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Background. Paraoxonase (PON), ahighdensity li poprotein (HDL)-asso-
ci atedenzyme,iscapableof inhibitinglow density li poprotein(LDL) ox i-
dation by destroying the biologically activephospholipidsinoxidatively
modified LDL. An increased risk of coronary artery disease (CAD) has
shownto asso ¢i ate with polymorphisms of PON gene (PON1)indif ferent
population. Therisk of CAD associ atedwiththeother PON1-like gene, des
ignated PON2, which has a similar functionandisstructur aly relatedto
PONL, isleast discussed. A pop ulation-based case-control study was con-
ductedtoinvesti gatetheassoci ationbetween CAD andthepolymorphisms
at two com mon codons 148 and 311 of PON2 inthepopulationof Tai wan.
Methods. Totally 364 unrelated, angiographically proved CAD-positive
patients (338 male and 26 female) and 337 unrelated, CAD-freecontrol
subjects (249 male and 88 female) enrolled in this study. Lipids and
lipoproteinsprofileandtheassoci ationof PON2 genotypesandal lelefre-
guencieswereanalyzedinall study cohorts.

Results. The plasmalev elsof HDL-cholesterol and apoA-I were sig nif i-
cantly lower in patients with CAD than in control subjects (both p =
0.0001). Therewasnodif fer enceinthegenotypefrequency distri butionat
codon 148 of PON2 between CAD patients and the controls. However,
age-, sex- and di abetes-adjusted oddsratiosforindi vidualswiththe SSge
no type of the codon 311 poly mor phism (Cys® Ser, PON2*C dlele®
PON2*S allele) showed a 4.6-fold higher risk of CAD (95% CI =
1.6-15.3, p=0.006) they ran. Also, inthecontrol subjects, PON2*Cal Iele
car ri ers (CC and CS ge no types) had higher plasmalev elsof HDL than
caseswiththe SSgenotypes(p = 0.035 and p =0.012, respectively).
Conclusions. Our dataim pli catethat thegenotypicvari ationat codon 311
of PON2 contributestothesuscepti bil ity of CAD inthepopulationof Tai-
wan. [Chin Med J (Taipei) 2002;65:415-421]

I tiswell documentedthat ox i dizedlow density |+
poprotein (LDL) is involved in the pro cess of
atherogenesis.* Clinical studies have found that
high density lipoprotein (HDL) cholesterol and
hypertriglyceridemiahave an essential ef fect onthe
inci denceof cor onary ar tery disease(CAD).? In vitro

studieshavea sodemonstrated that HDL inhibitsthe
cytotoxicity of oxi dized LDL inhumancul turedendo-
thelial and smooth musclecells® and co-cultures of
aortic wall cells.* Serum paraoxonase (PON), a
HDL -associatedenzyme,iscapableofinhibitingLDL
oxidation by destroying the biologicaly active
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phospholipidsinoxi datively modi fiedLDL.> Ani mal
studies have suggested that PON expression may
makeanim por tant contri butiontotheabil ity of HDL
to protect against thedevel op ment of atherosclerotic
lesions®’

Human se rum PON, an arylesterase, isa45 kDa
protein and hydrolyzesabroad range of sub stratesin-
cludingorganophosphates.? Serum PON ismainly as
sociated with a subspecies of HDL containing
apolipoprotein A-l (apoA-l) and apolipoprotein J
(apoJ).® The amount of apo A-I1-PON-apo Jcom plex
in creasesinthewall of human aortawith the pro gres
sionof atherosclerosis. ™

Serum PON activ ity hasbeenfoundto belower in
patientswithmyocardial infarction.* Thereisawide
rangeof activ ity and lev elsof serum PON among hu
man pop ulationsof dif fer ent eth nicbacgrounds.t>*2
The hu man PON gene (called PONL1)isgenetically
poly mor phicinthehumangenome. Theinterindividual
vari ationof PON activity hasshowntoat tributetothe
presence of polymorphic variation of a glutamine
(PON1*Qor *A al lele) to arginine (PON1*R or *B
al lele) at amino acid 192 of thePON1 gene*** TheR
a lele of the codon 192 poly mor phism of PON1 has
shown to be a genetic risk fac tor for ischemic heart
disease.’®1” This common polymorphism has also
been found to be adeter mi nant of the con stric tor ef-
fect of humancoronaryarteriestoserotonin.*® The
other poly mor phism lo cated at amino acid 55 of the
human PON1, which involves an interchange of
leucine (PON1*L al lele) and methionine (PON1*M
alele) has been reportedtoassoci atewith CAD risk
amongdi abetics.™®

Two additional genes homologous to PONL1,
designatedPON2 and PON3, havebeenidenti fied on
humanchromosome7(7921-g22). PON1 hasthe dis-
tinguishingfeatureof threeextranucleotideresi dues
in exon 4 cod ing for amino acid 105 com pared with
PONZ2 and PONS. It has been sug gested that the struc-
turaly related PON2 has a smilar functionasPON1
inthemetab olism of lipidsand lipoproteins.2>2* The
gene variant at codon 148 of PON2 has shown to
worsen glycemia in the native residents of central
Canadaand Pimalndi answithnon-insulindependent
diabetics.?#*How ever, very few studieshavefo cused

ontheassoci ationbetween PON2 poly mor phismand
atherosclerosis. Onerecentreport showedtheassoci a

tion of a poly mor phism at codon 311 (Cys® Ser;

PON2*Ca lde® PON2*Sal lele) inthe PON2 with
CAD in Asian Indians?* We therefore conducted a
alelic-associationstudy toinvesti gatethecor relation of

the polymorphismsat codons 148 and 311 of PON2 with
therisk of CAD intheChi nesepopulationinTa wan

M ethods

Study population

Thestudy subjects, al geneti caly unrelated Chi-
nese, con sisted of 337 control sub jectsand 364 pa
tientswith CAD. Mean agewas 61.5+ 11.8 yearsfor
control subjectsand 66.9+ 8.9 yearsfor patientswith
CAD. Thecontrol subjectswerehealthy vol unteersin
theLipid Survey of Vet eransGenera Hospi tal-Taipel
withno history of CAD, with nor mal electrocar dio-
gram and echocardiography. The patientswith CAD
wereidenti fiedfrom casesad mittedtoCar di ol ogy Di
vi sionof Tai pei Vet eransGeneral Hospi tal for cor o-
nary arteriographic examination. These cases in -
cluded individualssuffering from angina with the
positive treadmill exercise test or Thallium-201
scintigraphic study, and patients scheduled for
percutaneous transdluminal angioplasty or by pass sur-
gery for doc umented CAD. Incaseswith documented
myo car dia infarction, only thosewho had had afull
re cov ery for more than 3 monthswereenrolled. The
sever ity of CAD wasdeter mined by fixed stenoticle-
sonwithlumina narrowing 3 50% in at least one of
themajor or mi nor cor onary ar ter ies. Patientswithei
ther acute or chronicinfectiousdiseasesand malig-
nancy wereex cluded. All indi vidualswithafasting
serum level of tri glyc er ides higher than 300 mg/dl
wereex cluded.

Analysis of lipids and lipoproteins
Blood sam plesmixed with 0.1% ethylenediamine

tetraacetic acid (EDTA) were drawn af ter a 12-hour
over night fastinginall study co horts. Total choles
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terol (TC), thecholesterol con tent of high den sity li-
poprotein (HDL-C) and low density lipoprotein
(LDL-C), andtriglyceride (TG) werean alyzed en zy-
matically usng commercia reagents (CHOP-PAP
Method, Merck Scientific Corporation, Germany).
ApoB andapoAl concentrationsweredeter minedby a
highsensi tivity enzyme-linkedimmunosorbent assay
method (AlerCHEK, Inc., Portland, USA).

Genotyping of DNA

DNA was extracted using standard procedures
fromleukocytes. A mismatch-PCRassay for genotyp
ing the poly mor phism of codon 148 (A [Ala] and G
[Gly] aleles) of the PON2 was carried out as de-
scribed by Mochizuki et al 22 andtheanal y sisof the
codon 311 poly mor phism (S[Ser] and C[Cys] al Ieles)
of PON2 was car ried out as de scribed by Sanghera et
al.2* The primer se quencesfor PON2wereasfal lows:
148-sense AGTGGAAAATTTTTAAATTTGAAGCAG
and 148-antisense TTGTTTGCAAATGCTGGGGAT,;
311-sense ACATGCATGTACGGTGGTCTTATA and
311-antisense AGCAATTCATAGATTAATTGTTA.
Microplate PCR was con ducted with 200 nM of each
dNTP and 1 U of Tag poly mer aseinatotal reaction
vol umeof 20m. Thecy clingcondi tionsfor thedetec
tion of codon 148 poly mor phism of PON2 were4 min
at 94 °Cforinitia denatur ation, fol lowed by 40cy cles
of 1 minat 94 °Cfor denatur ation, 1 min 30 sec at 50
°Cforanneal ingand 1minat 72°Cfor extension. The
cycling conditions for the detection of codon 311
polymorphisms of PON2 were 4 min at 94 °C for ini-
tial denatur ation, fol lowed by 30cy clesof 1 minat 94
°Cfor denaturtion, 1 min 30 sec at 50 °Cfor anneal ing
and 2 min at 72 °Cforextension. All PCRreactions
wereter mi nated withafi nal extensionfor 7minat 72
C. The PON2 polymorphisms were de tected with us-
ingrestrictionenzymes, Fun4HI and Ddel, respec
tively. Thedi gested prod uctsweresep arated using 3%
MetaPhor agarosegel el ectrophoresisandvi sual ized
usingethidiumbromide.

Statistical analysis

Analysis of the frequency to test for Hardy-

Weinberg equi lib riumwasper formed with c2 good-

ness-of-fittest. Com par i son of thegenotypefrequen

ciesbetween CAD casesand controlswascal culated
by c?testusinga2” 3contingencytable. Quantitative
vari ables, including age, body massindex (BMI) and
serumlipidlev elswerecom pared betweenthe CAD

and control groupsby the Student’ st test. Correlation
betweentheserumlevel of lipid profilesand thegeno-

types of individual PON2 genes was examined by

ANOVA.Logisticregressionana y siswasper formed
to evaluate the interactionbetween an individual’s
poly mor phism and other vari ables (such asage and
sex) inrelationtotheprev alenceof CAD. A p value
lessthan0.05wasconsideredsignif i cant.

Results
Clinical data and lipid profile

Thestudy co hort com prised of 364 geneti cally ur-
related patientswith CAD (338 maleand 26 female)
and 337 control subjects(249 maeand 88femae). The
clini cal data, theplasmalev esof thelipidandli popro-
tein vari ablesof patientswith CAD and con trol sub-
jectsareshowedin Table 1. Compared withthe con trol

Table 1. Clinical dataand lipid profile of controls and
patientswith CAD

Controls  CAD patients pvalue

(n=337) (n=2364)
Age (years) 615+11.8 669+89 0.0001
Sex (M/F) 247/90 338/26 0.001
BMI (kg/m?) 244 +3.3 247 +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) 1295+57.5 1389+61.3 0.033
TC (mg/dl) 1946+50.2 2186+65.7 0.0001
HDL-C (mg/dI) 436+144 366+121 0.0001
LDL-C (mg/dl) 1340+50.7 1480+63.1 0.0001
ApoA-I (mg/dl) 1269+ 33.3 1062+28.4 0.0001
ApoB (mg/dl) 914+26.1 9751341 0.0086

CAD = coronary artery disease TC =total cholesterdl;
HDL-C = cholesterol content of high density lipoprotein;
LDL-C =cholesteral content of low density li poprotein;
ApOoA-I = goalipoproten A-I; ApoB = apoalipoprotein B.
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group, indi vidu asinthe CAD group wereolder and
weremorefrequently di abetes(17% ver sus3%), hy-
per ten sion (48% ver sus26%) and cig arettesmok ers
(59.9% versus 38.6%). The control group enrolled

Table2. Distribution of PON2 polymor phismsin
controlsand patientswith CAD

Contrals CAD
Codon 148 (n=328) (n=2344)
Allele
A (Alg 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(Se) 80.5% 84.1%
C(Cy9) 19.5% 15.9%
Genotype
SS 210(66.7%) 254 (69.8%)
Cs 87 (27.6%) 104 (28.6%0)
cc® 18(5.7%) 6 (1.6%)

“Denotes dgnificant difference between CAD cases and
controls, ¢ = 8598 and p = 0.017.

Table3. Calculation of Hardy-Weinber g equilibrium for

PON2 polymorphisms
c? 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

morefemalecasesthan in the CAD group (26.7% ver-
sus 7.1%, p = 0.001). Patientswith CAD showed sig-
nif i cantly higher plasmalev elsof TG, TC, LDL-Cand
ApoB than the control subjects(p = 0.033, p = 0.0001
and p =0.0086, respectively). Onthecontrary, plasma
lev elsof HDL-Cand ApoA-1 weresignif i cantly lower
inpatientswith CAD thanincontrol subjects(bothp =
0.0001).

Polymorphisms of PON2s and their
distribution in patients with CAD and
control subjects

Thedistri butionsof polymorphismsof PON2 in
the patientswith CAD and the con trol sub jectsare
shownin Table 2. At codon 148 of PON2, the distri-
bution pat tern of genotypeandal lelefrequency did
not dif fer between patientswith CAD andthecontrol
sub jects. How ever, at codon 311, the patientswith
CAD had a significantly higher frequency of the
PONZ2*Sal leleand asignif i cantly lower frequency
of the PONZ2*C allele (84.1% versus 80.5% and
15.9% ver sus 19.5%, p = 0.014) than the con trol sub-
jects. The genotype distributions were all in
Hardy-Weinberg equi librium (Table3). Inthe PON2
only model of Table 4, the age-, sex- and diabe
tes-adjusted oddsratios (ORs) for thedevel op ment
of CAD inthePON2* Scar ri ers(both CSand SSge-
no types) was 4.6 (95% CI = 1.6-15.3, p = 0.006). In
the codominant model in Table 5, the risk of
PON2*Sal lelewith sep arate ORsfor CSand SSge-
notypesgavealsosignif i cantfitstothedata(95% CI
=1.7-16.9, p = 0.005 and 95% Cl = 1.6-15.0, p =
0.007,respectively).

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

OR (95% Confidencelnterval); 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(1.01.1); 00001 1.0 (1.0-11); 0.0001
Sex 5.2(3.2-8.9);0.0001 5.3(3.2-8.9); 0.0001 5.4(3.29.3); 00001  53(3.0-8.9); 0.0001
Diabetes 7.0 (34-16.6); 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);0.006° 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

Ageis tested as continuous variable; Sex istested with male asthe ref erence group.
®Dominart effect test with using CC genotype as the reference group, CC versus CS plus SS.
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Association between lipids profile and
genotypes

Genotypesof codon 311 poly mor phism of PON2
onany quanti tativetraitsof lipidandli poproteinvari-
ables are showed in Table 6. Control subjects who
were PON* C car ri ers (CC and CSgeno types) had a
sig nif i cantly higher plasmalevel of HDL than cases
withtheSSgenotype(p =0.035and p=0.012, respec
tively).

Discussion

Osei-Hyiaman et al® reported that PON1-192
poly mor phism may beanindependent risk factor for
CAD in the Chinese type 2 diabetes. As found by
Sangheraet al?*the PON1-192 poly mor phismisasig

Table5. Codominant model of risk of CAD for the S
alleleat codon 311 of PON2

OR (95% Cl) pvalue
Sex 5.3 (3.2-9.0) 0.0001
Age 1.0 (10-1.1) 0.0001
Diabetes 8.7 (40-21.8) 0.0001
Codon 311/CS 5.0(1.7-16.9) 0.00%4
Codon 311/SS* 45 (1.6-14.9) 0.0074
“Denote genotypes of codon 311.

nif i cantrisk factor of CAD inAsialndi ans, but notin
the Chi neseof Singapore. Ko et al?® and our data (not
shown) bothindi catethat codon 192 poly mor phism of
PONL1isnot associ ated with CAD inthe Chi nesesub-
jectsinTa wan.

Inthe PON genefamily, thestructur ally related
PON2hasasimi lar functionasPON1 in the metab-
olismof lipidsand lipoproteins. Itisac cord ingly
very likely that PON2 may play anessential rolein
the susceptibility of CAD. The geneticpoly mor-
phism at condon 148 of PON2 has been re ported to
beadeter mi nant for fast ing hyperglycemiain sub-
jectswithtype2 di abetics.?? Sanghera et al** in di-
cated that polymorphisms of both codon 192 of
PON1 and codon 311 of PON2 synerqgisti cally con
tributeto CAD riskintheir sam ples. Our datafound
that therewasno asso ci ation betweenthecodon 148
poly mor phismof PON2 and CAD in the study sub-
jects. Nev er theless, thecodon 311 poly mor phism
(Cys® Ser) of PON2isassoci atedwithCAD inthe
Chi nesepopulationof Tai wan. Inthepresent study,
PON2*Sal leleisasignifi cantrisk factor of CAD
andisdomi nant with both the SSand CSgenotypes
(OR =4.6) being asso ci ated with CAD when com-
pared withthe CC genotype. Nev er theless, our data
foundthat di abetes did not af fect theassoci ationbe
tween codon 311 poly mor phism of PON2 and the
risk of CAD.

Table 6. Associations between codon 311 polymor phism of PON2 and lipid variablesin control subjectsand patients

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

CC Cs SS CC+CS CcC Cs SS CC+CS

(h=18 (n=87) (n=210) (n=105) (h=6) (n=109) (n=254) (n=109)

Age (yeas) 60.1+124 593+121 622+119 595+121 711+62 671+87 666+86 67.3+87

BMI (kg/nf) 231+33 237+29 245+34 243+33 240+45 245+33 247+34 245+33
TC (mg/dl) 2119+765 2331+724 2168+630 2295+732 2063+483 1958+54.7 1932+493 1964+54.2
TG (mg/dl) 1201+60.6 124.7+585 1308+575 12394586 117.7+40.1 137.6+65.1 1382+60.0 1365+64.1
HDL-C(mg/dl) 444+191 466+146® 419+137 462+154° 383+105 366+136 365+113 367+134
LDL-C(mg/dl) 1466+66.8 160.9+66.7 1466+66.8 1584+66.7 139.8+41.3 137.0+58.1 1319+482 137.2+57.2
ApoA-l (my/dl) 130.6+37.7 127.8+334 1275+339 1283+340 988+326 1033+252 1071+295 1031+254
ApoB (mg/dl) 97.9+427 101.7+384 979+427 101.1+389 906+197 89.6+247 919+271 9001245

Denctetha the compari son was tested by ANOVA among genotypes, p = 0.035.

*Denote that the comparison wastested for adominant effect, SS as the reference group, SSversus (CC+CS), p= 0.012.

CAD = coronary atery disease; TC = total cholesterol; TG = triglyceride; HDL-C = cholesterol content of high density
lipoprotein; LDL-C = chol esterol content of low density lipoprotein; ApoA-I = apolipoprotein A-I; ApoB = apolipoprotein B.
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The physiological role of association between
codon 311 polymorphism of PON2 and the risk of
CAD hasnot beenclar i fied yet. PlasmaPON ismostly
bound to large apoA-1 in the HDL parti clewithout
apoA-I11, andthecor relation between PON enzyme
level and apoA-I and HDL-C has been confirmed.?®
Navin et al®® sug gested that the lev els of HDL are
highly cor related with proteinlev elsof PON, while
genotypeof codon 192 of PON1isthemajor predictor
of the plasmaPON activ ity. Mackness et al*® found
that HDL from RR/LL homozygotes of PON1 was
least ef fectiveinprotectingfromtheoxi dativemodi f
cation of LDL. Sangheraet al** has found that the
CADriskassoci atedwiththePON2*Sal |elewas con
fined to PON1*Ral lele (R a lele of PON1-192 poly-
mor phism) car ri ers. How ever, their anal y sesdid not
discuss the association of polymorphisms of the
PONL1 and PON2 with any trait in volv ing lipid vari-
ables. The pres ence of cysteine at codon 311 in the
PON2 proteinispro posedtoberesponsi blefor the
catalyticactivity of PON2 indeal ingwiththehy droly-
sisof oxi dizedlipid.* Therefore, theallelicvari ation
at codon 311 from cysteineto serinemay reduceanin-
dividual’ sinter nal protectionagainstoxi dativemodi
fication of LDL. Our data showed plasma level of
HDL -cholesterol in PON2*C car ri ers(CCand CSge
notypes) higher thaninthe CAD-freecontrol subjects
of the SSgenotypes. Sinceserum PON activ ity and
guanti tativedatawerenot avail ableinour anal y ses,
weareun ableto confirmthecor relationbetweenthe
plasmaPON activ ity and the ge no type of codon 311
of PON2. Sanghera et al?* has sug gested that both the
PON1*Ral Iedeandthe PON2* Sal lelemerely act asa
marker for an unknownfunctional vari antandarein
link agedisequi libriumwiththisfunctional mutation
on one of the PON family genes. In sum mary, our
datain di catethat the codon 311 poly mor phism of
PON2isasso ci ated with CAD inthe Chi nese. How-
ever, it is necessary toidentify theassoci ationbe
tweenthisnew mutationin PON genecluster andthe
risk of CAD. Fur ther studiesonfunctional aspectsof
Cysto Ser sub sti tution inlipid peroxidation are nec-
essaryinor dertoex plorethecor relationbetweenthe
phenotypeof codon 311 poly morphism of PON2 and
thesusceptibilitytoCAD.

Acknowledgements

Thiswork was sup ported by grant from the Na-
tional Science Council, ROC (Grant No. NSC
89-2314-B-075-022). The authors wish to express
their grati tudetoMs. Y uan-ChihLiufor her assistance
instatisti calana ysis.

References

1. Berliner JA, Navab M, Fogelman AM, Frank JS, Demer LL,
EdwardsPA, et al . Atherosclerosis: basicmechanism. Ox -
dation, inflammation and genetics. Circulation1995;91:
2488-96.

2. Assmann G, SchulteH. Tri glyc er idesand athersclerosis: re-
sultsfromthe Pro spective Car diovascular Mun ster Study.
Atheroscler Rev 1991;22:51-7.

3. Hessler JR, Robertson AL, Chisolm GM. LDL-induced
cytotoxicity anditsin hi bi tionby HDL inhumanvascular
smoothmuscleandendothelial cell incul ture. Atherosclerosis
1979;32:213-29.

4. Navab M, Imes SS, Hama SY, Hough GP, Ross LA, Bork
RW, et al .Monocytetransmi grationinducedby modi fi cation
of LDL in co-cultures of hu man aor ticwall cellsisduetoin-
duction of MCP-1synthesisandisabol ished by HDL.JClin
Invest 1991;88:2039-46.

5. Wat son AD, Ber liner JA, Hama SY, LaDu BN, Faull KF,
Fogelman AM, et al. Protectiveef fect of highdensity li po-
proteinassoci ated paraoxonase. I nhi bi tionof thebi ologi cal
activity of minimallyoxidized low densitylipoprotein. J
Clinlnvest 1995;96:2882-91.

6. ShihDM, GuL, Hamas, XiaYR, Navab M, Fogelman AM,
et al. Genetic-dietary reg ulation of serum paraoxonase ex-
pres sion and its role in atherogenesis in a mouse model. J
Clinlnvest 1996;97:1630-9.

7. ShihDM, GuL, XiaYR, Navab M, Li WF, Hama S, et al.
Mice lacking serum paraoxonase are susceptible to
organophosphat etoxcity andatherosclerosis. Na ture1998;
394:284-7.

8. La Du DN. Human serum paraoxonase/arylesterase. In:
Kaow W, ed. Pharmacogeneticsof DrugMetabolism. New
Y ork: Pregamon Press, 1992:51-91.

9. Blatter MC, James RW, Messmer S, Barja F, Pometta D.
Identi fi cation of adistinct humanhigh-density li poprotein
subspecies defined by a lipoprotein-associated protein,
K-45. Iden tity of K-45 with paraoxonase. Eur J Biochem
1993;211:871-9.

10. Mackness B, Hunt R, Durrington PN, Mackness MI. In-
creased immuno-localization of paraoxonase, clusterin, and
apolipoprotein A-l inthehumanar tery wall withtheprogres



September 2002

PON2 Gene Poly mor phism Linksto CAD inTai wan 421

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

sion of atherosclerosis. Arterioscler Thromb Vasc Biol
1997;17:1233-8.

McElveen J, Mackness MI, Colley CM, Peard T, Warner S,
Walker CH. Distri bution of paraoxonase hydrolyticactiv ity
in the serumof patientsaf ter myocar dia infarction. Clin
Chem 1986;32:671-3.

Furlong CE, Richter RJ, Seide SL, Motulsky AG. Roleof ge
neti cpoly mor phism of hu man plasmaparaoxnase/arylesterase
inhy droly sisof theinsecti cidemetaboliteschlorpyrifosand
paraoxon. Am J Hum Genet 1988;43:230-8.

Roy AC, SahaN, Tay JSH, Ratham SS. Serum paraoxnasein
three populations of Southeast Asia Hum Hered 1991;
141:265-9.

Humbert R, Adler DA, Disteche CM, Hassett C, Omiecinski
CJ, Fur long CE. Themo lec ular basis of the human serum
paraoxonaseactivity poly mor phism.Nat Genet 1993;3:73-6.
AdkinsS, GanKN, Mody M, LaDuBN. Molecular basisfor
thepoly mor phicformsof humanserum paraoxnase/arylesterase:
glutamineor arginineat posi tion 191, for therespectiveA or
B allozymes. Am J Hum Genet 1993;52:5598-608.

Ruiz J, Blanché H, James RW, Blatter MC, Charpentier G,
Morabia A, et al. The poly mor phism (GIn-Arg192) of the
high-density |i po pro tein-bound en zyme paraoxonaseisan
independent cardiovascular risk fac tor in non-insulin de-
pendent di abeticpatients. Lan cet 1995;346:869-72.

Serrato M, Marian AJ. A variant of human
paraoxonase/arylesterase (HUMPONA) geneisarisk fac tor
for cor onary heart disease. J Clin Invest 1995;96:3005-8.
Bauters C, Amant C, Boulier A, Carbrol P, McFadden E,
Duriez P, et al. Paraoxonase poly mor phism (GIn192Arg) asa
deter mi nant of theresponseof humancoronary arteriestose
rotonin. Circulation 2000;101:740-3.

Blatter MC, James RW, Dussoix P, Blanché H, Passa P,
Frogue P, et al. Paraoxonase poly mor phismMet-Leu54is
associ atedwithmodi fied serum con centrationsof theen
zyme. A possi blelink between the paraoxonasegeneand in-
creasedrisk of car diovascular diseaseindi abetes.J Clin In-
vest 1997;99:62-6.

Primo-Parmo SL, Sorenson RC, Teiber J, LaDu BN. The hu-
man se rum paraoxonase/arylesterase gene (PON1) is one
mem ber of multigenefamily. Genomics 1996;33:498-507.
MacknessMI, Harty D, Bhatnagar D, Winocour PH, Arral S,
IsholaM, et al. Serum paraoxonaseactiv ity infamil ial hy-
per cholesterol emiaandinsulin-dependentdi abetesmellitus.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Atherosclerosis1991;86:193-9.

Hegele RA, Connelly PW, Scherer SW, Hanley AJ, Har ris
SB, Tsui LC, et al. Paraoxonase-2 gene (PON2) G148 vari ant
associatedwith @ evated fast ing plasmaglu cosein nonsinsulin-
dependent diabetes mellitus. J Clin Endocrinol Metab
1997;82:3373-7.

Mochizuki H, Schere SW, Xi T, Nickle DC, Majer M,
Huizenga JJ, et al. Hu man PON-2 gene at 7921.3: cloning,
mul ti ple mRNA forms, and missense polymorphismsin the
coding sequence. Gene 1998;213:149-57.

Sanghera DK, Aston CE, Saha N, Kamboh MI. DNA
polymorphisms in two paraoxonase genes (PON1 and
PON2) areassoci atedwiththerisk of cor onary heart disease
Am J Hum Genet 1998;62:36-44.

Osei-Hyiaman D, Hou L, Mengbai F, Zhiyin R, Zhiming Z,
KanoK. Cor onary ar tery diseaserisk in Chi nesetype2di &
bet ics: isthere arole for paraoxonase 1 gene (Q192R) poly-
mor phism?Eur J Endocrinol 2001;144:639-44.
KoYL,KoYS, Wang SM, Hsu LA, Chang CJ, ChuPH, etal.
The GIn-Arg 191 poly mor phism of the hu man paraoxonase
gene is not associated with the risk of coronary artery.
Athersoclerosis 1998;141:259-64.

Furlong CE, Richter R, ChaplineC, Craab JW. Puri fi cation
of rabbit and human serum paraoxonase. Biochemistry
1991;30:10133-40.

Blatter-Garin MC, Abbott C, Messmer S, Mackness M|,
Durrington P, Pometta D, et al. Quanti fi cationof humanse
rum paraoxonase by en zyme-linked immunoassay: pop ula
tion differences in protein concentrations. Biochem J
1994;304:549-54.

Nevin DN, Zambon A, Fur long CE, Rich ter RJ, Humbert R,
Hokanson JE, et al. Paraoxonase genotypes, lipoprotein
lipase activity, and HDL. Arterioscler Thromb Vasc Biol
1996;16:1243-9.

Mackness B, Mackness M1, Arrol S, Abbott C, Turkie W,
Durrington P. Ef fect of the hu man serum paraoxonase 55 and
192 genetic polymorphisms on the protection by high-
densityli poproteinagainstlowdensity li poproteinoxi dative
modification. FEBSLetters 1998;423:57-60.

Augustinsson KB. Theevolution of esterasein ver tebrates.
In: van Thorai N, Roche J, eds. Homol ogousEnzymesand
Biochemical Evolution. New York: Gordon & Breach,
1968:299-311.



