CN 43-1262/R " [E Sl ik alifb 244 & 2026 4F55 34 455 3 201

ABIH: REH, BEE, IVEE, &, PCSKO ML Zb AT &N Sk LDL 48 HUVEC J8T=[J]. " sh ki fba:
7, 2026, 34(3) . 201-210. DOL: 10.20039/]. cnki. 1007-3949. 2026. 03. 003.

>

[XEHES] 1007-3949(2026)34-03-0201-10 . SCISRRET -
PCSKO ik b R P T 1B 2 Sehh2E 4k LDL & HUVEC JHT:

RZE, REY, EE, XIRWUL'
1. B KFC hERBITAT IR F NG B EE LT W& E R & 95 B FRA A 375 7F R0
W B 421001 ;2. 01 B FRIRAT T AARME P ) AR BT 529030

(# E] [BH] RATEGHABHAHEER Z 9(PCSKY) £ 5 R ALK 5 JE A8 & G (N-LDL) ¥ 3 69 A3k
W BB = e R R o F AR, [FiE] AURAIE TR 60 8 MBS T £ F R 0T, iR e AR X
# A N-LDL /KT 55 PCSK9 % ik 6948 % i@id N-LDL 432 AB-#Bk ) & 28 1035 548 100 =, 55 5RA Hoechst33342/
A HEYE (P1) e & 24740 M, 35 Western blot 4 8 A48 % & F 69 X H A, # B =4 2" (DHE) #= JC-1
A H e m FHEE(ROS) 49 £ KT R E AR AL T AL, KA b O £ & FFEAR2R A E 8N800
FREBARN, iBid siRNA AR E I PCSK9 #931&, [R] N-LDL &2 ABF#pk W B 40 ie )5 , 5 AF B 28 4= LDL
AR tm AL E ) B E AR (P<0.01) ; Western blot 25 R 2 7,42 8 =% & Caspase-9. Caspase-3 = Bax %9 & A B %
& (P<0.05) , W38 =5 & Bel-2 89 %k 0 B F 4K (P<0. 01) ; Hoechst33342/P1 8 X3 45 R 2 =, Pl A 4w
MR E S RTmE A M T, N-LDL AR SR X LR B B A4t 2 kBT B BAY A4 6%
2(SREBP2) & H T i#3#e%& & PCSK9 #9 %k (P<0.05) , L =% T AL h—5  wdir O £ &4 R KW, %2 N-LDL &
WG MRS R EREFEW M, AX WK A e 3 b n 45 R &0, % N-LDL £ 32 )5, a e A ROS £ &3 %,
KA B AL EF AR (P<0.05) , 3R T X ARG RRIE AT L £ LK PCSK9 /& ,N-LDL # 589 A B bk W & 2m i
KEARD TR A T3 F 2] B EF 5 ROS & R Y, R AR BE ¥ 15 4 J_; Caspase-9 ., Caspase-3 #= Bax #9 R T
B, Bel-2 o9 & ik LR Pl Rk 2a B AOR U (P<0.05), [45i8] N-LDL @it Eif SREBP2 #9 & ik 23t PCSK9 #9 4
B EE R AR TBR RAHFAFRN w1«

[R#EiIE] TEROHNEREEN L, MALKEERES,;, ARSRAR@E,;, WHAT; KEWKRA
TiRE;  FRHARRRAL

[FRESES] R5;R363 [TEk#RIRAB] A

PCSK9 mediates N-LDL-induced apoptosis of HUVEC via the mitochondrial apoptotic

pathway

WU Xuanshuang' , ZHAO Yimeng', SUN Yuhui*, LIU Lushan'

1. Institute of Cardiovascular Disease, University of South China & Key Laboratory for Arteriosclerology of Hunan Province &
Hunan International Scientific and Technological Cooperation Base of Arteriosclerotic Disease, Hengyang, Hunan 421001,
China; 2. Jiangmen International Travel Healthcare Center, Jiangmen, Guangdong 529030, China

[ ABSTRACT ] Aim  To investigate the role of proprotein convertase subtilisin/kexin type 9 (PCSK9) in the apopto-
sis of human umbilical vein endothelial cells induced by nitrated low density lipoprotein (N-LDL) and its molecular mecha-
nism. Methods Differential expression analysis was performed using publicly available transcriptome datasets to
assess the correlation between N-LDL and PCSK9 expression in relevant diseases.  Human umbilical vein endothelial cells
were treated with N-LDL to induce apoptosis, which was detected by Hoechst33342/propidium iodide (PI) staining. Ex-
pression of apoptosis-related molecules was assessed by Western blot.  Reactive oxygen species (ROS) production and mi-
tochondrial membrane potential were measured using dihydroethidium ( DHE) and JC-1 probes, respectively.  Lipid accu-

mulation in human umbilical vein endothelial cells was evaluated by oil red O staining. PCSK9 knockdown was achieved
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using siRNA.
demonstrated a significant decrease in cell viability compared with both the control and LDL groups ( P<0.01).

Results  Following N-LDL treatment of human umbilical vein endothelial cells, CCK-8 assay results
Western
blot analysis showed markedly increased expression of the pro-apoptotic proteins Caspase-9, Caspase-3 and Bax, accompa-
nied by a significant reduction in the anti-apoptotic protein Bel-2 (P<0.01). Hoechst33342/PI double staining revealed
an increased number of positive cells, indicating the occurrence of apoptosis.  N-LDL upregulated the protein expression of
the key cholesterol metabolism transcription factor sterol regulatory element-binding protein 2 ( SREBP2) and its
downstream target protein PCSK9 in a concentration-dependent manner ( P<0.05), with a consistent trend of both.  Oil
red O staining demonstrated that N-LDL treatment promoted intracellular lipid accumulation.  Moreover, flow cytometry
and fluorescence analyses showed that N-LDL increased intracellular reactive oxygen species (ROS) production and signifi-
cantly reduced mitochondrial membrane potential ( P<0.05), indicating mitochondrial dysfunction. ~ Notably, silencing
PCSK9 significantly reversed these N-LDL-induced mitochondrial dysfunction and apoptotic alterations in human umbilical
vein endothelial cells, as evidenced by reduced ROS production, restoration of mitochondrial membrane potential, decreased

expression of Caspase-9 , Caspase-3 and Bax, upregulated Bel-2 expression, and a decreased number of PI-positive cells ( P<

0.05).

Conclusion N-LDL upregulates SREBP2 expression, promotes the expression of PCSK9, thereby activating the

mitochondrial apoptosis pathway, and ultmately inducing apoptosis in human umbilical vein endothelial cells.
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Figure 1. N-LDL induces apoptosis in HUVEC
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Figure 2. N-LDL upregulates PCSK9 expression via SREBP2 and increases lipid accumulation in HUVEC
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Figure 3. N-LDL impairs mitochondrial function in HUVEC
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Figure 4. PCSKD9 siRNA alleviates N-LDL-induced mitochondrial dysfunction in HUVEC
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M ZRIRAKE 5 LT 77.6% F179. 8% ,Bax 3R MIRIBIKF LI T 27.7% (¥ P<0.05; & 5A-D) .
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(a3 P<0.01, 5% AL H# ;b o P<0.05, 5 N-LDL 41 1045) ; E : Hoechst33342/PI 42 f6:l] PCSK9 siRNA X N-LDL 7551
HUVEC T3 (L BIR =150 pm) .
Figure 5. PCSKD9 siRNA inhibits N-LDL-induced apoptosis in HUVEC by regulating the mitochondrial apoptotic pathway
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