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Polymorphism of D320N locus in PCSK9 gene of patients with coronary heart disease and its clinical
significance
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[Abstract] Objective To explore the relationship between D320N locus polymorphism in proprotein convertase
subtilisin/kexin type 9 (PCSKY9) gene and coronary heart disease. Methods A total of 3 450 patients with coronary heart
diseases (angina pectoris, myocardial infarction, asymptomatic myocardial ischemia, ischemic cardiomyopathy, and sudden
death), who were treated in Hebei General Hospital from Jan. 2014 to Jan. 2016, were enrolled as the case group, with 1 100
healthy people in the same period served as controls. Serum lipid levels and PCSK9 concentrations of subjects in the two
groups were detected. PCR assay combined with DNA direct sequencing method was applied in genotyping of D320N (A/G)
polymorphic locus in PCSK9 gene. Logistic regression analysis was used to analyze the relationship between D320N locus
polymorphism in PCSK9 gene and different types of coronary heart diseases. Results Serum concentrations of PCSK9,
levels of total cholesterol, triacylglycerol and low density lipoprotein cholesterol, ratio of coronary heart disease family, and
ratio of smoking of subjects in the case group were significantly higher than those in the control group (P<<0.001), while the
level of high density lipoprotein cholesterol was significantly lower than that in the control group (£<<0.001). The frequencies
of genotype AA and GA in the case group were 3.6% and 13.9%, respectively, which were significantly higher than those in
the control group, respectively (1.1%, 7.0%; x°=20.502, 39.646; P<<0.001); the frequency of allele A in the case group was
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significantly higher than that in the control group (10.5% vs 4.6%, y’=70.481, P<<0.001). The frequencies of genotype AA,

genotype GA and allele A were the highest in the sudden death group, and were the lowest in the asymptomatic myocardial

ischemia group. Logistic regression analysis showed that genotypes AA and GA of D320N (A/G) polymorphic in PCSK9

gene were risk factors of coronary heart disease (both £<<0.001). Conclusion The D320N (A/G) locus polymorphism

in PCSK9 gene was associated with coronary heart disease, and genotype AA may be an independent risk factor of coronary

heart disease.

[Key words] proprotein convertase subtilisin/kexin type 9; gene polymorphism; coronary atherosclerotic heart disease; lipid

Wit 5 3 [ A 2k 20 AU o A T s, e
Ji (coronary heart disease, CHD ) f{) & 4= R AWt
FHE, CRChFE S 0o ) & A S
O w2 R R o AR
HOARSE A, AAS B R 2R 5416 9 ( proprotein
convertase subtilisin/kexin type 9, PCSK9 ) FE[H
ZE A5 T 5 i I G AR, 8 HE S0k ok A A AL B
. BAHPIIE R PCSK9 %5 12 4NE T E670G fif
MR SRR, (HERTA X PCSK9 3L
D320N 5560 17 1 & /D W, o ABF g s 1
PCSK9 JE[H D320N FARTE e L £ 5 S A o R
oA 225, [RIRFRI 1 I0YE PCSK9 WY
Ak, BIERINZN SRR S ORI &R

1 #ERINFE

1.1 #Ar7sb % EHL 2014 4F 1 & 2016 45 1 H
FEW AL N REEBET 128012 S AT Bt 0 s BB
3450 il s ldaL, e gk shk CT 5%
TR Bk G2, IR BEC PR B DT 2 ek
DR SR B E 2 047 1], 4FHE 29~74
%, FH) (48.9410.2) % k1403 f, 4Fk
31~74 %, V¥ (50.2+410.3) %, [6H}EEE
1 100 24 [F) e B AACRG: 25 S X HRZH, PRSI 4RIt S
IV, HEBRIF & . FREfL . B BN LE
BAE . BIIREA A SIS . T A
BB BN R E, AR IE AR EB
TR FRZE 5y 2 W AL UE

1.2 & kE ABREFREE#HKIG 7 mL, H
H 2 mL # A EDTA-K, B, R51/5—80 C 1+
£, FTHREGEHA DNA, 54h 5 mL AL
HEHE 30 min, 1 760Xg B0 15 min 4B 1005, &
T—20°C PURRAE, FTR i o s KA
PCSK9 ¥
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i, {84 Beckman AUS821 4= F g4 AL AT {30 22
I35 5 EVIHEEE (total cholesterol, TC) . =it
i (triacylglycerol, TG ) . %5 B i 8 (1 IH & i
( high-density lipoprotein cholesterol, HDL-C ) .
K% P2 BR 25 F AR [#E B2 ( low-density lipoprotein

cholesterol, LDL-C) MJ7KF-,

1.4 $hEfe i PCSK9 K E e #m A
PCSK9 ELISA if# % (96T; KA1072, Abnova /A
Al, EE ), USRI B EOREE, R
T, MIEARAR 1 100 BB . M
5 2 E<1.96%, MrlAlE R 2 40<4.32%, fntsEl
R R 94.23%, KnlllVEFE ok 0.16~10.00 ng/mL, fx
IAG HHBR A 0.154 ng/mL, JHHBRR Bebrif ih 2
bR e e, Al B 2 B 4 E ShEEbRAY (Bt
Hamilton 23 ) ) #6045 MU FEASTE 450 nm AbAY%
SR, A PCSK9 He¥

1.5 PCSK9 # B D320N 4.8 % 5B 54 KA
PCR+ HA4ZEM TR PCSK9 KL% 6 4M i T-1Y
FEE P, X} D320N 13 i 28T 08T

1.5.1 ®REIAE K EH RERNEAZFNELEA
DNA Bt EDTA-K, #i#E1fl. 400 uL, %18 TIANamp
Genomic DNA kit [fil7&/Z0 /2145 K 41 DNA $#2
Bk & [0, DP304; KARARHE (db
50 AR R B AR R EEUE P 4] DNA,

1.52 PCR M EMEERFE NMAEYEK
f Primer 6.0 &it51¥/F5, L 5’ -AAA GGG
GAG CAG GTC TCC C-3', Fiif 5' -GCC CGC
CCT CCC TCC GCC CTC CG-3' . RMNEZ:
1 X PCR 2 5 uL, 2.5 mmol/L MgCl, 2 uL, 200
umol/L dNTP ( dUTP : dTTP=1:9) 2.5 uL, 200
umol/L |, U544 5 ul, 5 U KOD plus ( Pfu
DNA R4, HA Toyobo 247 ) 2 uL, HEFx
DNA 5 pL, NJCH7K§E 50 uL WARR . HH
Mastercycler” gradient PCR Z3H71{Y ( [ Eppendorf



53] SR, 2. LR PCSKY L D320N {3 05 225 K Ll PR S

e 203 -

ovE) AT B ZAME: 20 °C 10 min 24
u-DNA; 95 “C 10 min #J4HAEIE; 95 'C £ 30's,
59 C Bk 30s, 72°C P4 30s, I35 KIEH;
72 °C 10 min, 3Gt 1.5% SRR HEEERE H vk
HATIHIE

1.53 BH¥EBRFH 24 WA 3730XL 2 A3
DNA Y ( 36 ABI A F]) M2 HARKER A5
G, IERPT T D4R H DNAMAN
A (v6.0.3.99 ALAR ) 5 GenBank, EMBL,
DDBJ ¥ [ PR A7) PCSK9 LN 75 #E 4T L
XF, AR X ARAS 8 2 S0 0 AR 67 1o

1.6 %its 4 R SPSS 16.0 BAATHI2F
I3HT e HHRVEORI X5 TR, ANFEYLENIE RIS bR
WK ¢ R gnsl F s THECRORILLUE 0 %6 5R
N, YRIELECRA o K. HHRRERMEZHE
logistic [MJA43 47 PCSK9 K D320N 2878 5 A
AV Z KR KgAK (a) K 0.05,

2 # R

2.1 BAPER AR EFGEN SR SA
B MOS0 . O IUEERE . JERER M AL
178 11 1118 TINS5 W4/
HEPE 1182 ] (58.0% ) . 2t 857 4] (42.0% )
O NUESEZH F5 1% 207 41 (59.8% ) . & 139 4

(40.2% ) ; JoAEARMEC LB M2 5 PE 362 i
(60.8% ) . Zcth 233 1] (39.2%) 5 GRIMPECHLE
HBME 274 6] (62.1%) . Lotk 167 B (37.9% )

PEBLA B M 22 #H (75.9%) . Lt 7 #i
(24.1%) o fEEFEXRAH M 657 i (59.7%) .

7Pk 443 B (40.3% ) o FALRIPEG 2 5 g2
B (=688, P>0.05) . DLIFHBEFHE
ok (49.3+83) % LHUMESEL (48.6+9.1)
A TR LRI ZE (50.34£9.7) % . St
DHAEAL (50.2+£9.3) % BALAH (49.4£9.6)
% {EFERTIAZ (49.74+10.2) %, KHNAER 2
BTGB L (F=2.525, P=0.058) .

22 B fiEK-F . PCSK9 RE  HXTHRA
HILE, 4 05 PCSK9 #E M TC. TG.

LDL-C /K537, 00 205 5 1 2B L i Fn
WA AL TR, HDL-C /KRR (P<<0.001)

MR 22 7 g8 L (P>0.05) o %
TCAER M LB 2 . SRl . SO U
4 O HUVRESEA R FEC A B, 4540 R 1T
PCSK9 #JE ) TC., TG. LDL-C /K, TOE%
T S FR 3 LA S R 8 T e, Tl HDL-C /K-
BWREML (P<0.001) 5 TKIERAEA AR 22 7080
e E Y (P>0.05) . W1,

® 1 fRGIAFERXRAEMFMAEK TR PCSK9 iR BRI L
Tab 1 Comparison of serum lipid levels and PCSK9 concentrations of subjects between case and control groups
Group N PgiK9a *be TG’ HDL-C’ LDL-C*  Family history of ~ Smoking ~ Drinking
xts xxs xts x*ts x*ts CHD n (%) n (%) n (%)
Case group (total) 3450 37744715 490+0.89 1.82+0.62 1.03+0.27 3.04+0.47 1055 (30.5) 1049 (30.4) 1467 (42.5)
SMI 595 32784584 4.48+0.64 1514027 1.21£029 2.58%+0.41 135 (22.7) 157 (26.4) 251 (42.2)
Angina 2039 370.3+63.5 491+053 1.68£0.26 1.08+£0.27 3.06%+0.49 612 (30.0) 591 (29.0) 869 (42.6)
IC 441 413.6+£719 5.0940.46 2254041 0.89+021 3.1740.59 151 (34.2) 150 (34.0) 185 (42.0)
MI 346 446.1+68.7 525+041 2574038 0.691+022 3.39+0.55 142 (41.0) 138(39.9) 149 (43.1)
SD 29 524.1+63.9 575%£0.73 2874046 0.41+0.16 4.03£0.62 15 (51.7) 13 (44.8) 13 (44.8)
Fly? value 285.212 147.468 1230.472 327.608 188.980 44.484 26.742 0.199
P value <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 0.995
Control group 1100 1283+472 341+051 1.17£0.25 1.42+0.25 1.514+0.29 108 (9.8) 309 (28.1) 468 (42.5)
1y’ value 108.267 52.826 5.482 —42.454 101.952 188.950 70.742 0.000 2
P value <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 0.988 9

“ pgl(ng e mL™"); °: ¢p/(mmol « L™Y). PCSK9: Proprotein convertase subtilisin/kexin type 9; SMI: Silent myocardial ischemia;
IC: Ischemic cardiomyopathy; MI: Myocardial infarction; SD: Sudden death; TC: Total cholesterol; TG: Triacylglycerol; HDL-C:
High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; CHD: Coronary heart disease
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23 PCSK9 A H% 6 4P 2F D320N 42,5 % A H
Ha) 5 gk PCR F=aiifk 5 i) Ry 45 5 i

PEEN, A 3 FhEERAL . AA (R4S T) .
GA (R4 ) . GG (BFAR) o LK 1.

/R, PCSK9 E:[H D320N i sifi (e G Al A Pifhss
GG genotype GA genotype AA genotype
CCGGCAACTTICCGG[GACGATGCCTIGCC CCGGCAACTTCCGGARAACGATGCCTGCC||CCGGCAACTICCGGRACGATGCCTGCC
CCGGCAACTTCCGG|GACGATGCCTGCC|[CCGGCAACTTCCGGIGACGATGCCTGCC|[CCGGCARCTTCCGGRIACGATGCCTGCC
| | | i
/¥)| | \ y {\, |
) aiin A
1 PCSK9 R D320N L m £AMERIKER
Fig1 D320N locus polymorphism in PCSKY gene
PCSKO9: Proprotein convertase subtilisin/kexin type 9
2.4 FREERGCHEAFERATEA PCSK9 WD HIHN 9.0% . 20.8%, A SFAL R AR

AR D320N 125 % A LA A fo 54545 B m
FoA JRGIHT AA. GA BIREIBU RN
3.6%. 13.9%, 43l TXTEAR 1.1% . 7.0%
(%>=20.502, 39.646; P<<0.001) ; JfilzH
A SRR AN 10.5%, & TR IRA 4.6%
('=70.481, P<<0.001) . ¥EAE4h AA, GA (¥
FEPR BRI N 17.2% . 34.5%, A SRty
WK 34.5%; DNUEIEAH AA . GA [FIFEH Y

19.4%; SR MO WURA 535008 5.9% . 16.8%
M 14.3%; OZRA P08 2.9% . 13.0% i
9.4%; JCAEARMECO LB ML 2518 2.4% . 9.6%
o 71% . FTCRER P WLBR M2 . O 2 41
SO LR AL O WUEEZE ZH K PR AE 20 IR
AA . GA BIFEFARUTR LK A S50 3R A AR 1y
BT R, FRARA P s, T JCRE R O WL 4
i (P<<0.001) . W52,

*2 FOIASEEXEA PCSK9 £E D320N I A S EMNERB LR EFE
Tab 2 Frequencies of genotypes and alleles of D320N locus polymorphism in PCSK9 gene in case and control groups
n (%)
Group N Genotype Allele
GG GA AA G A
Case group 3450 2849 (82.6) 478(13.9) 123 (3.6) 6 176 (89.5) 724 (10.5)
Silent myocardial ischemia 595 524 (88.1) 57 (9.6) 14 (2.4) 1105 (92.9) 85(7.1)
Angina 2039 1715 (84.1) 265 (13.0) 59 (2.9) 3 695 (90.6) 383 (9.4)
Ischemic cardiomyopathy 441 341 (77.3) 74 (16.8) 26 (5.9) 756 (85.7) 126 (14.3)
Myocardial infarction 346 243(70.2)  72(20.8) 31 (9.0) 558 (80.6) 134 (19.4)
Sudden death 29 14 (48.3) 10 (34.5) 5(17.2) 38 (65.5) 20 (34.5)
¥’ value 48.249 65.944 122.077
P value <<0.001 <0.001 <<0.001
Control group 1100 1011 (91.9)  77(7.0) 12 (1.1) 2099 (95.4) 101 (4.6)
¥’ value 39.646 20.502 70.481
P value <<0.001 <<0.001 <<0.001
2.5 %A & logistic MBS AR Ldiw  F=2, 60~69 % =3, =70 &#=4) . TC K},

(=0, H=1) NHNEH,

DS (=1, &=

2) | A (<40 =0, 40~49 %=1, 50~59

TG /KF-. LDL-C /KF-, HDL-C /K-, PCSK9 #eJE |
PCSK9 %:[H D320N i f3EHH (GG=0, GA=1,
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AA=2) NAZEEFT logistic [T/, 4558 ER
PCSK9 FE[H D320N {175 GA . AA FERFI K560
o M EE AR RE N B R (P 1<<0.001) , R

AA FEIRIF A 250 5 [R5 5 U T E P R V) A
x, WHE3,

£ 3 BOREEEERM logistic EFS &R

Tab 3 Logistic regression analysis of risk factors for coronary heart disease

Variable B SE Wald df P value OR (95% CI)
Age 0.264 0.136 3.768 4 0.059 1.302 (0.869, 1.731)
Gender 0.223 0.201 1.238 1 0.237 1.249 (0.383, 1.747)
TC 0.227 0.142 2.555 1 0.103 1.254 (0.795, 1.638)
TG 0.047 0.052 0.817 1 0.715 1.048 (0.731, 1.297)
HDL-C —0.380 0.221 2.954 1 0.084 1.462 (0.839, 1.945)
LDL-C 0.458 0.217 4.453 1 0.076 1.581(0.919, 2.118)
PCSK9 0.483 0.382 1.599 1 0.081 1.621 (0.827,2.321)
Genotype 2

GA 1.721 0.484 12.643 1 <<0.001 5.590 (2.521, 12.436)

AA 2.569 0.577 19.823 1 <0.001 13.053 (5.874, 23.697)

TC: Total cholesterol; TG: Triacylglycerol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein

cholesterol; PCSK9: Proprotein convertase subtilisin/kexin type 9; SE: Standard error; OR: Odds ratio; CI: Confidence interval

3 3t 8
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HIMARACF A2 I, et Coda G0 L 1 L]
WG IN, UESLEAE N R S0 A K.

PCSK9 55 /I [EBEARI 3 DIAHSC, 6% i ]
TARZ NS E 13216 (LDLR ) S5 04 PR k5.0
SR HE RN ARG K B B4 R IfE PCSKO
W TR, HHARRET AT BB
FEARIZE RIS I, PCSKO YRFETESRAEL . O L

FEFEAL . SRR . OSRAL . TCIERPE L
LR L2 Pz BRI, 2B PCSK9 ¥k n] REXS 1T
e ORI TS —EH .

HHFFE IR PCSK9 FEH LM 570008 1 &
A KT A RTIIEST & 3R PCSK9 JEH I
D320N 275 24 | i A [ E i 4 B R 2 —B g
I L AL A e O Y TR B R PR 2, TS
T U I SR 1A O AR UL AR . PCSK9 FE[RIAif
FYOIR 1p33~p34.4, &K 3617 3L, Zmid
12 MR, D320N i gifi T PCSK9 KL gty
FIR AR, 20 8 R AR R AR s AR PCSKY
LT RE . ASWF9E o, FRGILih AA. GA 1
FEPR RIS 2 T X REAL, A SR KR AR A
TR PR B RSB 2, e
AA | GA HYFERIBUARA A S50 3 PR I
R R A FEAT AN il O WL AL . O8R4,
TeEARAEC LR 2 Bk, W] PCSK9 KR 587
A BB e i 1 I T AR A G, 2 E logistic
TR, GA. AA FERRIS 50 1) & A Al
RIEBEYIFC, SR i fEp N &

Zi bk, PCSK9 KEH D320N A3 1 28748 5 ied
ORI KA . RIEEYIFDG, S5 O & A I H 2
fakr Pz, (HEAUREA TS Zrhoiis
TLAUESE
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