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[ ABSTRACT] Aim  To investigate the effect of succinate on pyroptosis of human umbilical vein endothelial cells
(HUVEC) and its regulatory mechanism. Methods HUVECs were treated with succinate analogue diethyl succinate
(DS) for 24 h, and the content of succinate was detected by colorimetry. ~ Western blot was used to detect the expressions
of pyroptosis-related protein cysteinyl aspartate specific proteinase 1 ( Caspase-1) , interleukin-18 (IL-1B), IL-18, NOD-
like receptor protein 3 (NLRP3) , gasdermin D N termine ( GSDMD-N). The effects of succinate on ATP and reactive
oxygen species (ROS) production of HUVEC were detected by ATP assay kit and ROS fluorescent probe. ~ ROS scavenger
N-acetylcysteine (NAC) was used to observe the role of ROS in HUVEC pyroptosis induced by succinate.  Dimethyl mal-
onate (DMM), a succinate oxidation inhibitor, was used to detect the effect of succinate oxidative metabolism on ROS pro-
duction. Results DS promoted the accumulation of succinate in HUVEC, up-regulated the expressions of pyroptosis-
related proteins Caspase-1, IL-1B, IL-18, GSDMD-N and NLRP3, inhibited ATP production and up-regulated ROS pro-
duction.  NAC inhibited the production of ROS induced by succinate and down-regulated the expressions of above pyropto-
sis-related proteins. DMM down-regulated succinate-induced ROS production and HUVEC pyroptosis. Conclusion

Succinate up-regulates ROS production through oxidative metabolism, thus promoting HUVEC pyroptosis.

[ EH]  2020-08-28 [fEEHHI] 2020-10-27

[E4TH] EXRHRFEES(31670962,81370378 ) ;IR 448 THEZ: I PR 1 £ T91 (20200011-1003 ) 5 1RG4 e A= A 35 1)
A YIZR-RITH (S201910555137)

[1EEEIN] T, LR A D507 ) sl Dk ok A6 A8 Ak X R 0 5 5 B ¥R 254tk , E-mail 25 1029645492 @ qq. com,, E {5
YEH G248 T 2085 IR 98 AR 00, WIF5E 7 1 > 3 Fkos A A L9 PR i 2 55 B YA 3 i, E-mail 2 759353094 @ qq. com,,



CN 43-1262/R " [E S fikalifb A4 ids 2021 455 29 555 1 #] 43

K HE A 4L (atherosclerosis, As) R 18 Pk R i
YRR R | 05 N B A A TR AL Ry As AR R
AR EEARA ) PRI R B, =R IE R
Hh A R AT AR e i AE BE R AR AR I 5 4
MIIREI S5 As & RBIERED . BRI N =
RGP A A 8, L R AE Y 1Y
BERCLL 55 N B A B i s 45 . BR TR /N
B Ok R B R SR AN B 4 R A R O1B
(interleukin-1B, IL-18) 1 F& ik 25 W i 4 B 711
lig/G 3 {8 BE 57 1A 91 ( G-protein coupled receptor
91,GPROL) 5 5 (e b i K 5t 3% 1R, 453 03 A I
Tk N ﬁéﬂﬂﬂ@( human umbilical vein endothelial cell ,
HUVEC) ”’, Koenis 25" &l Nur77 @RI As %
AR TZASE A /N BRI 3% B R K T B R 8 m, JF B
Nur77 ™~ 1Y LW 40 b 32 30 e K B AR E  (EL 3R 3 TR
FRES 55 158 PN B 4 2R 0% AR ] DG R i AT AE

AN AR T (R RPN AE TS ) K&
AT As R IS As RCEEE I ik
T-3 T, Nod FEZ AR 11 3 (NOD-like receptor pro-
tein 3, NLRP3 ) RAE/IMARF AL , 2 Do 2 R KA =R
Y5 M H B¥ 1 ( cysteinyl aspartate specific
proteinase 1,Caspase-1) RS F# G , N5 1L-
18 A1 IL-18 By T AT A 15 b S 2RI B 2R D
(gasdermin D, GSDMD ) , It 4), Pro-Caspase-1 it fig
HHEZH GSDMD fil & F5 12, 2 5 148 N K 40 i)
5 LA K g TG AR T M 48 (reactive oxygen
species, ROS) J& 4 ffd £ T- 5 2 10155 3 43 T, Koenis
AL R IR BRFAR K 2 LAY Nur77 ™ W 40 i 1 B
ARKER ROS 774, I, A SCR AN BE
RS ALy WL B IR X L5 P9 B 2 L ROS 77 A LA
RAET RS2, AR 3% 30 XTI A P B 240 o 4% 1
AL S L]

1 #EFTE

1.1 ZHpatk 55

HUVEC W B B A ¥t Ll £ L 5 4 f
A SR AT, 353 B = 7. B (diethyl succinate,
DS) .7H —# — ¥ &g ( dimethyl malonate, DMM) N-7,
Bt ¥ it & B ( N-acetylcysteine ,NAC) i B TCI( L)
o T & RARAE,JEH B 60 2 XA & W
# % Bl Sigma-Aldrich 2 & , DMEM & # 3 5% 3
4 i 7% (fetal bovine serum, FBS) 4 H % [& Gibco /A
A L,ATP M Z XA &M E P EEEEREN TEF
% BT, ROS & M % Xt % 4 = 4 ¢ %

(dihydroethidium, DHE ) ¥ & iT 7 81 % & 4 & A &
MAERAT ,BCA EAEERAEWH P E il
K2 R IR A F L9 K & D N 3% ( GSDMD-
N) .IL-18 . GAPDH , Caspase-1 . NLRP3 & ¥ & =
Proteintech /2 3] | IL-18 F01& 4 3 F % [E GeneTex
ANE]

1.2 HUVEC g5 5 4038

HUVEC % H 4 10% FBS #7 DMEM & # 3% 75 3
Bk, MmONFEF L K D4 DS (T B E 3 e R A &
B AR P IR B ) DS By 2R A 10 mmol/L;
2.5 mmol/L NAC T4 # 3 h & m A\ DS 4 3 24 h,
W ROS #t DS 1% 5 oy it & W 28 B E 1 8 %R
DMM 4L 22 6 h J5 A A\ DS 4L 3 24 h, W 2 5% 7 %
AMNRA A X ML N K M ROS = 4 UK E T
i % 7E , DMM #93% & 10 mmol/L,

1.3 BCA EATEE;

o BB LA 5 AL FEAE S, B AR BLAE 562 nm K K
WM EFRFERAE, RETEH R TEEEFE
BARE,

1.4 ATP S=EMNE

H Uk S 47 B B B Am N 90 ~ 100 °C W #E A, BT
A (90 ~100 °C) ¥ H 47w wr | 54 20 e &
T KA B A #k 10 min, BUCE 40 80 2R 1 mL 7
BAREA 1 min, 4% 5% B LA B Ak A, & B R
A L,EETEE S ming B W K K 636 nm, KAE K
0.5 em, WA AR E, M % & & R AEA, 1RFH 2
ER,

1.5 ROS ®F#HET DHE &l

M SR 48 B 4L 3 BT B 48 L, Bl PBS Uk 3
Ko MNAWKE K 50 wmol/L #y DHE & , £ 37 C
A A6 AT E 45 min, PBS 400 3 K,
R 6 min, KEEWMENE , REHF2ITER,
1.6 Western blot #&2illFE A IR IE

W B8 4 B A R FRA B PBS 3 %k, An N B AR
g4 C#E 30 min, 12 000 r/min B 10 min ,
FHEEXRABCA ZH#HITEEEE, HWEAL
SDS-PAGE # Ji #. ik % % JF %% % % PVDF J£ b ,5%
RG24 8 H A 2 h, hm N AR GSDMD
(1:1000) IL-18(1 : 1 000) . IL-18 (1 : 1 000) .
Caspase-1(1 : 1 000) \NLRP3 (1 : 1 000) ,GAPDH
(1:2000)4 CH#E#HLH,TBST % 3 K, & X 10
min, M ZHEFREE 2 h,ECL X Lk A B &, 4
1.7 RMBSENE

W B 28 L, AR vk R PR IE AT Am N 100 L 1R R



44

ISSN 1007-3949 Chin J Arterioscler, Vol 29 ,No 1,2021

IR M & oF A, L 10 000 r/min %% 10 min, 48
ELER, RAFHBRLENE XN &, mWAER
B4, 4 37 °C T # 4 H F 30 min,450 nm 3 K 4
RN
1.8 SFitFEFE

B B A M wes BT
Plus ,GraphPad Prism 5 % 1 8 1 38 17 #0 48 2 47, 4
] B R A 7 T Kot A By, P<0.05 ks = R A
AHITFE L,

iz | Tmage Pro

OISR T SR 2Ll DS Ab3E 24 h 5 I
B AN P9 BR A R 5 i, 45 1 SR DS WA B ifn 4
N BZ 40 N BE AR & (K 1A) o SR )5 Western blot
KON T DS X I AE P Bz 4 M AR T A SGBR F1 NLRP3
GSDMD-N | Caspase-1 . 1L-18 LA J& IL-18 5 F £ i5HY
RN, 25 568 DS [ NLRP3 \GSDMD N . Caspase-
1.IL-18 AKX IL-1B MYRIA (K 1B) , ixsegh 3R]
YRR BE IR B B AR T,

2.2 IFEIAEGHDH] HUVEC B9 ATP 4R

éﬁ*ﬁ%%éﬂflﬂ@ﬂ’]ﬁﬁ%IF,ATF JEHEFRFHLIAR IE
) & B WAMNE SR EEY) B, ATP & @A I A% 45 5%
= B DS #4 ATP A= (K 2) .
2.1 IEIABE HUVEC T
R T EHRETBE AR X ML PN B A AR T R
A } B
_ 20 a Control DS B 8r EmControl DS
éw.s— NLRPSEIﬁskDa %Z
§§ Caspase-1 EIM kDa _E sl b _?
§2 101 GSDMDN[ ——= |53kDa 8, : i
3*‘: > (0] | a
"’g o5k IL-18 [ | 22 kDa Eg .
© ILAB | w= == [17kDa @ |
0.0 Control DS GAPDH | v s | 37 kDa oj i i i i—
P e AN
& v
0’0‘9 66

B 1. EIAEZIR HUVEC £1-(n=3)
A} DS & HUVEC NBEFIBRE AL By DS 4b 3 HUVEC 24 h, Western blot #:l£E T-41 565 F1 NLRP3 , Caspase-1,GSDMD-N |
IL-18 DL IL-1B MRk, a A P<0.05,b N P<0. 01, Control £H L%,
Figure 1. HUVEC pyroptosis promoted by succinate (n=3)
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Figure 2. Effect of succinate on mitochondrial ATP
production in HUVEC (n=3)
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Figure 3. Succinate promoted the generation of
ROS in HUVEC
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Figure 4. NAC inhibited HUVEC pyroptosis induced by succinate (n=3)
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Figure 5. DMM inhibited HUVEC pyroptosis induced by succinate (n=3)

NS AL PR HUVEC £2 11 1 38 B RS 15
FE AL = B i i 3% ROS-TXNIP-NLRP3 4 JiE
ARSI B D RER G BRATT A4 R
FOABE RIS DS BN T A N K 40 ROS &
i, ROS W5BRF NAC 7] FEAR 4L N ROS & &= IJFF
VEBE BRI S N B 40 AR T M O R
NLRP3 ,GSDMD-N | Caspase-1. IL-1p 1 IL-18 [ %
ik, W B8 30 R W o ROS % 42 4 1fL 45 P9 B2 40 i
BT,
AL ROS e V5 I W2 B LA KRS 4 1 SR AR
T L AR R B DMM AR R 4 0N SR IR
FEH T 43 W AT ROS 1 7= A, ZEARAF G PR ATT R
FHBEIAMR i B0 H177) DMM LB 3% 3 2 E AL AR5
XF ROS A 52 , 45 9 & B DMM B {2 38> ROS
(7= A S AE TR 962 F1 NLRP3 . GSDMD-N | Caspase-
1 IL-1B 1 IL-18 AYERIA , 2R W40 M PN 3% 301 2 38 1o 41
fEiE R38N ROS A i MEB RO BT Lt £
P2 F W58 R BLBE FA i w410 1 7). DMM . 38 5 41
Tl B B %) 48 Ak 3 ol S S0 0t P B A B0 G

B Mills S5 K B DMM il i 22 4
A TL-1B A=A FH JEAE SO, 38 75 38 1o 410 il
BEIAMR A A A A QI AT LU ) 1 A8 P B 20 i £ T O
PRI N B AN RE

g5 L RTA BRI E i A AL AU R AR I ROS
AR A 8, D2 LA PN B 2 A T (BB FATRAE As K2
S S AR A o Tt — 2 BT FNRALE

[ &% 30K ]

(1] 2= ¥, FRNmE, % oK. 10078 P H 240 1 ) s 5 473 B
RBFgE It R[], P E s Bk AR AL 245k, 2019, 27(8):
730-736.

[2] Martinez-Reyes 1, Chandel NS. Mitochondrial TCA cycle
metabolites control physiology and disease[ J]. Nat Com-
mun, 2020, 11(1); 102.

[3] Mills E, O’Neill LA. Succinate; a metabolic signal in in-
flammation[ J ]. Trends Cell Biol, 2014, 24(5) ; 313-320.

[4] Tannahill GM, Curtis AM, Adamik J, et al. Succinate is
an inflammatory signal that induces IL-1 beta through HIF-
1 alpha[ J]. Nature, 2013, 496(7444) . 238-242.



CN 43-1262/R " [E S fikalifb A4 ids 2021 455 29 555 1 #] 47

[5] Peti-Peterdi J. High glucose and renin release; the role of
succinate and GPR91 [ J]. Kidney Int, 2010, 78 (12):
1214-1217.

Koenis DS, Medzikovic L., van Loenen PB, et al. Nuclear

—
@)}
[

receptor Nur77 limits the macrophage inflammatory response
through transcriptional reprogramming of mitochondrial me-
tabolism[ J]. Cell Rep, 2018, 24(8) . 2127-2140.

[7] Xu YJ, Zheng L., Hu YW, et al. Pyroptosis and its rela-
tionship to atherosclerosis [ J]. Clin Chim Acta, 2018,
476 28-37.

[8] He Y, Hara H, Nunez G. Mechanism and regulation of
NLRP3 inflammasome activation[ J]. Trends Biochem Sci,
2016, 41(12) : 1012-1021.

[9] Xi H, Zhang Y, Xu Y, et al. Caspase-1 inflammasome acti-
vation mediates homocysteine-induced pyrop-apoptosis in en-
dothelial cells[ J]. Circ Res, 2016, 118(10) ; 1525-1539.

[10] Yang L, Yu D, Mo R, et al. The succinate receptor GPR91
is involved in pressure overload-induced ventricular hypertro-
phy[J]. PLoS One, 2016, 11(1) : €0147597.

[11] Wu JY, Huang TW, Hsieh YT, et al. Cancer-derived
succinate promotes macrophage polarization and cancer
metastasis via succinate receptor[ J]. Mol Cell, 2020, 77
(2):213-227.

[12] Li Y, Liu Y, Wang C, et al. Succinate induces synovial
angiogenesis in rheumatoid arthritis through metabolic re-
modeling and HIF-1 alpha/VEGF axis[J]. Free Radic
Biol Med, 2018, 126 1-14.

[13] Wu X, Zhang H, Qi W, et al. Nicotine promotes athero-
sclerosis via ROS-NLRP3-mediated endothelial cell pyrop-
tosis[ J]. Cell Death Dis, 2018, 9(2) . 171.

[14] Wu LM, Wu SG, Chen F, et al. Atorvastatin inhibits py-
roptosis through the IncRNA NEXN-AS1/NEXN pathway

in human vascular endothelial cells[ J]. Atherosclerosis,

2020, 293 26-34.

[15] Zeng 7, Chen J, Wu P, et al. Ox-LDL induces vascular
endothelial cell pyroptosis through miR-125a-5p/TET2
pathway[ J]. J Cell Physiol, 2019, 234(5) ; 7475-7491.

[16] Wu P, Chen J, Chen J, et al. Trimethylamine N-oxide
promotes ApoE ™~ mice atherosclerosis by inducing vascular
endothelial cell pyroptosis via the SDHB/ROS pathway
[J]. J Cell Physiol, 2020, 235(10) ; 6582-6591.

[17 ] Jardim-Messeder D, Caverzan A, Rauber R, et al. Succi-
nate dehydrogenase ( mitochondrial complex 1) is a
source of reactive oxygen species in plants and regulates
development and stress responses[ J]. New Phytol, 2015,
208(3) : 776-789.

[18] Li Y, Jia A, Wang Y, et al. Immune effects of glycolysis
or oxidative phosphorylation metabolic pathway in protecting
against bacterial infection [ J]. J Cell Physiol, 2019, 234
(11) : 20298-20309.

[19] Beach TE, Prag HA, Pala L, et al. Targeting succinate
dehydrogenase with malonate ester prodrugs decreases
renal ischemia reperfusion injury[ J]. Redox Biol, 2020,
36 101640.

[20] Kula-Alwar D, Prag HA, Krieg T. Targeting succinate me-
tabolism in ischemia/reperfusion injury [ J]. Circulation,
2019, 140(24) : 1963-1970.

[21] Zhang J, Wang YT, Miller JH, et al. Accumulation of
succinate in cardiac ischemia primarily occurs via canonical
Krebs cycle activity [ J]. Cell Rep, 2018, 23 (9):
2617-2628.

[22] Mills EL, Kelly B, Logan A, et al. Succinate dehydro-
genase supports metabolic repurposing of mitochondria to

drive inflammatory macrophages [ J ]. Cell, 2016, 167

(2) . 457-470.
(ULComiE )



