tri bu tion to the abil ity of HDL
to pro tect against the de vel op ment of atherosclerotic
le sions.6,7

Hu man se rum PON, an arylesterase, is a 45 kDa
pro tein and hydrolyzes a broad range of sub strates in -
clud ing organophosphates.8 Se rum PON is mainly as -
so ci ated with a sub spe cies of HDL con tain ing
apolipoprotein A-I (apoA-I) and apolipoprotein J
(apoJ).9 The amount of apo A-I-PON-apo J com plex
in creases in the wall of hu man aorta with the pro gres -
sion of ath ero scle ro sis.10

Se rum PON ac tiv ity has been found to be lower in
pa tients with myo car dial in farc tion.11 There is a wide
range of ac tiv ity and lev els of se rum PON among hu -
man pop u la tions of dif fer ent eth nic bacgrounds.12,13

The hu man PON gene (called PON1) is ge net i cally
poly mor phic in the hu man ge nome. The interindividual 
vari a tion of PON ac tiv ity has shown to at trib ute to the
pres ence of poly mor phic vari a tion of a glutamine
(PON1*Q or *A al lele) to arginine (PON1*R or *B
al lele) at amino acid 192 of the PON1  gene.14,15 The R
al lele of the codon 192 poly mor phism of PON1 has
shown to be a ge netic risk fac tor for ischemic heart
dis ease.16,17  This com mon poly mor phism has also
been found to be a de ter mi nant of the con stric tor ef -
fect of hu man cor o nary ar ter ies to se ro to nin.18 The
other poly mor phism lo cated at amino acid 55 of the
hu man PON1, which in volves an in ter change of
leucine (PON1*L al lele) and methionine (PON1*M
al lele) has been re ported to as so ci ate with CAD risk
among di a bet ics.19

Two ad di tional genes ho mol o gous to PON1,
desig nated PON2 and PON3, have been iden ti fied on
hu man chro mo some 7 (7q21-q22). PON1 has the dis -
tin guish ing fea ture of three ex tra nu cle o tide res i dues
in exon 4 cod ing for amino acid 105 com pared with
PON2  and PON3 . It has been sug gested that the struc -
tur ally re lated PON2  has a sim i lar func tion as PON1
in the me tab o lism of lipids and lipoproteins.20,21 The
gene vari ant at codon 148 of PON2 has shown to
worsen glycemia in the na tive res i dents of cen tral
Can ada and Pima In di ans with non-insulin de pend ent
di a bet ics.22,23 How ever, very few stud ies have fo cused 

on the as so ci a tion be tween PON2 poly mor phism and
ath ero scle ro sis. One re cent re port showed the as so ci a -
tion of a poly mor phism at codon 311 (Cys → Ser;
PON2*C al lele → PON2*S al lele) in the PON2 with
CAD in Asian In di ans.24 We there fore con ducted a
allelic-association study to in ves ti gate the cor re la tion of
the polymorphisms at codons 148 and 311 of PON2 with 
the risk of CAD in the Chi nese pop u la tion in Tai wan.

Methods

Study pop u la tion

The study sub jects, all ge net i cally un re lated Chi -
nese, con sisted of 337 con trol sub jects and 364 pa -
tients with CAD. Mean age was 61.5 ± 11.8 years for
con trol sub jects and 66.9 ± 8.9 years for pa tients with
CAD. The con trol sub jects were healthy vol un teers in
the Lipid Sur vey of Vet erans Gen eral Hos pi tal-Taipei
with no his tory of CAD, with nor mal elec tro car dio -
gram and echocardiography. The pa tients with CAD
were iden ti fied from cases ad mit ted to Car di ol ogy Di -
vi sion of Tai pei Vet erans Gen eral Hos pi tal for cor o -
nary arteriographic ex am i na tion. These cases in -
cluded in di vid u als suf fer ing from an gina with the
pos i tive tread mill ex er cise test or Thal lium-201
scintigraphic study, and pa tients sched uled for
percutaneous transluminal angioplasty or by pass sur -
gery for doc u mented CAD. In cases with doc u mented
myo car dial in farc tion, only those who had had a full
re cov ery for more than 3 months were en rolled. The
se ver ity of CAD was de ter mined by fixed stenotic le -
sion with luminal nar row ing ≥ 50% in at least one of
the ma jor or mi nor cor o nary ar ter ies. Pa tients with ei -
ther acute or chronic in fec tious dis eases and ma lig -
nancy were ex cluded. All in di vid u als with a fast ing
se rum level of tri glyc er ides higher than 300 mg/dl
were ex cluded.

Anal y sis of lipids and lipoproteins

Blood sam ples mixed with 0.1% ethylenediamine
tetraacetic acid (EDTA) were drawn af ter a 12-hour
over night fast ing in all study co horts. To tal cho les -
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terol (TC), the cho les terol con tent of high den sity li -
po pro tein (HDL-C) and low den sity li po pro tein
(LDL-C), and triglyceride (TG) were an a lyzed en zy -
mat i cally us ing com mer cial re agents (CHOP-PAP
Method, Merck Sci en tific Cor po ra tion, Ger many).
ApoB and apoAI con cen tra tions were de ter mined by a 
high sen si tiv ity en zyme-linked immunosorbent as say
method (AlerCHEK, Inc., Port land, USA).

Geno typ ing of DNA

DNA was ex tracted us ing stan dard pro ce dures
from leu ko cytes. A mis match-PCR as say for geno typ -
ing the poly mor phism of codon 148 (A [Ala] and G
[Gly] al leles) of the PON2 was car ried out as de -
scribed by Mochizuki et al,23 and the anal y sis of the
codon 311 poly mor phism (S [Ser] and C [Cys] al leles) 
of PON2 was car ried out as de scribed by Sanghera et
al.24 The primer se quences for PON2 were as fol lows:
148-sense AGTGGAAAATTTTTAAATTTGAAGCAG
and 148-antisense TTGTTTGCAAATGCTGGGGAT;
311-sense ACATGCATGTACGGTGGTCTTATA and
311-antisense AGCAATTCATAGATTAATTGTTA.
Microplate PCR was con ducted with 200 µM of each
dNTP and 1 U of Taq poly mer ase in a to tal re ac tion
vol ume of 20 µl. The cy cling con di tions for the de tec -
tion of codon 148 poly mor phism of PON2  were 4 min
at 94 °C for ini tial de na tur ation, fol lowed by 40 cy cles 
of 1 min at 94 °C for de na tur ation, 1 min 30 sec at 50
°C for an neal ing and 1 min at 72 °C for ex ten sion. The 
cy cling con di tions for the de tec tion of codon 311
polymorphisms of PON2 were 4 min at 94 °C for ini -
tial de na tur ation, fol lowed by 30 cy cles of 1 min at 94
°C for denaturtion, 1 min 30 sec at 50 °C for an neal ing 
and 2 min at 72 °C for ex ten sion. All PCR re ac tions
were ter mi nated with a fi nal ex ten sion for 7 min at 72
C. The PON2 polymorphisms were de tected with us -
ing re stric tion en zymes, Fun4HI and DdeI, re spec -
tively. The di gested prod ucts were sep a rated us ing 3% 
Met a Phor agarose gel elec tro pho re sis and vi su al ized
us ing ethidium bro mide.

Sta tis ti cal anal y sis

Anal y sis of the fre quency to test for Hardy-

 Weinberg equi lib rium was per formed with χ2 good -
ness-of-fit test. Com par i son of the ge no type fre quen -
cies be tween CAD cases and con trols was cal cu lated
by χ2 test us ing a 2 × 3 con tin gency ta ble. Quan ti ta tive 
vari ables, in clud ing age, body mass in dex (BMI) and
se rum lipid lev els were com pared be tween the CAD
and con trol groups by the Stu dent’s t test. Cor re la tion
be tween the se rum level of lipid pro files and the ge no -
types of in di vid ual PON2 genes was ex am ined by
ANOVA. Lo gis tic re gres sion anal y sis was per formed
to eval u ate the in ter ac tion be tween an in di vid ual’s
poly mor phism and other vari ables (such as age and
sex) in re la tion to the prev a lence of CAD. A p value
less than 0.05 was con sid ered sig nif i cant.

Re sults

Clin i cal data and lipid pro file

The study co hort com prised of 364 ge net i cally un -
re lated pa tients with CAD (338 male and 26 fe male)
and 337 con trol sub jects (249 male and 88 fe male). The 
clin i cal data, the plasma lev els of the lipid and li po pro -
tein vari ables of pa tients with CAD and con trol sub -
jects are showed in Ta ble 1. Compared with the con trol
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Table 1. Clinical data and lipid profile of controls and
patients with CAD

Controls
(n = 337)

CAD patients
(n = 364)

p value

Age (years) 61.5 ± 11.8 66.9 ± 8.9 0.0001
Sex (M/F) 247/90 338/26 0.001
BMI (kg/m2) 24.4 ± 3.3 24.7 ± 3.4 0.350
Diabetic (–/+) 327/10 301/63 0.001
Hypertension (–/+) 249/88 189/175 0.001
Smokers (–/+) 207/130 146/218 0.001
Triglyceride (mg/dl) 129.5 ± 57.5 138.9 ± 61.3 0.033
TC (mg/dl) 194.6 ± 50.2 218.6 ± 65.7 0.0001
HDL-C (mg/dl) 43.6 ± 14.4 36.6 ± 12.1 0.0001
LDL-C (mg/dl) 134.0 ± 50.7 148.0 ± 63.1 0.0001
ApoA-I (mg/dl) 126.9 ± 33.3 106.2 ± 28.4 0.0001
ApoB (mg/dl) 91.4 ± 26.1 97.5 ± 34.1 0.0086

CAD = coronary artery disease; TC = total cholesterol;
HDL-C = cholesterol content of high density lipoprotein;
LDL-C = cholesterol content of low density lipoprotein;
ApoA-I = apolipoprotein A-I; ApoB = apolipoprotein B.



group, in di vid u als in the CAD group were older and
were more fre quently di a be tes (17% ver sus 3%), hy -
per ten sion (48% ver sus 26%) and cig a rette smok ers
(59.9% ver sus 38.6%). The con trol group en rolled

more fe male cases than in the CAD group (26.7% ver -
sus 7.1%, p = 0.001). Pa tients with CAD showed sig -
nif i cantly higher plasma lev els of TG, TC, LDL-C and
ApoB than the con trol sub jects (p = 0.033, p = 0.0001
and p = 0.0086, re spec tively). On the con trary, plasma
lev els of HDL-C and ApoA-I were sig nif i cantly lower
in pa tients with CAD than in con trol sub jects (both p =
0.0001).

Polymorphisms of PON2s and their
dis tri bu tion in pa tients with CAD and
con trol sub jects

The dis tri bu tions of polymorphisms of PON2 in
the pa tients with CAD and the con trol sub jects are
shown in Ta ble 2. At codon 148 of PON2, the dis tri -
bu tion pat tern of ge no type and al lele fre quency did
not dif fer be tween pa tients with CAD and the con trol 
sub jects. How ever, at codon 311, the pa tients with
CAD had a sig nif i cantly higher fre quency of the
PON2*S al lele and a sig nif i cantly lower fre quency
of the PON2*C al lele (84.1% ver sus 80.5% and
15.9% ver sus 19.5%, p = 0.014) than the con trol sub -
jects. The ge no type dis tri bu tions were all in
Hardy-Weinberg equi lib rium (Ta ble 3). In the PON2
only model of Ta ble 4, the age-, sex- and di a be -
tes-adjusted odds ra tios (ORs) for the de vel op ment
of CAD in the PON2*S car ri ers (both CS and SS ge -
no types) was 4.6 (95% CI = 1.6-15.3, p = 0.006). In
the codominant model in Ta ble 5, the risk of
PON2*S al lele with sep a rate ORs for CS and SS ge -
no types gave also sig nif i cant fits to the data (95% CI
= 1.7-16.9, p = 0.005 and 95% CI = 1.6-15.0, p =
0.007, re spec tively).
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Table 2. Distribution of PON2 polymorphisms in
controls and patients with CAD

Controls CAD

Codon 148 (n = 328) (n = 344)
Allele

A (Ala) 22.6% 18.0%
G (Gly) 77.4% 82.0%

Genotype
AA 16 (4.9%) 9 (2.6%)
AG 116 (35.4%) 106 (30.8%)
GG 196 (59.7%) 229 (66.6%)

Codon 311 (n = 315) (n = 364)
Allele:

S (Ser) 80.5% 84.1%
C (Cys) 19.5% 15.9%

Genotype
SS 210 (66.7%) 254 (69.8%)
CS 87 (27.6%) 104 (28.6%)
CC a 18 (5.7%) 6 (1.6%)

aDenotes significant difference between CAD cases and
controls, χ2 = 8.598 and p = 0.017.

Table 3. Calculation of Hardy-Weinberg equilibrium for
PON2 polymorphisms

χ2 p Value

Codon 148
Controls 0. 049 0.976
CAD 0. 631 0.730

Codon 311
Controls 4. 627 0.099
CAD 1. 615 0.446

Table 4. Assessment of risk for development of CAD, calculated by logistic regression

OR (95% Confidence Interval); p Value
Codon 148 only Codon 311 only Codon 148 and Codon 311 Interaction

Age 1.0 (1.0-1.1); 0.0001 1.0 (1.0-1.1); 0.0001 1.0 (1.0-1.1); 0.0001 1.0 (1.0-1.1); 0.0001
Sex 5.2 (3.2-8.9); 0.0001 5.3 (3.2-8.9); 0.0001 5.4 (3.2-9.3); 0.0001 5.3 (3.0-8.9); 0.0001
Diabetes 7.0 (3.4-16.6); 0.0001 8.7 (4.0-21.8); 0.0001 9.6 (4.2-26.1); 0.0001 9.6 (4.2-26.3); 0.0001
Codon 148 1.7 (0.7-4.4); 0.271 - - - 0.7 (0.2-2.2); 0.552 0.7 (0.1-6.9); 0.724
Codon 311 - - - 4.6 (1.6-15.3); 0.006a 5.3 (1.7-19.0); 0.006 5.1 (0.7-50.0); 0.122
Codon 148 and Codon 311 1.1 (0.1-13.2); 0.958

Age is tested as continuous variable; Sex is tested with male as the reference group.
aDominant effect test with using CC genotype as the reference group, CC versus CS plus SS.



As so ci a tion be tween lipids pro file and
ge no types

Ge no types of codon 311 poly mor phism of PON2
on any quan ti ta tive traits of lipid and li po pro tein vari -
ables are showed in Ta ble 6. Con trol sub jects who
were PON*C car ri ers (CC and CS ge no types) had a
sig nif i cantly higher plasma level of HDL than cases
with the SS ge no type (p = 0.035 and p = 0.012, re spec -
tively).

Dis cus sion

Osei-Hyiaman et al25 re ported that PON1-192
poly mor phism may be an in de pend ent risk fac tor for
CAD in the Chi nese type 2 di a be tes. As found by
Sanghera et al24 the PON1-192 poly mor phism is a sig -

nif i cant risk fac tor of CAD in Asia In di ans, but not in
the Chi nese of Sin ga pore. Ko et al26 and our data (not
shown) both in di cate that codon 192 poly mor phism of 
PON1 is not as so ci ated with CAD in the Chi nese sub -
jects in Tai wan.

In the PON gene fam ily, the struc tur ally re lated
PON2 has a sim i lar func tion as PON1 in the me tab -
o lism of lipids and lipoproteins. It is ac cord ingly
very likely that PON2 may play an es sen tial role in
the sus cep ti bil ity of CAD. The ge netic poly mor -
phism at condon 148 of PON2 has been re ported to
be a de ter mi nant for fast ing hyperglycemia in sub -
jects with type 2 di a bet ics.22 Sanghera et al24 in di -
cated that polymorphisms of both codon 192 of
PON1 and codon 311 of PON2 syn er gis ti cally con -
trib ute to CAD risk in their sam ples. Our data found
that there was no as so ci a tion be tween the codon 148 
poly mor phism of PON2 and CAD in the study sub -
jects. Nev er the less, the codon 311 poly mor phism
(Cys → Ser) of PON2 is as so ci ated with CAD in the
Chi nese pop u la tion of Tai wan. In the pres ent study,
PON2*S al lele is a sig nif i cant risk fac tor of CAD
and is dom i nant with both the SS and CS ge no types
(OR = 4.6) be ing as so ci ated with CAD when com -
pared with the CC ge no type. Nev er the less, our data
found that di a be tes did not af fect the as so ci a tion be -
tween codon 311 poly mor phism of PON2 and the
risk of CAD.
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Table 5. Codominant model of risk of CAD for the S
allele at codon 311 of PON2

OR (95% CI) p value

Sex 5.3 (3.2-9.0) 0.0001
Age 1.0 (1.0-1.1) 0.0001
Diabetes 8.7 (4.0-21.8) 0.0001
Codon 311/CSa 5.0 (1.7-16.9) 0.0054
Codon 311/SSa 4.5 (1.6-14.9) 0.0074
aDenote genotypes of codon 311.

Table 6. Associations between codon 311 polymorphism of PON2 and lipid variables in control subjects and patients
with CAD

Control (n = 315) CAD (n = 364)
CC

(n = 18)
CS

(n = 87)
SS

(n = 210)
CC+CS
(n = 105)

CC
(n = 6)

CS
(n = 104)

SS
(n = 254)

CC+CS
(n= 109)

Age (years) 60.1 ± 12.4 59.3± 12.1 62.2 ± 11.9 59.5 ± 12.1 71.1 ± 6.2 67.1 ± 8.7 66.6 ± 8.6 67.3 ± 8.7
BMI (kg/m2) 23.1 ± 3.3 23.7 ± 2.9 24.5 ± 3.4 24.3 ± 3.3 24.0 ± 4.5 24.5 ± 3.3 24.7 ± 3.4 24.5 ± 3.3
TC (mg/dl) 211.9 ± 76.5 233.1± 72.4 216.8 ± 63.0 229.5 ± 73.2 206.3 ± 48.3 195.8 ± 54.7 193.2 ± 49.3 196.4 ± 54.2
TG (mg/dl) 120.1 ± 60.6 124.7± 58.5 130.8 ± 57.5 123.9 ± 58.6 117.7 ± 40.1 137.6 ± 65.1 138.2 ± 60.0 136.5 ± 64.1
HDL-C (mg/dl) 44.4 ± 19.1 46.6 ± 14.6a 41.9 ± 13.7 46.2 ± 15.4b 38.3 ± 10.5 36.6 ± 13.6 36.5 ± 11.3 36.7 ± 13.4
LDL-C (mg/dl) 146.6 ± 66.8 160.9± 66.7 146.6 ± 66.8 158.4 ± 66.7 139.8 ± 41.3 137.0 ± 58.1 131.9 ± 48.2 137.2 ± 57.2
ApoA-I (mg/dl) 130.6 ± 37.7 127.8± 33.4 127.5 ± 33.9 128.3 ± 34.0 98.8 ± 32.6 103.3 ± 25.2 107.1 ± 29.5 103.1 ± 25.4
ApoB (mg/dl) 97.9 ± 42.7 101.7± 38.4 97.9 ± 42.7 101.1 ± 38.9 99.6 ± 19.7 89.6 ± 24.7 91.9 ± 27.1 90.0 ± 24.5
aDenote that the comparison was tested by ANOVA among genotypes, p = 0.035.
bDenote that the comparison was tested for a dominant effect, SS as the reference group, SS versus (CC+CS), p= 0.012.
CAD = coronary artery disease; TC = total cholesterol; TG = triglyceride; HDL-C = cholesterol content of high density
lipoprotein; LDL-C = cholesterol content of low density lipoprotein; ApoA-I = apolipoprotein A-I; ApoB = apolipoprotein B.



The phys i o log i cal role of as so ci a tion be tween
codon 311 poly mor phism of PON2 and the risk of
CAD has not been clar i fied yet. Plasma PON is mostly 
bound to large apoA-I in the HDL par ti cle with out
apoA-II,27 and the cor re la tion be tween PON en zyme
level and apoA-I and HDL-C has been con firmed.28

Navin et al29 sug gested that the lev els of HDL are
highly cor re lated with pro tein lev els of PON, while
ge no type of codon 192 of PON1 is the ma jor pre dic tor 
of the plasma PON ac tiv ity. Mackness et al30 found
that HDL from RR/LL homo zy gotes of PON1 was
least ef fec tive in pro tect ing from the ox i da tive mod i fi -
ca tion of LDL. Sanghera et al24 has found that the
CAD risk as so ci ated with the PON2*S al lele was con -
fined to PON1*R al lele (R al lele of PON1-192 poly -
mor phism) car ri ers. How ever, their anal y ses did not
dis cuss the as so ci a tion of polymorphisms of the
PON1 and PON2  with any trait in volv ing lipid vari -
ables. The pres ence of cysteine at codon 311 in the
PON2 pro tein is pro posed to be re spon si ble for the
cat a lytic ac tiv ity of PON2 in deal ing with the hy dro ly -
sis of ox i dized lipid.31 There fore, the allelic vari a tion
at codon 311 from cysteine to serine may re duce an in -
di vid ual’s in ter nal pro tec tion against ox i da tive mod i -
fi ca tion of LDL. Our data showed plasma level of
HDL-cholesterol in PON2*C car ri ers (CC and CS ge -
no types) higher than in the CAD-free con trol sub jects
of the SS ge no types. Since se rum PON ac tiv ity and
quan ti ta tive data were not avail able in our anal y ses,
we are un able to con firm the cor re la tion be tween the
plasma PON ac tiv ity and the ge no type of codon 311
of PON2. Sanghera et al24 has sug gested that both the
PON1*R al lele and the PON2*S al lele merely act as a
marker for an un known func tional vari ant and are in
link age dis equi lib rium with this func tional mu ta tion
on one of the PON fam ily genes. In sum mary, our
data in di cate that the codon 311 poly mor phism of
PON2 is as so ci ated with CAD in the Chi nese. How -
ever, it is nec es sary to iden tify the as so ci a tion be -
tween this new mu ta tion in PON gene clus ter and the
risk of CAD. Fur ther stud ies on func tional as pects of
Cys to Ser sub sti tu tion in lipid peroxidation are nec -
es sary in or der to ex plore the cor re la tion be tween the 
phe no type of codon 311 polymorphism of PON2 and
the sus cep ti bil ity to CAD.
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