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Ubiquinone oxidoreductase iron-sulfur protein 4 participates in vascular smooth mus-
cle cell pyroptosis induced by Chlamydia pneumoniae infection through affecting mi-

tochondrial function

ZHANG Yuke, ZHAO Xi, ZHANG Lijun, WANG Beibei, MIAO Guolin, ZHANG Qi, ZHANG Lijun

( Department of Physiology and Pathophysiology, School of Basic Medical Sciences, Tianjin Medical University, Tianjin
300070, China)

[ ABSTRACT] Aim To explore the pyroptosis of vascular smooth muscle cell (VSMC) induced by Chlamydia pneu-
moniae (C. pn) infection and its possible mechanisms. Methods  Primary rat VSMC were cultured by explant
method.  After the model of VSMC infected with C. pn was established, the changes in morphology of VSMC were observed
under an inverted phase microscope, the lactic dehydrogenase (LDH) content was detected by the kit, and the expression
levels of GSDMD and Caspase-1 were determined by Western blot, the changes in mitochondrial oxidative phosphorylation
and the expression of complex-related proteins were measured by quantitative proteomic analysis by tandem mass tag tech-
nology and gene ontology. Results Compared with the control group, bubble-like vesicles were found outside the
membrane of VSMC after C. pn infection under an inverted phase microscope.  After C. pn infection of VSMC for 36 h and
48 h, LDH content increased by 38.92% and 79.54% (P<0.001), respectively, and the expression of pyropotosis-
related protein GSDMD increased by 1. 74 times and 1. 67 times (P<0.001). After C. pn infection of VSMC for 48 h,
the expression ( pro-Caspase-1) and activity ( Caspase-1 p12/pl0) of Caspase-1 increased by 2. 69 times and 3.47 times

(P<0.001), respectively. The mass spectrometry results showed that there were 20 differentially expressed proteins en-
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riched in the oxidative phosphorylation pathway after C. pn infection, and at the same time, Complex I ubiquinone oxi-
doreductase iron-sulfur protein 4 (NDUFS4) decreased significantly.  Further Western blot results showed that the expres-

sion level of NDUFS4 decreased by 57.5% and 57% (P<0.001) after C. pn infection of VSMC for 36 h and 48 h respec-
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tively.
ulating NDUFS4 expression.
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Figure 1. Morphological changes of VSMC after C. pn
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infection are observed under an inverted phase microscope
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Figure 2. C. pn infection promotes LDH release
from VSMC (n=4)
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Figure 3. C. pn infection induces GSDMD protein
expression in VSMC(n=4)

(n=4)

2.2.3 C.pn B#FALH VSMC ¥ Caspase-1 89 & ik
B AL FIH qRT-PCR $ AR KM C. pn B Y
VSMC 24 h #1136 h Ji7 Caspase Z %M 51 mRNA 7K
FARAE, 53R R, S5XFRRZH (0 h) M LL, C. pn JEHe
VSMC J& , Caspase-1 mRNA FyZ3i5 5051 T+ 2. 16 £5
F12.57 £%(#) P<0.001) , 1fif Caspase-2,Caspase-3 .
Caspase-6 , Caspase-7 | Caspase-8 , Caspase-9 | Caspase-
11 ,Caspase-12 F1 Caspase-14 A mRNA 33k /K48
TG 122 7 b5, K FH Western blot 52 56 46
T Caspase-1 [} 3&15 ( pro-Caspase-1) NG ( Caspase-1
p12/p10t™) &R C. pn JEY VSMC 48 h J& Caspase-1
FERAEHE A HIHE AN 2. 69 £5 1 3. 47 15 (] P<0.001;
Kl4),

A 4 a
2 a 0 h mem24 h mmm36 h
€3
(]
&
S
=
g1
Q
T o
- A A AL 2 §e) o A 5] 9
2S© c© e e g SO SO SO SO SO
o™ pet® Gaspas Gaspas @ 29 2% 0¥ o0 e
Cs 500 D& 600
e, s a
B Cpn Oh 36h 48h =2 400 a 2
pro-Caspase-1 [ 420§ § %0 §5 w00
Caspase-1p12/p10[ . e W |17/15kD § 3 200 59 200
. SO 100 2
B -actin [ se— —— 45 kD % 3
0 g 0
Cpn Oh 36h 48h & Cpn Oh 36h 48h

E 4. C.pn BEXT VSMC H Caspase-1 mRNA F1E A RIERLIFEMZIE(n=4)
A K C.pn [EHJ5 VSMC H Caspase ZX % mRNA FKIAIKF;B ~D g C. pn JEYL S5 VSMC H Caspase-1 5 H I FRIAFIETEZEAL
a9 P<0.001,5 C. pn YL 0 h Hodk,
Figure 4. Effects of C. pn infection on Caspase-1 mRNA and protein expression and activity in VSMC(n=4)
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Figure 5. C. pn infection affects the mitochondrial oxidative phosphorylation-related pathway in VSMC

2.4 C.pn BEF T VSMC &R Complex I
NDUFS$4 3%

ARV C. pn JBRYL I T 23 38 1 52 Complex FH
KRR IS PRI e AL, AR AE ik
S A b — 20 ] ER B B A A A AR
JrdH 5 SEg A C. pn B Ys VSMC J5 Complex AH G
EEABE, 25REY],EA Complex 1 4
KEMAT NDUFSA FREfch BE (Kl 6A), #E—2
f) Western blot S£55 7K, C. pn J&Ye VSMC 36 h Fll
48 h J& ,NDUFS4 5 [ 3RA B0 BERZL (0 h) 43 51 F R
T 57.5% M 57% (¥ P<0.001) (KI6B) , iXEL5LH
Z5RFEW] . pn JBYLA] N H NDUFS4 ik,

3 3 i

O MG SR ST R AT, Vi
JEUM NZSARE I , 1M As 2 T2 B BLEE A As BEBR
ANFERE S 18 ) B B A 2 e O I A S e AR Y
FEEAN, P, B E As BEBCAERE BN R I

HAEFIBUHR, S BT AI6 7 H0 AR, B O I8 R
I 1 i 0385 R R AR R P ) A

C. pn B HEEHOA R E B UG, Bl filf
FIs 40 M oy o (4 A & 1B (interleukin-1B, IL-
18) ™)t fE % ffi VSMC A1 PN B2 40 o W IL-
17151 I 0 E 21 4 W 14 AR RE SN, 384 0 B B (1
AR S As BEHORFRE 1 2R L
WA T — 2 W], Pan %' 4238, ox-LDL 1] 5
T VSMC &7, NEE As AR, R B, A
/NEUAY As BEER N Y VSMC &A= 212 )5 nT RE S BTk
AREMIDET H 2% B R G 20 B B il 22
B (lipopolysaccharide , LPS) A i1 3% NLRP3 &Pk
JIMALEHE HOC2 Ol a7 A, C. pn JE& G
W AT 3E o WG NLRP3 5] 2 i) 1 Bz 40 i 42 9 J
R T NLRP3 il ST gk ie, KT
C.pn BRI R TEHe /55 VSMC fE12, H Al M A
A,

AFEEE R B R, C. pn BEYLJG , VSMC BEAM
AR ), VSMC H1 ) GSDMD Al Caspase-1



578

ISSN 1007-3949 Chin J Arterioscler, Vol. 31, No. 7,2023

D3ZS58/Ndufa2
G3V644/Ndufv3
Q5XIH3/Ndufv1
AOATW2Q6F8/Ndufa1011
B2RZD6/Ndufa4

| | Q5RJNO/Ndufs7
D4A3V2/Ndufaé
Q641Y2/Ndufs2
Q66HF1/Ndufs1
Q63362/Ndufas
D3ZG43/Ndufs3
D4A4P3/Ndufb3
Q5P0OZ9/Ndufc2
D3ZLT1/Ndufb7 0.4
P19234/Ndufv2 .
AOA0G2JVL6/Ndufa8 0.2
XN 3

BOBNEG/Ndufss
F1LXAO/Ndufai2
QEOW8ONdutat1 |
Q5BK63/Ndufag -0.
AOAOG2KAA3/Ndufa3 4
F1LPG5/Ndufba 0.

D4A565/Ndufbs
B2GV71/Ndufa1s
PODN35/Ndufb1

D3ZXX8/Ndufa412
B2RYW3/Ndufb9
AOA0G2JZF6/Ndufaf2

Cpn Oh 36h 48h
NDUFS4 | e === s | 20 kD

B -actin | e s—— | 45 kD

—_
)]
o

-
o
o

)]
o

£
R
i

Mock 2
Mock 3
Mock 1

C.pneumonia 3
C.pneumonia 2
C.pneumonia 1

D3ZF13/Ndufab1
D3ZZ21/Ndufb6
B2RYS8/Ndufb8
D4A0TO/Ndufb10
Q5X179/Ndufaf7

D4A7L4/Ndufb11 Cpn
F1LWG4/Ndufaf1

Expression of NDUFS4/%

o

I a a
Oh

36 h 48 h

QINQR8/Ndufal4
D3ZU19/Ndufaf8

B 6. C.pn B3 VSMC ZHIEFFIE % Complex I NDUFS4 3Ri%k B %20
A hy BRI AR A 1 e AR T 250 BT C.opn R VSMC S5 SRR PSS Complex T HHGHE H Y AR4L
By C. pn J&Y% VSMC J7 NDUFS4 FE[£iE (n=4), aH P<0.001,5 C. pn JEYL 0 h LA,
Figure 6. Effect of C. pn infection on the expression of Complex I NDUFS4 in mitochondrial respiratory chain in VSMC
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