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Proprotein convertase subtilisin/kexin type 9 as a new target of anticholesteremic agent: an update
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[Abstract| Statins are mainly used to reduce the content of low-density lipoprotein-cholesterol (LDL-C) and to
prevent cardiovascular disease, but its clinical efficacy and the tolerance of body are still uncertain. Human proprotein
convertase subtilisin/kexin type 9 (PCSK9), a member of pre-protein convertase family, is mainly produced in the liver
and then released into blood, and plays an important role in regulating plasma LDL-C levels by promoting the degradation
of low-density lipoprotein receptor (LDLR) in the liver. Both gain-of-function- and loss-of-function-mutation of PCSK9
have great impact on circulating LDL-C levels and the risk of cardiovascular diseases. Statins can up-regulate the
expression of PCSK9 through negative feedback regulation by decreasing hepatic cholesterol. As a result, PCSK9 can
reduce the efficiency of statins by promoting the degradation of LDLR; therefore inhibiting PCSK9 is expected to be an
effective treatment for hypercholesterolemia. In this paper we reviewed the function of PCSK9 in cholesterol metabolism
and its clinical application.
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Bt 2575 FHBT I R H [E B2 . AT B 7%
1k B M O Z 9 ( proprotein convertase
subtilisin/kexin type 9, PCSK9) f&— Ff 3 A& B &9 Aif
T E %% fL B (proprotein convertases, PCs) , A {i i#
X % & g 8 H % & (low-density lipoprotein
receptor, LDLR) [ fi#. M 1 f# 1l LDL-C F &,
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2.

1 PCSK9 M5 FEMFEM

2003 4, Seidah 2515 4 % B PCSK9 3L, It
JG AR > Abifadel 251 & B PCSK9 78] S8 K
P v BA [E BE off A . PCSK9 J& F PCs, PCs & —2%
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LDLR 4564 J5 N v 2 AR B ) 78 T AR b i
iR AP & R, A TGN 42 4 W 25 40 it e
(1) PCSK9 5 LDLR 740 N 454 E A0 1l 14
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Fig 1 Regulation of hepatic LDLR expression by PCSK9

The major part of circulating LDL-C is removed from the plasma by hepatic uptake. which is mediated via transmembrane LDLR that internalizes

bound LLDL particles by endocytosis; PCSK9 undergoes intramolecular autocatalytic processing in the endoplasmic reticulum to form a prodomain

and mature PCSK9. And then autocatalytic prodomain closely attaches to the catalytic domain of PCSK9. PCSK9 is secreted in plasma, where it

binds the epidermal growth factor-like domain of the LDLR. The LDLR-PCSK9 complex in both intracellular and extracellular PCSK9 is directed

to lysosomal degradation. LDL: Low-density lipoprotein; LLDL-C: Low-density lipoprotein-cholesterol; Apo-B: Apolipoprotein-B; PCSK9.

Proprotein convertase subtilisin/kexin type 9; LDLR: Low-density lipoprotein receptor
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PCSKO9 & 7123 LDLR BFEFR AN . L a] LATE N
B 5 LDLR A B AE M. A58 & B, 76 N T I
H, PCSKY LA FHE R IE S LDLR 454, fie ik
LDLR [ 5 /R B S 12 FFTE 5 7R A v 3645 iy
it WK A G W5k . O3 —Jr i . 5 LDLR )45
HH BT PCSKO gifAmy A &eyo0 .

2.2 PCSKY9 5 # 5% @ E %4k 2(apolipoprotein
E receptor 2, ApoER2) #f# VLDL % 4k (very low-
density lipoprotein receptor, VLDLR) 5 LDLR
HHL . ApoER2 Al VLDLR 45 — A4~ B R 57 il 4
Fe K TR 45 #4 J5), A Cepidermal growth factor-
like domain A, EGF-A), PCSK9 AJ {ig #F X W Fif 57
PRI 6 A i HL X A7 9 A OB T LDLR,
ApoER2 f7 76 Tt X #f 82 R 48, S2 AL F iR s
VLDLR {75 T 25 B8 Bt ~F & 1Y 2021, 4 i F0.0
&, A PCSKO 23 3 sk W 52 44 1) £ i X T
ApoER2 i 75 X A f&A4 Bh F AR5 i 1 5, i X
VLDLR T & » iX ] B8 25 5 Jn A5 17 40 7t 0 s o 1)
R

2.3 PCKS9 5 LDLR #8 % % & 1 (LDLR-related
protein 1, LRP1) LRP1 2 —F 45ty #1 34 fig &
LDLR = BEAHUR) LDLR 0, AT 5 270 40 Ff
BCPRSS . LRPL 25 1 W 20 MO 3 s 40 140 2 3R A0
T2 R S JORL A 2 T 14 38 i R e A e fe o T
RN EA AT, PCSK9 25 LRP1 (1
Wi, DF T 7, 78 8% g M IR 3 /D BURE AL v
PCSK9 i i 85 PCSKO 411 il 5] AT WY I o4 5% i
Jei 5 Mt 5 DS I AR P9 Il DA TR B F 5 IE 4 A
PCSK9 {1 15 5 1k S 0 A A7 R Z 8] 47 78 A 5%
KR,

2.4 PCSK9 5 CD36 {ENgFE izEH,CD36
TEZ PG A0 b s 3RIK . RSS2 56 & B, PCSK9
Xt CD36 51 R A0 AP 57 #E /M b B
i F H , PCSK9 AT L) E i CD36 ik  fe it gk
JIEL [ g% 45 BT 5 AR AN B R R OBE 4N i &R
PCSK9 AJ B #5155 & LDLR AR CD36 B A ;
TE/IN BB 197 48 Jf vh, PCSKO AT i CD36 B fige.
PCSK o nT 345 i E R0 S 7 4 2300 i I 1R 4 X
AET7 T PR = e H kK

3 PCSK9 ERERIZHERIFETIE

25 PCSKY LD 17 1 e s 1 A e
o3 32 A A [ B O T s 45 5 3 B2 Csterol
response element binding protein 2, SREBP2) A4l iy
#% K F (hepatocyte nuclear factor, HNF)1a 4%,

3.1 SREBP2 SREBP2 F= 25 5 [ B A Al
SBURF G5 PR 10 32K A0 45 [ 7t ) PR il 3-8 -
3-F R % — R BA R i B A (3-hydroxy-3-methyl
glutary coenzyme A, HMG-CoA) i J& fitf . LDLR #l
PCSK9 &, 7E 41 ] A K AH [ s K P AR 25 R
SREBP 233 2 UK A8 s B 00, fhiT 22y
Pyt 1 HMG-CoA i Ji7 i 400 il AH [ 5 1l A
MG SREBP2, F il JIFIE LDL 3 35 0% Il i
LDL-C f#tH. {H SREBP2 #7% 55k PCSK9 /K F
Th oAl LDLR B A 33 hmn. AT HI 58 1 AT 2K 2549
MVE RS . BF9E 2R B, SREBP2 i it PCSK9 J& )
T X IR [ B 98 5 J6 /4 (sterol regulatory element,
SRE) & 4% /f H™' . SREBP2 [d] i} # i PCSK9 I
LDLR. ffi PCSK9 fE JJy — Ff Xf 5L /9 HL 1 = 5
SREBP2 #7758 # . 5 LDLR 3 [ 4 5 240 g A A [
WER9EE 5. 5540, SREBPL 1Al #3% PCSK9 %A
Sk, TEJFFE 252 SREBP2 X PCSK9 iy
FEF

3.2 HNFla PCSK9 iiwiash 748 3 1 mER
SFHYFFE 51 : SREL, SP1 #l HNFla 4545 {0 £ M
HNFlo fii 54 F SP1 5 SRE1 Z ], B SREBP2
LASM HNFlo % PCSK i 5 H e st B B2 1)
WAd A 9F B =& A OrRAE 5 0 SP1 Xf PCSK9
R 1 45551 . HNFL 4 HNFla fl HNFIB
PP 85 PCSKY (19 122 HNF1oY, ¥ %
#1] 3l i FE AL SREBP2 1l HNFla 19 3% ¥ T i
PCSK9 ik i Z il s R E A1k 1
( mammalian target of rapamycin complex 1,
mTORCD {5 53 f% T 98 HNF1 & &, M1 FEAR
PCSKO (¥ s o Il W B0 FHMERCR sl
FEE 1Y 24 a3 RS G 3B IR R 21Kk 1(G
protein-coupled estrogen receptor 1, GPER1) AJ 18
1t HNFlo 2R PCSKY &% 5% ) 8 11 43k (H X
LDLR i) mRNA FREBA M0 N T LDLR
i MH G LDL-C iy $8 BC, 3X A] BB 5 5
GPER #fReMEZRAS MR LDL-C AKCPEARA K,
3.3 ARV R  EIYIRHASS RS ZAK o
(peroxisome proliferator-activated receptor o, PPARa)
FTLAE i) PCSKO 3 PR si LA K 3 hm g Ak B
fit)/PC5/6 >k # il PCSK9, 7 PPARy | & 3§ fl
PCSKY 7e/F4ifirh ik . Hoftdn] DLW PCSK9 1Y
A el X 2K (farnesoid X receptor, FXR) fl K H &
I 1/6(sirtuins 1/6,SIRT1/6) ;% PCSK9 AL 3#1VEH
AR X 24 (iver X receptor, LXR) 208 A% KT P
(histone nuclear factor P, HINFP) . i§ JIfj 20 25 15 1k
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Ne i R AR R4
4 PCSK9 EF =% 58 EEE A 5

PCSK 72 %} AH [3] B3 A 5 1) 52 0 7] LA 532 2y
RERTEPEZEAS (gain of function, GOF) 13 fig ik 2k
PEZEAS (loss of function, LOF) . ZEFEILH/NEH
ik N PCSK9 o] 5| 2 & 0 [ §E i g , i
PCSK9 % A mf bk 7 B LDL-C ZKSEARAE™ . 78
PCSK9 J& X %78 N#EH, 1l LDL-C KRR T
40% ) Y142X Fi1 C679X J& PCSK9 i) ¥ Fip 3= 28
LOF 722 5280, R FEPEAL LDL-C 7KF, #8271
J& LOF®, Jyoh—Sufiff 55 5 5 7 55 00 ) 4l U
JEg s PCSK9 LOF 722 7, B AT 3R 8 ALY
LDL-C 7K, FE— 300 56 F 41 X 3l bk of #F i 4L &
W AR B R B PCSK9 LOF 722 1) A
1 LDL-C KP4 T0AR 5345 IK 40 %0, 15 4B
Pirp . X S AT PCSK9 A8 S 3 R 1) 8 56 IR 3 ik
SEARAE £k 4 .0y 9% (coronary atherosclerotic heart
disease, CHD) 4 XU & F F& T 29 88%%, X b
PCSK9 LOF 728 5 5% LDL-C Z [i] f) 56 2 DA B fi%
LDL-C 5 CHD Z B3¢ F& . ffi15 PCSK9 B h—1>
TTEM 2 HE

A2 PCSK9 1y GOF 4% 5338 i 2 FpF¢ A 1 HL
TAE S F 7K b AR T o A e 24 2 5 30 PCSK9
(&3 B w2 0 M3 . 3% i LDLR (¥ B fii
[F#F . LOF 7228 525 3 B 25 v PCSKO 7K1 B
JF4RMZ R LDLR %% B3, LOF A8 53 =2 3
TERR 1 BT AR X AH A AT 48 25 4 BUAE 45 A8 3
C o Al P-4 Fg skt . AR Sk 2 25 ARl
il PCSKO £ A ol 2 BT iz i 3 3050 1 ok 2>
filan, Y142X 28 5 2 S H5O0 LA 3 ) RNA 2748,
1.253F £ BH fF PCSK9 1 B 3747, 41 ] H 43 -,
PCSK9 LOF A ARG i) PCSKY 44, BH
1R sk F IS5 5 LDLR (9 AH B AEH sk 2> LDLR 75
VAT IR A B AL 384 in T LDLR Y46 2R IR BRI 75
fir s HFARAE PR LDL-C /K™, B4R GOF 748 7
NHEP AR B B X RV & F 1 GOF 48 7
T X ety 5 FUH e A CHD 1 fas e 34
T AR /D B 44 7 GOF A8 S &, H il AH [3] it
IR B

5 PCSK9 ##IFI By 52

PCSK9 7 MM [ FE AR 8] H () 35 2248 Al = Bl oy
B2 40 55, PCSKO #1457 438 PCSK9 #Y ¥4 5%
RPN AR T R B30 ) 500 J5 & A 46/ T3 RNA

(small interfering RNA, siRNA) . & ¥ & ¥ H g
(antisense oligonucleotides, ASO) #$L ik . /N T
PO
5.1 3 # ek PCSKO [ B v e H A il 70 F
2009 AEHEE IR R IR, B 2 B F UL PCSKY #1714
Fl, kLB TEREHA S PCSK9 F#1 LDLR fE R i)
XI5 A, 3 0 2 2 1) B AR AR
LDLR (1A N4 & A 40 il o LDLR (94t Jf:
AR B PFEREL  IR B .
AR HT PCSKO HR7E /N B R K2 sh iy
AT A0 FE i LDLR k34, 3+ (# 1+ LDL-C
IKOFFEAR T K 25 309655, HE Al 288 789 1) 44 o fif
LDL-C R T K2 20% ~50 Yo AN S, 3 Rl FH 2 5]
B EARY . Alirocumab Fl evolocumab & {UE
(1 2 A B 7E 3 [ RTRR 2 0 it o 1 N B s B b i 2
W45 A Jie KRR BE b B AR BT X 33X 26 T 0 1) G 22
A AN

54N 2 Fp PCSK9 #T & bococizumab #i
LY3015014 1F 76 fff & =1, Hoep LY3015014 &
PCSK9 254 A7 s Al T HAtb T4, LY3015014 X%
PCSK9 1 W ¥ P B il & 12 3 A 5% ;s 1 7E
LY3015014-PCSK9 & &Rk A 2 77 . LY3015014
BRI AR BT R, 3 SR 25 2k A
S ] o 39800 8 3 AP
5.2 PCSK9 #yaF#k B an sl 7 5HTTETUAR
[ei) {7 AR TR ) 350 BOE W) DA A 4 e A0 % FE A A ]
AT 2 P9 & 4% S 9 L AT LA ok 1 Bl o 42 ol
REMR R FEVE R Ho7 A A 5 =X 2L Bon] B X
PCSK9 B 5 () 41 1 15 F » £ Fo A5 m] ge HUA PCSK9
FE BT L) PCSKY 45 .
5.2.1 siRNA  fEffF5EH & B, PCSKY (1) LOF 72
SR LA ) LA S A0 B A i o, DA S PCSK9
ZINBR GBI HE 0V JEL [ R L 45 PCSKO #& K
REYIEIT I — AT RE# AR . sIRNA J&—Fh & 1)
WEE RNA 43F, o] B2 3 B0 2 19 mRNA 43 F-F¢
fife ", AT g A Ry AR A IR AT A0, A
T SE RS B2 T T sIRNA )il #42 py PCSK9
(7= AR 20 B 9 A PCSKO 7K, 3t PCSK9 1y
sIRNA JRYT ik e BEPTIR — A% 72 32 = 40 i
LDLR % B 5 &A% i LDL-C 7K 5 J5 A (4 55 5 2%
IS, L X IR YT R W R A R A2 Pk
1E PCSK9 s # LDL-C /K V-ARARAT . to - 3% A W g%
FIRE R, A —Fh RN sIRNA 7= 85 1E b
F 1 A AR g
5.2.2 ASO ASO @it H#%ES mRNA 454 T4
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5536, ASO 37 0T IR S, B4 i PCSK9 1A
[ Fsf oA A1 JEL 40 B P9 A K o 7 I IR Bl 9 B R TF 5T
L # IEE ST PCSK9 ASO 1] L f# LDL-C 7K - [#
i 3296 ~38%, 3 HLaX FifE T & #5452 2~4 A,
At PCSK9 ASO V43T 2 G » LDL-C /K- £ 7]
DABEAIG 24 %0 SR . 5 2 BEFI A HE L HE 2k B 40 4
RN AN BIATER ASO Eb ASO il H &
(AR A T AE I I A e

5.2.3 MAIK  BUIIKIE —FPRL{h LDLR 5
PCSK9 254 1 EGE-A Byl . 7€ HepG2 4iHe -,
A EGE-A IKZE 14 5 LDLR 454, w] L il
PCSK9 -39 LDLR [ , 350 R0 il VF F 2 750 2 ot
YRGS, A8 PCSKO (1) Bet il P15 PCSK9 35 4
P25 LDLR, 3 Bk 75— Rl S 600 ik

5.2.4 AT HHE A NFREALIEHE
F.DNA 50 RNA 256 IF 6l 8848 A= ) # D RE 1Y
B . XN T H A PR R siRNA A
P PR e A TaT DA AR L R, HE BNy
TN AT AAEAEAT )7 5 PCSKO JP 3 | . 352
M 5 B ) FE, DL 43 i A (80 5 LDLR #) 2
Mo R /NG —F-A00 i 700 ) 2o B Hp A A A ) A
—J& PCSKO9 (765 LDLR [ [ 6%, — R H
AL = Bk 5 M 2 PCs AL, 352 m T L4
RS, A, PCSKO 5 /N340 i 70 4L A R J2
Lo RIME ) R ok HE 3% 1T 3 B AT DAARE 0F 45 S 1k 25
BRGE A AR R Bk, N4y R A R

6 PCSK9 ]l 71 #9 it P& Bz A

PCSK il 71 v i He B s i & PCSK9 H
SeREDTAR IR WA B T 5259697 Ja AT A R
AR M AR H 1 LDL-C 7K o m] RAE g fl 7T 22
P2t . 2T PCSKO #iliiil# Calirocumab
F1 evolocumab) % 4 P 1 A &M B9 £ & o 5%
ODYSSEY LONG TERM, OSLER-1, OSLER-2 F
2015 4 & 2% M4l ik e F U Ath — SR 5T 45 21 36
E Z g ¥ 4> (National Lipid Association, NLA) %
2T ] PCSKO 41 i 5510 (g i B (2015 i . NLA
HAE 2016 4 K & 1) — ST AoF 10 45 68 75 DFAy ok A 33
R AR RGBT B (3R 50 F 2017 4R & R 1 — T
S0 I A S TS 45 SR e I 25 R R T
2015 RRAE W, R F T 2017 FR™Y . B AR 32 Ak
PCSK9 #ifil #I3& 45 LLF 4 Al : (D A e v
3y Jik ok AE B AL P GO I 4F % R Catherosclerotic
cardiovascular disease, ASCVD) ) g % 0] DA% fEfili

Fi PCSK9 #1 fil 55 K B¢ IR ASCVD fy fi: & [ %5
(2) A M ASCVD f4 s 31T LIl Ff PCSK9 #]1
HIFE— 2B B AIE LDL-C K5 (3) 6 1 5% e vk 5 IR
[ B ILAE  PIAYT Je LDL-C=1 900 mg/L; (4) =
f& HABTT R =2 E

7T R OE

FE 15 4RI ] B, A 52 5 16 PCSK9 9 T fi
B2 T —E MR AEXFT L FZ LR A 552
NBEH BSRAFTER PCSK9 LOF 45 5% D) & PCSK9
TENH [ EEA G ag VR (8 PCSKO 4l A
B R R B R 245 . BRI A A — T T 245 40 DAAE
BB AR IO FH AR 5 2 1816 25 R E . H AL PCSK9-
LDLR 88 5 917 28T 25 FE e PRk v Horh g
i —2L PCSKO il FILERE IR H AR B 52 55, Bl
X PCSKO g BEA: FRHLHI AR AW g , vy
17 SIEVAE & L NN E Y LS
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