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[ ABSTRACT] Aim  To explore the mechanism of oxidized lipoprotein(a) (oxLp(a)) inducing pyroptosis of vascu-
lar endothelial cells. Methods After incubating human umbilical vein endothelial cells (HUVEC) with 100 mg/L ox-
Lp(a) for 24 hours, Western blot and RT-qPCR was used to detect pyroptosis related proteins, pro-inflammatory
cytokines, mitochondrial related proteins NRF1, NRF2, PGC-1la and mitochondrial gene cytochrome b ( CYTB), ELISA
was used to detect the levels of inflammatory factors, scanning electron microscopy was used to detect cell membrane rup-
ture, transmission electron microscopy was used to detect mitochondrial morphology, Hoechst33342/PI staining was used to
detect cell apoptosis, MitoSOX probe was used to detect mitochondrial reactive oxygen species (mtROS) , Flu-4AM probe
was used to detect calcium ions, JC-1 probe was used to detect mitochondrial membrane potential (MMP ) , and Calcein

AM staining was used to detect mitochondrial permeability transition pore (mPTP).  Transfecting HUVEC with CYTB
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Results
After treatment with oxLp(a), the expression of NLRP3, pro-Caspase-1, Caspase-1, GSDMD and GSDMD-N proteins re-

overexpressing lentivirus and analyzing its effects on oxLp(a) induced pyroptosis and mitochondrial function.
p ) yzing p pyrop

lated to pyroptosis were significantly increased ( P<0.05) ; the protein and mRNA levels of CYTB and pro-inflammatory cy-
tokine IL-1B, IL-18 were significantly increased (P<0.05). Small pores appeared on the cell membrane, the percentage
of PT stained positive cells significantly increased (P<0.05). OxLp(a) significantly inhibited the expression of mito-
chondrial related proteins NRF1, NRF2 and PGC-1a, and the expression of mitochondrial gene CYTB, promoted an in-
crease in mtROS generation, Ca’* overload, a decrease in ATP levels, a decrease in MMP, an increase in mPTP values,
and abnormal mitochondrial morphology.  After transfection with pHelper 2. 0 lentivirus vector overexpressing CYTB, it

was found that oxLp(a) induced HUVEC pyroptosis and mitochondrial morphological and functional abnormalities were par-

tially reversed by overexpression of CYTB.

Conclusion

oxLp (a) promotes mitochondrial morphological and

functional abnormalities and induces HUVEC pyroptosis by downregulating CYTB.
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MDF) , SZkifA s 7% b 5k iSSP AR DGR
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ZAKE 1 3 (NOD-like receptor protein 3, NLRP3) %
P/ IMA, FBUNE N AR T R AR Bokiik
DNA ( mitochondria DNA, mtDNA ) % i 41 g {2 % b
(eytochrome b, CYTB) , CYTB &£ AR -0 4% & &
WA R AR CY'TB 35 DR 28725 W] 5 ke 4 A4k
AH IR R A B oxp (a) & 75 PE
CYTB ikt 2E 1 4 A B A £ T, H i AN 3
o FET M, AW SR L N KA i B T 5T
oxLp(a) XM T LKA S IIBELL XS CYTB Jk
PRI IKAYSZ 0, I3 Hrid 235 CYTB Xf oxLp (a) i
RAET MRS S IR

1 #RHTE

1.1 EFZilH

AR ik ot % 9 & 48 B8 (human umbilical vein
endothelial cell, HUVEC) ¥ & & [ #1340 i B ; —
F(Abcam ) 5 1 F 4% 1gG = Hu b F 30K 1gG
Z i ( Abiowell 2 7] ) ; Hoechst33342 . PI( Solarbio /A
&) ;Lp(a) (Fitzgerald 2 7 ) ; MitoSOX 4T & % 7 K
HME B T4 L% R F & (Thermo Fisher /™
&) ;45 B T K LA Fluo-4 AM( L3 4 47) ;CYTB
mRERMAE(FIEE);ATP B KA & (¥ X
B CE TARF G PT) 5 ok R R R (B A
41 3 A IL-18/IL-1F4 ELISA kit A IL-18 ELISA kit .
Calcein AM(Z = X) .,
1.2 ZHRaIESR

HUVEC & # )& , 78 25 mL 3% =0 # F 4 10%
FBS Hy DME 3% % 3t 1 5 3% | 3£ 5% CO, #1959 =
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APF37TCHE,F3RER1 R, ERFLTH
35 ik 3| 80% B, TR 4 K H
1.3 Lp(a) WEMLEHE

. Lpla) EBNEN RS FmAXTFRE KRR
FHNEL B AT 19 20 wmol/L CuSO, A7 ¥ 8 5 A 1 K
R,37 CHEZHE 36 h, WEE Lp(a) Bk EETL
rAEEN R TEMRY, BH,LETERAANR
B4 #7200 pmol/L EDTA ¥ ik W 4 1k & 1t 7 R,
4°CHE 24 h, L8 h 4 — K # # iy EDTA ¥
HE+£KR C™, &&,H PBSER T4 CHEAMN 24 h
DAk & EDTA, W EA G oxlp(a), & EP &
B R E O IR H AT B AT T & BT RN 4 CuksE
i
1.4 Western blot ¥l

RFEEWE AN FRE R DR T LH
FR AR 3R 46 R, 4 N T e R T B ST O\ AR KR
Wm kR, KERT, AME EH4EFIL L
10 pL B0l & &, B4 52 R 5 IT 4 B ik, R 60 ~
80 V, % 34 ik 4 i J7 , ¢ ¥ JE Am K #] 100 ~ 120 V,
WoAEE, KT, % B Marker 8 7~ £ H By
AWM EIR, M ENREBEARKE, FE
3 PVDF JE, BN %% JEAE 9 9F A 220 mA #1297 %% JE
60 ~ 120 min, BA#ETRAE 4 CH &5 THAT,
A J 58 K e B PVDF JE 7% O\ B 1 47 B9 5% Mg 4
WHABRFPHA L h, ZFERERAFHEINE
B — AR, FHHE T4 CkEBE 10 h, A
TBST ik 3 K Ja, & —HLEKIEK 2 h, TBST 7t
AIREBRHEZR, A ERRERERZATEY,
Image J #4345 & B H , 5010 T8I,
1.5 CYTB @ RFIBHEHELE

b i I il U A S WAl s
Rt EapmrEm Y EEAREEARL Y
30% Bt P aa e e B A AR, R JE AR N 2.5 mL &
iR, RATH SR S0 MOL |, ¥ &
# CYTB ZE[H (1 638 bp) it & 3% pHelper 2.0 12 /%
HOR AL 440 e, PCR & € B B 5| 4 )7 71 & 5'-TCAT-
GCCCACCATCAGCCTG-3' ( K161239-p3 ) #1 5'-CCT-
TATAGTCCTTATCATCGTC-3' ( KL61239-p4) ., 6 7.
WA Ae N E E R A A ROfT R A B B R 100 pL,
A BTRFEFI CHERER REXLZR)E,
KRESITIEE 30 min, ¥ 24 h J5, fl & %
B A REFNEREAERER T2 h EAE
QR Lk 4 4. 3R 4 (Control) ,CYTB
ik 3k A B 4 (OENC) oxLp (a) %, oxlp (a) +
OECYTB 41, %47 CYTB it 5% 3 %t oxLp(a) % & HU-

VEC &1 R &b Rtk 69 % .
1.6 Hoechst33342/P1 20 T4

Hoechst33342 & —# 15 & 7% ot 22 £, P1 7 DA fE
BT g e ko, R 4 e ey 24 FLAR A
PBS it 2~3 KJg AT, HF mNE AR E 40
Hoechst33342 %t i 500 wL, & # K L # L% &
10 min; R =4 @0 )a, / PBS R 2~3 KE AT,
B3l N E 48 P 20K 500 pL, &% K EH ok
% & 10 min; A PBS %k 3 %X &, in NiE & PBS &
T 2 M SE ST B R KO R MR LB,
1.7 YHRES5EFR

Fluo-4 AM J# DMSO 7 ##,1 pL Fluo-4 AM fif %
W& PBS Fi B %E 2.5 mL/L, in N\ # ok EP # b &
Rl B AZ A o A b 05 48 B R A i 48 e
24 LA PBS ik 2 ~3 kAT, i AT B
500 wL, B J& 72 K & 4% 4 # L% F 30 min, F
PBS %t 2 ~3 K J&,% PBS & H i \iE & PBS %
T 4 L, AL B A ROE B AR T 48 B AR
1.8 ZpkiEE S RILEM

H 28 B R Pk 3 SRR, A PBS VR 4B A 2 i, Ap
A Calcein AM 362 A B 2 WA, B8 R Lp
WEABEFAEMME, 3T CRBEHEFBELEST
45 min, M H & K5, EH K E 0 37 CH A
IR, B ORAE AR TBAE P 8 OE 8 F 30 min, DAFRIE 4 1
W EE B 75 4 KA Calcein AM, )5 , RIR 3 F, A
PBS ¥ 7t 3 WKk, 4k B e NAR T S ok L, KO BB
THE,
1.9 ZRbr{A % B8 s 46 iU

G5, ¥ 10 xincubation % ¥ i fi B A 1x, £
37 CABA T AR, A0 20 0 5 = 5
Fi, Fl PBS R 3 K, I N FREE B LR AT, B E
B H 1000 t/min B8 10 min, F £ H 0 B,
o 2e i AL B, 7E 500 pl B9 1 Xincubation 2% 3%
FAN 1 wL B JC-1 R, B E 2R G, # ik
JC-1 THEi, ek BBy 40 B % An N 500 pL JC-1 T
R, AT ARER, ETARELRFFTHR
15 min, B H MG, £ 1000 r/min % 10 min,
F £ P&, R 1xincubation & » & VE ¥ 40 8 2
Ko #&J& A 1xincubation & ¥ J& "R 4T 4 40 M & R,
FA i S 2 SRR
1.10 ATP &E

FEEMIEFEE,H PBS HIR3 Kk, AaM
F Ml S 4 M ULUE , N 500 pL & o W E A R R
BYMEARET , ERKTHEE @R, K
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BREHRAEESZHCE T, 45 Z % 8 min, I H
JERA B HR K m NR A, R A e E R
# 5 min, BEATOUR M 636 nm AL F{H

1.11 RT-qPCR #&il

J| Trizol ¥ 7 #& B HUVEC % RNA, ¥} # &
5 min 7 4 & ## LUK 43 RNA, f# A Nanodrop 2000
el RNA K & R4 Z , DL 28 & mRNA AR,
B A T cDNA, Tt & & PCR L k% ok, ¥ 4
ERFE K95 CHAEMS min,95 C &M 15 s,
60 °Ci# K 30 5,65 C ~95 °C & f# 10 min,40 /15
I, 5l FF -1 514 E iy 5'-TGAGGTCAAT
GAAGGGGTCGT-3', & 11 A 5'-CGTCACACACCAG
CAGGTTATC-3'; IL-18 5| 4 IE 1 4 5'-TCTTCATT
GACCAAG GAAATCGG-3', 51 # 5'-TCCGGGGTG
CATTATCTCTAC-3'; CYTB 5| 4 IE & & 5'-TATG
GCTGAATCATCCGCTAC3' | B 1 % 5'-GGATAAT
GCCGATGTTTC-3"; GAPDH 5| 4 iE /] # 5'-TGAAG
TAAGAGGACTGGCTGTGA-3" | K1 # 5'-TTGGCAA
GCAAGAAAGTGTCC-3',

1.12  ELISA #&il

W5 2 e 3k B0 o 3 A vE AL e A R R
LB AFNER AR T ERHBEEERKE, &
B 100 WL oy f B A S A AT vE S Am N 96 FLF L, B
T 37 CHE 90 min, 7 =& KA AT, FHKE,
LRI mNENENRERA, AL ANEDE
I EHERE LR, ETEERERLEL h,
EHEER ERMAEEEK, Fikd4 RIAM, B X
2 min, & 5 0 BE 4 A 4 TAE R 100 wL, = A 3L 0 B
FORBR BLFARE, ZREEZKRY
45 min, R E kR 4 KILW A, Im N R B K
100 pL, & T4 K 30 ~45 min, & E &I A% 1k
50 wL, 9F 5 B ZE 450 nm 4 I B & FL B Rk
FEE,

1.13  mtROS &

M2 L B AL T B A K T W9 4 e, A PBS
k2 ~3 K G, B = W 3 T HUE fE MitoSOX,, 3% F&
It R B | #F MitoSOX, F L m N B4y &
500 WL, 7E 37 C KB 4R# L FH 30 ~45 min, I
EWBREMREEZHEIATFIHAT, RN THKE
Jl PBS W& 2 oK, B Am N3 & PBS DL E 48 A, oL
B 7E 7R K B %5 THLE SH 40 B AR,

1.14 AEBEMEHBENE

HRARERSBE AR EREABELE,
oL, W e U B R e L B R R R 4R R

2h, 4 ChF, BEMEHHFERERER A
W B ME ST B RE W BRE,
1.15 SitZEaH

1# i Graph Pad Prism 8.0 .SPSS 25.0 # #F#:47
it F AT, KA student-T £ 36, 3 DL xxs %
T,P<0.05 F ZFEHGITFE L,

2 # B

2.1 oxLp(a){@i# HUVEC &£T

HUVEC £ 100 mg/L oxLp(a) %5 24 h J5 , 1=
A2 43 NLRP3 ., pro-Caspase-1 ., Caspase-1, GSDMD |
GSDMD-N #E [1 7K 7 ¥ i 25 7t i3 (P <0.05) , Hor
NLRP3 F & 2.5 1%, pro-Caspase-1 5 1.94 ’f%,
Caspase-1 T+ & 2.97 %, GSDMD F+ & 2.35 %,
GSDMD-N Jt /& 1.82 f%, H Caspase-1, GSDMD
GSDMD-N #EFIK & T Lp(a) H(P<0.05) ;
RIEHF 1L-1B 1L-18 K I mRNA F£ik /K34 5
FHFHR (P<0.05) , H 1 IL-18 mRNA FRik7K-F- T 5
8.55 i, IL-18 mRNA Fih/KF-F+75 2. 84 %, H ik
FET Lp(a)4l(P<0.05) , FHiH 5L " HUVEC
JIE 1 B B AL, PT P 0 IR T 55 9. 78 % (P<
0.0001), HBFET Lp(a) 20 (P<0.05;/8 1), LI
SRR oxLp (a) AT #F HUVEC #1712, HAEH
[ Lp(a).,
2.2 oxLp(a)E HUVEC ZHi{kIhREFERS

2 oxLp (a) A0 BLIG , R IA T REAR B A AL
Yo 1k 38 56 W) B0 2 Ry LTS H T la
(peroxisome proliferator-activated receptor y coactivator-
la,PGC-1a) JZIFWZ K F 1 ( nuclear respiratory factor
1,NRF1) AZIF K 2 (nuclear respiratory factor 2,
NRF2) & 17K P35 18 3 T % (P<0. 05) , ot NRF1
T 57.5% , NRF2 T [% 69.4% , PGC-la | [%
87.3% , HAFH BT Lp(a) (P<0.05) ; mROS
FEES T K BN (P<0.05) , Ht mtROS J i
2. 11 1% 58 /K THE 3. 56 i, ELAE A B & T
Lp(a) (P<0.05) ;&S BB T BoR &R IEIE SR
WA LA i ik | 5 JB ORE T 2k | 06 4 g 2D
FEATH A I ] s e, AR R i Bk e o AR ] AR Ry
KULR G5, PR KRR B L5 =% (B 2);
MMP J ATP /K53 TR .mPTP {8 & 3% T (P<
0.05), H:if MMP T [% 85.3% , ATP /K¢ T [%
68.7% , HAEF & 5% T Lp(a) (P<0.05; & 2), LI
S RFEW]  oxLp (a) AT SRR X Ze ki iR Dy fig
H oxLp(a) EH B &3 T Lp(a) .
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NP [ I 11002 [ o) " - T Woxpa) 3T | Moxp@ ab
— © 9o -} >5g
P > 4= e oc
pro-Caspase-1 | : 45 kDa 25 3 ab 2 <9
— £2 H Z56
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25 £ 254
> [ =1
. k) 8 ro2
Tro £
GSDMD-N | T e i —— |3o kDa T o

0
IL1B IL-18 IL1B IL-18

GAPDH | s s s | 37 kDa

Lp(a)

E Control

Hoechst33342

3

—

0
Control - Lp(a)  oxLp(a) -

1. oxLp(a) ¥ HUVEC &£ T-HIZM(n=3)
A B A Western blot K #E 14134 F NLRP3 ,pro-Caspase-1 ., Caspase-1,GSDMD ,GSDMD-N # (1 #15 Je JK BE (B S5 H4047 , C A ELISA A6
RAERF TL-1B IL-18 /K-, D 24 RT-qPCR il A K F TL-18 . IL-18 mRNA 335, E A4 L A 0 40 Bt 24 ( I =1 pm) ,
F 2 Hoechst33342 F1 PT XCE J4 (e I 40 A I T FAE T 18 00 ( LL IR =300 um) , G 2 PT BHPEAIMIGE 15347 .
a A P<0.05, 5% 4L LL# ;b o P<0.05,5 Lp(a) A LbEL,
Figure 1. The effect of oxLp(a) on the pyroptosis of HUVEC(n=3)
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%] 2. oxLp(a) Xt HUVEC &H A IhEERIRME (n=3)
A B 24 Western blot K7 IUZE KA RERE [ NRF1 \NRF2 \PGC-la B Rk KK EEMESE1T43HT, C D 24 MitoSOX JEK I 41 ALY mtROS 7K |
Fluo-4AM 738 % SR vk 0 1 LR A4S 85 17K ( FLBIR =300 wm) B LG H00T , B i S B i 2ohi g 4
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a A P<0.05, 53T B4 H# ;b o P<0.05,5 Lp(a) A4,
Figure 2. The effect of oxLp(a) on the mitochondrial function of HUVEC(n=3)
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2.3 oxLp(a)#P%l CYTB EBHRIE
F 100 mg/L oxLp(a) Ab ¥ HUVEC, W2 H X} £k
PAARILR CYTB kB2, 4558 &8, CYTB )&
1) mRNA ik K3 i 2 AL (P<0.05) , Hr
CYTB 17K FFF% 78. 1% , H. oxLp(a) X CYTB &
F R I/ 3550 T Lp(a) (P<0.05; 8 3)
[RIHCHED  oxLp (a) 2t HUVEC £&Ki 44 3 BE i 15 7] fiE
EHAMG CYTB B FA A%,
2.4 CYTB ERiEMF oxlp (a) FSH HUVEC
-

oxLp(a) T CYTB & H#ik, HHEGHF
oxLp (a) MIEH M ANTERE, b T E—249¢ CYTB #£
oxLp(a) S HUVEC T & mtROS A= i ih & 1%
KIEVER, 17 HUVEC #% 0% CYTB &b 33K 18 95 35 .
Western blot Z3#T45 R | i ik CYTB #ORE =
(P<0.05), oxLp (a) I 1 2 B £5 T2 4 % 70 +
NLRP3 .GSDMD ,GSDMD-N | pro-Caspase-1 , Caspase-1
FEHKE, B R EY CYTB i £k (P<
0.05), H:th NLRP3 T [% 44.0% , GSDMD F [%
40. 0% ,GSDMD-N T [% 34. 7% , pro-Caspase-1 T [

B ~
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