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PCSKO9 promotes atherosclerosis by inducing phenotypic transformation of vascular

smooth muscle cells
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[ ABSTRACT ] Aim To investigate the role and molecular mechanism of proprotein convertase subtilisin/kexin type
9 (PCSK9) in the occurrence and development of atherosclerosis ( As). Methods Mouse primary vascular smooth
muscle cells (VSMCs) were treated with platelet-derived growth factor-BB ( PDGF-BB) for different durations.  Cell mi-
gration ability was evaluated by scratch assay, and the expression of phenotypic transition markers and PCSK9 was detected
by Western blot.  Mouse primary VSMCs were infected with Ad-PCSK9 adenovirus to examine the expression of contractile
and synthetic marker proteins, as well as cell proliferation and migration capabilities. = PCSK9 expression was overex-
pressed via adenovirus or inhibited by small interfering RNA (siRNA), and the expression levels of nuclear factor-xB
(NF-kB) , Kriippel-like factor 4 (KLF4) , and myocardin (MYOCD) were detected. ~ Immunohistochemistry, immunoflu-
orescence, Oil Red O staining, and hematoxylin-eosin ( HE) staining were used to analyze the expression of related mole-

cules, lipid deposition, and plaque area in aortic plaques of VSMC-specific PCSK9 overexpression ( PCSK9™ °*) mice and
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PCSK9 conditional knockout ( PCSK9™ ™) mice.

and atherosclerotic plaques.

Results PCSK9 was colocalized with VSMCs in the medial layer
Compared with contractile VSMCs in the medial layer, PCSK9 expression was significantly
elevated in synthetic VSMCs within the plaques. PDGF-BB upregulated PCSK9 in a time-dependent manner, along with
the synthetic phenotypic marker proteins osteopontin ( OPN) and epiregulin (EREG) , while downregulating the contractile
marker proteins smooth muscle myosin heavy chain (SMMHC) , a-smooth muscle actin («-SMA) , calponin, and smooth
muscle 22a (SM22a), and enhanced cell migration capacity. ~ Ad-PCSK9 promoted the phenotypic transformation of
VSMCs from contractile to synthetic phenotype, significantly enhanced DNA replication activity and cell migration ability,
Conversely, siRNA-mediated PC-
Histological analysis revealed that VSMC-specific overexpression of PCSK9 pro-
PCSK9 can in-

duce VSMC phenotypic transformation from the contractile to synthetic phenotype, exacerbating the atherosclerotic lesions in

downregulated MYOCD expression, and upregulated KLF4 and NF-kB p65 expression.
SK9 inhibition showed opposite effects.

moted aortic plaque formation and increased plaque instability in atherosclerotic mice. Conclusions

mice.
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phenotypic transformation
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This mechanism may involve the signaling crosstalk among NF-kB, KLF4, and MYOCD.
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Figure 1. PDGF-BB promotes the transformation of primary VSMC to a synthetic phenotype and upregulates PCSK9 expression(n=3)



CN 43-1262/R 1 [E sh ik fb42ids 2026 4F5 34 555 4 1) 291

2.2 I3R3IE PCSK9 1R VSMC B& R E ik
S B 95 5 20K ( Ad-PCSK9 ) &% e /) BLE AR
VSMC LLid #ik PCSK9, % )6 i i e T B UL RCR
11 90% ., Western blot 45 5 7~ | 5 25 B X 8 2H #H
[, Ad-PCSK9 2 YL 20 4 it v PCSK9 4 1 Rk 3 i
152.30% (P<0.01) , W45 & 45 & 8 (1 SMMHC | -
SMA Jz SM22a 1 3R3K 53 51l 1870 52. 58% 67. 08% M
75.74% (P<0.01) , i & il AAR HHE H EREG ik
BN 493.79% (P<0.01), EdU 5256 WoR, 525 H
X REZHAH EL , Ad-PCSK9 JE UL 21 4l B (1) EAU FH %

TH5 865.19% (P<0.01), RIJRSCH2ERENH, 5
23 90 BT AH [, Ad-PCSKO J2% % 20 201 Jifd 1 3 % fig
JIH1 56.98% (P<0.01) , Transwell 524 #F — 5
UESE, a8 Xt B4 AH e, Ad-PCSKO JEE % 20 40 it i1
TR HE SN 159. 24% (P<0.01) , M4k, Western
blot Z58 R, 525 (X BEALAH L, Ad-PCSK9 Jak e
ZH MMP-2 [l 3K 381 46. 59% (P<0.05; & 2) , 1
MMP-9 3R Jo ] 284k, X 2E45 R KB, PCSK9
i FRIRHEIG IR VSMC 3G 5E 5 7, JTHE s H
P WS4 2 AU ] G e AL A 48t

A B SMMHC | G e  camme
Ad-PCSK9 «-SMA
PCSKg | gy > _
SM22 ¢ | = mm—m
GAPDH | 4 - e
EREG - A
Ad-NC S o o
& @’e & GAPDH | == emg e
TSy 3
g O O )
Bright field  Fluorescent field & 6’e ‘”o{‘
< ¥ L
c v
3 315 S15 T3515 6 b
5% oz é*& k= EE
%8 <810 <810 <810 8 4
o5 35 gs @35 g5
g2 I s2 205 b D22
83 =3 K 4% rs
) P 5® S o wo o
< s c “c S O © c > O ©
S S
(<
D
F

Control

0.10
0.08
0.06
0.04
0.02

EdU-positive cells/%%
Relative migration rate T
o =4 =4 N
o mn o » o

Ad-PCSK9
K= _
é.‘gﬂ.S 820 a
510 $815
S o ©% 10
2205 NN
S8 $505
=¢F So
SN0 e 95 0.
O O
& &5
SR SR
¥ ¥

2. FFRiE PCSKY B3 VSMC A& FE R (n=3)
A 4 Ad-PCSK9 &Y/ EUFAL VSMC 5L (40%) ;B .C 24 Ad-PCSK9 Xt/ EUFAL VSMC HY PCSK9 Ko 6 BIAR s 2K 11 2 IR US40
D .G}y PCSK9 Xf/NERIFEA VSMC 34 4E BE 1 9540 (EAU 5256 ,100x) ;E H 24 PCSK9 X/ BRI VSMC 3B RE 1 A5 M0 (R S256,100%)
F .12 PCSK9 X/)NERUER VSMC SLA% 1 77 19 2] ( Transwell ,40%) ;] K & Adv-PCSK9 /) EUJE VSMC 1 MMP-2 Il MMP-9 & 1]
KRN, a i P<0.05,b K P<0.01,5 Ad-NC B4a Az,
Figure 2. Overexpression of PCSK9 promotes the transformation of VSMC to a synthetic phenotype(n=3)
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E 3. PCSK9 i VSMC R EE#5 % NF-«B 5 KLF4 MYOCD 2 E#ES £ (n=3)
A .C 4 siRNA PCSK9 X/ EUSAL VSMC H MYOCD KLF4 } NF-«kB 25 5 B0 ;B . D 28 Ad-PCSK9 X/ EUF AL VSMC H MYOCD |
KLF4 J NF-«B & FAFRIEHIEM, a3 P<0.05,b & P<0.01 ,PDGF-BB 4 BEZH 5 Control 4H HLAZEK
siRNA PCSK9+PDGF-BB 4b P41 5 siRNA NC+PDGF-BB Ab B4 35, Ad-PCSK9 /YLl 5 Ad-NC L4 He s,
Figure 3. The regulation of VSMC phenotypic transformation by PCSK9 involves the signal crosstalk
between NF-kB and KLF4, MYOCD(n=3)
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Figure 4. Specific overexpression of PCSK9 in VSMC aggravates atherosclerotic plaque formation in As mouse
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% 1. PCSK9"" 1 PCSK™ °* /NFRTESE 0 FFnSE 12 FRFA) 4 M AR HE 4Rk F
Tablel. The levels of four lipid indicators in PCSK9™" and PCSK9™ °* mice at week 0 and week 12
A :mg/L
A 0w 12w
PCSK9™ * PCSK9™" PCSK9™ %*
TC 1 699.00+664. 00 2 417.00+578. 80 8 710.00+4 844.00" 8 731.00+4 304.00"
TG 2 932.00+629.90 3310.00+471.80 3953.00«1 943.00 3448.00«1 235.00
HDLC 760.60+177.30 892.70+223. 10 1 611.00+398. 50" 1 554.00+374. 40"
LDLC 1 448.60+547.70 1 191.00+429. 60 6 748.00+4 505.00° 6 655.00+3 710.00"

I :a h P<0.05 |55 12 J& PCSKOM™ 4 555 0 J& PCSKOV™ £H [#5 ;b 4 P<0.01, %% 12 J& PCSK9*™ OF £ 545 0 J& PCSK9™ OF £ b4 (n=

10),
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Figure 5. The promotion of intraplaque VSMC phenotypic transformation by PCSK9 may be related to

the signal crosstalk between NF-«kB and KLF4, MYOCD
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