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Research Progress of Pyroptosis and Metabolic Diseases

TAO Zixuan, SONG Mingming, SHI Yujie, ZHANG Wenxiang, LIU Chang*, CHEN Siyu*
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Abstract Pyroptosis is a form of programmed cell death associated with inflammatory responses, which
is closely related to various metabolic diseases including hyperlipidemia, hyperglycemia, gout, and atherosclerosis.
Of note, caspase-1-dependent and caspase-1-independent pyroptosis are involved in the development of metabolic
diseases. In caspase-1-dependent pyroptosis, metabolic diseases-triggered danger signals activate Nod-like
receptor 3 inflammasome. The inflammasome initiates the pyroptosis and increases serum interleukin-1 levels,
and subsequently triggers the local and systemic inflammatory responses, further promoting the development of
metabolic disease. On the other hand, lipopolysaccharide released from Gram-negative bacteria induces the cell
pyroptosis by activating caspase-4/5/11. Inhibition of the inflammasome-pyroptosis axis may be a potential strategy
to improve the metabolic diseases in the future. However, given the underline mechanism through which pyroptosis
regulates the metabolic homeostasis remains elusive, further studies are needed to be investigated.
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BASRAFAE IR T HE s B — B 10 3 A0 24 s 4%
I R, A A T A D S R I A AR B R A
1207 3, BORMSZ BTN G SGTE . Hall iIwE 7T
R, A AR T S AR 1R AR R S IR 5K
PRtk 5 g2 A T AR A B R HE R b R AR
IR BEACHHE IR 2 B A T BB B, AL
X2 R T LA K S AR PR B 9% A Al g 2
ERIB, ARy € LA B A A TR g —
LW FORAT BT e g AR B (AR . 12 WA
I

1 YHREET
1.1 AT A

AR T e — RS R R A AR 7 PR
JUBE T, KA 5T 2% B 41 i A T 7 A 1 50 00 1
RAEKBHREEEEH . BRI E RS,
ONUVEESE, IR & S R R R e 5] i
Y AET- Y, ZYCHLINSKY 25 19924F 1 Ik i ik
THBPETIR, X— IR HCOOKSONHIBREN-
NANT2001 1 R 4™, 4 £5 T 19 RRIE A 4 1%
caspaselBUih FEME AL &L, difupiik, &S
AR N BRI, AT 9 B ) 28 0 e T 4
W AE AR LA N — o B S 1 5 R S % IS, E BT
A B AN TR IR G AR R AR D gE AR
T AN RETH B T Ji 4 52 ) 1 40 e o8 B0 5%, T EL
T BERE TR G R R0 BB P 25 0 55 R W0 e e A
Jia, A6 Bl T8 B AR P B S AR SR A i A
T3 BTG A 2 0 B 280 I N, fE — e R B R
LB
1.2 AT RIS FHLE

I i B T 2 I I AR H caspase- 1 B IR (K #fi cas-
pase-1 FIALHIBEAT AT . fERE 5 ¥0E N caspas-
es-1/4/5F1 R caspases-1/11, 241X £ 58 1% caspase i il
WG, £33t — 1)) %] GSDMD(Gasdermin D)8 A, 7~
A 2 FR v (- ) D 172 47) GSDMD-NM21, H g A7 75 i
It — P 5 R AL, R B RN AL 20 B R
AR U, X A T ) ) RE PG T B M P AR
2 M EY) KX A2 1B(interleukin- 1P, IL-1B)%%
& R FRE IR, 77 A 0 S N

Caspase- 1 4R 1) 40 Jfd £8 T2 46 T 98 E I8 S22 A1
oy TREECH R M RORE 18 B L5 1 Je R
G g% [ N, A0 i IRk 57 A A5 R A 52 4K (pattern rec-

ognition receptors, PRRs)Mi B2 i AH ¢ 7 F 115X
(pathogen-associated molecular patterns, PAMPs) I
& 6 B 451495 0 9% 43 145 2 (danger/damage-associated
molecular patterns, DAMPs) /5B GL 5l 0 B 14 28 4iE
Z 5B RAER KA,

Nod#FE2Z /& (Nod-like receptors, NLRs)V. HLA4v Ii]
J¥ DAMPEL PAMPAEBC G , TERU 2 8 A B &Y
PR JESE IR T 589 /IMA ) 2B L B0 caspase-1,
caspase- 14 GSDMD & HI#E NP AN 5, GSDMD-N
TN 20 BRI TY SO TR A LTE U278 SRR T 2 B
PN, SEGIIK . B3, 1LY caspase-1
W REIFIIL-1 BANIL-1 8 B AR 3E He Rl AR 73 st 5
BORIE PR A . V2 T B0 JORE /MR G K
FET, WHIT A 2 I Nod P 52 /4 8 [ 3(Nod-like receptor
pyrin domain 3, NLRP3)Z 5 E G = 5T
AR B, NLRP3IFE 32 645 PAMPs. 21 B 25 % A1
DAMPsTE N 12 PP 25T, WS PES (reactive oxy-
gen species, ROS). =il #% % 5 1 B1(high mobility
group B1, HMGB-1). JREZ&1A. WidERE . 44t
ATP. BUE¥n i ER 2 e A [E B A 1, s I fg
e UK IR I 15 6 A 56 23 B 20 NLRP3 A ik /)Mo
IEAN A LTS 3 R RO e Wik BT i A4 e A FH
FEUABARRRE, B 25 G BIE 3 NLRP3 5 5
2 FEEE [ (speck-like protein, ASCs) AR B4 F LT 51
REETP,

SIS UEYE R B, 22 QY M R AR B i 2 W
(lipopolysaccharide, LPS)/2& 175 & 2 i £5 1 ) 5 22 [
= 25 caspase- 1 IR B A AE T #2 . LPSH
1% 5 caspase-4/5/11 (1) [t R A& il 55 2 25 14 35k (caspase
recruitment domain, CARD)%5 &, 5% caspase 5 R AL,
— H A 18 , caspase-4/5/11{F 214k 1] GSDMD
T, P2 E S A R T R,

2 MR SHERS

BEACE XA N A RS A EEAE . A
RIS FE - RIVEE R, bR . LR
E AR RE & U0 22 Fopi A o IR 44 BT 8 L% 1) i
CLZ W IE 52 5 NLRP3 AU 2 YIAR G,

Wil PRI A — i AR Sh e 8 L AR A
RE R AR TR . JORE I FE L AUE SEAE R
PRI PR SCBEAE Y, B S A2 A A 2 S8RE 5 W PR
A . — S DAMPSEUE #E /M, 53
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IL-1BFh s UM TR 2 51 SRR e . B
PRI A 1) v IR 8 ROS AT 240 28 7= W) (advanced
glycation end products, AGEs)/KF-F+ /&, 3 /& RIE
MR BOBE R . HR ROSTC AW RE R T
NLRP3RIENETE AL, G KAMMIAET: . QIUSE PHA
9, T MURE 5 5 NLRP3 48 E /IMA S0 5 2500 44 i £
TR BEAR AT ROSHITE Hte GAORE PR R I, &
IMUFE P 0E NADPH-2UL G R 40, 53 ROSH: H Al
NLRP3 &S /MATEYE Ei . ROSHEN DAMPsH#UE
RIE/NME, FEEAMAET . IL-1pK T &, S
BUREERAE" . AGEs/AK-FHE I SROSH K, Z 5K
PRIV EE 20E I 4EHE , 1X AT e 5 R MM Toll#F:
SRS A LM SiAk, Ani £ T i HMGB-1
JKF, HMGB-11E A DAMPs ] g fi 41 i £ 7 5 2 1)
RNE JLAE Sy B 2 S TBOR BT 3 B4 B RAE S

1T RS G AT RE A 1 S A A B S B AR T
YO T PR BA A 38 R T 3 4 %) 2 W T Al PR AR
G, PR IR Jit 28 SO e e R 22 ns — A% EF R (nicotinamide
adenine dinucleotide, NADH)/K -, 5 £ £k ¥ fAROS
FrAE, 3R 51 K caspase- 1A R R 41 B B2 T2 Al FU R BH,
Pk S NADHRE A S T A T=07 . 5522 IRIPIPESE TS
21 it 5 114 i 22 4 fi J 0 (2 )R OS I 7™ A Jin = vy AT
AR IS IR RO A5 1, 75 FNLRP3 &
FE/NMAEA FIAET . NLRP3 JEE /M (1) 2% 53 A58
PUEATIN- L Dt 2 IR V6 I AT LA GENLR P30
J5 AGEs 3 B g 5 40 M 453 50 ) SERE A (1)
WO BUE FRROSH Bl T 2% fff e I B AN BR324
TR B UL 4547

3 AT SEENIE
E B 5K B8 M ARE AR 5K, 18 1 2 W B
R G AR R OC IR RRE I R AR, an ik & 2= P AI
2BUFE PR, T 7 2H 2R 4 i R R 3 55 AT {2 A0 4 g
= A, i — R R S R R . VF 20t
FUUEBA, AEREAE S5 R8T 2 NLRPIFRIE T+ = %
NLRP3 48 JiFt /MR B (TL- 137 AR5 5 110 i 2 3%
HEHUAN2 BN R (1) R e b R B AR . IL-1pid
T b iR I 2 32 AR W 1 (insulin receptor substrate-1,
IRS-1) 7% 2 BR W B2 AL R R LRS- 1 366 [F 2 i B 45410
il g B R AT T g, W SRS Rt f£31Y)
SIS HR, A T B AR AL SR AW, TL-1B6R = 207
IR 2% At T T U 2EL 2 48 3R AR g B R HR TR IR 35

BB, E RS 4R TR AR,

U7 55 1B 7 B2 (free fatty acids, FFAs)/K P Ft & #
IR B e & 2R HR P A2 A B PR (1) B 2 4R
br, CL2 PRS2 /E NDAMPSHETENLRP3 % E /M A
PAMPsHMIDAMPs T fi¢ it il 18 1% 98 AE, [A) It 4% A
NRETIEAET, XN, mFFAZKF AT B8 5] A i £
T,

1o [F) 8 2 kU 2 (homocysteine, HCY) A& i Al AR
JER)FE RS R 2, © 4 R IAE I A8 3 I35 2 i 2 IR 7K
EFEEY, S KE THCY fELPS A 72 flR = R3S
TEE AT BN BRI, R B = /N R
A R A R /DN TR D7 B NLRP3 4 14 /IMA A B
&, TERR KA M 4m e A, HCINLR P31 caspase- 13035
A] B I AR T T AR AE AR B 4 T

¥ 1 TR B AE REFE AN AR T 4 i LA
KIHEHEEEY2FEUEFE AWM, ULAgIE
P22 IRIPEGH R B S . H AT & ESE, A
1= B B 2 1N LR LPS F 7K F, et i i P i 2
22 [QBAME R 77 42 B9, HERSOUGSE B4 4% 21| i iy 41
MIAET: 5ok B il BRI RE 2 0 0% e 0740 i Ay
[ LPS ] BE 347G caspase-4/5/11, JE 51 40 AT ;
LG AIMIE 7 40 B P9 B9 LPS BT B2 55 1 o 48 i 1 O /N 1
T RITEEIR 25 K R A R, AR HLERAT fRr ) B . LIUSEDS)
UERH, # K F--kB(nuclear factor-Kappa B, NF-kB){& 5
2 5 NR AR fE T, HRE RGeS m4H GSDMD
e S ATNLRP3 2 AE/IMATE AL, ATk 95 20 AR
LPSHIHCY ¥ B Ft =y vl 5] e G % N2, 5 caspase-1
WU NLRP3ZRE MR R A AR T O B ESE
S8 I AR 7 40 B RO S AR T I E UINLBE H e A
154, LAHASE PO | HCY A1 LPSA S 1 AR G
S 0 £ T 0] R T TR R R R U .

8 K 1 7 14 T 993 (non-alcoholic fatty liver
disease, NAFLD)[a] VRS 14 g 5 VT %8 (non-alco-
holic steatohepatitis, NASH) 132 f& I - JH Ak F0 21
IR PR R A B A 2 A o 9 o A R AT 7 R A
PN i 10 2523 4 Wt B A A4 T I DXL AR 2R L K
T8 2 B A 7 0 e A g 3 T 1 3 n i 51 R
RAPFAFLELL . 75 NASH S F/N §RAR B PR AT 26
AR U 2 3] LPS 18 1 caspase( A caspase-1/4/5, B
caspase-1/11)Jt &, 1X A GSDMD-NZE #4335 i1 85 7]
G EE TR AL T e k. DR, ZHRAR TS AE
NAFLDHJ R AR e h vl fe 47 2 A . GSDMD



1250

FENFE T HAT & RIS A M R 7 20 W . NF-xBI%
WA AR R . XUSE PHER] , GSDMD-NYE NASH
)R I R A 4 1 A 5, GSDMD-NTH 3 K 5
FIF4) , GSDMD () %55 B NASH) 7™ 5 15 52 1
e GSDMD™ /NG 7m i g D7 A8 AR b | AR ik A
FILW D, NEFAFERIZRIE B PY X NAFLDHZ (it
TOHTHIR ST SRS . S KRB R HMGBAE I 45 4%
JER AR TR EEAEH P, 2 M S EUR
(IR =15 FHMGB I\ A % 72 47 BI40 ot BB R
BN AR . 47 HMGB15 3532 44 TollFf
24K 4(Toll-like receptor 4, TLR4)FNHf HAHE LAY 2 7=
W) 5% 4K (receptor of advanced glycation endproducts,
RAGE)45 4, PIENLRP3 % 4iE /MA Ml caspase-1, 1 2%
FEUTMMAET . YUk E TR HMGBI, & % H-20
fifE T, ROYCHOWDHURY 25O H, IF4H 51
ALNEZSEUF A4 . SR, 4 iRs R AT
X NAFLDHMINASHHIE ISR AN, AT s ik — 2
B JE 2 L A T AL

4 YRR X HE MM R RANEN

I8 A H TR AR Je R S RGBOE N 30
SRS G E TR o IR R WL ) A R R vt R AE 5K
TN TR, IX AR SORE M BRI A 26
SN T TL-BRE T35 5| 8 XU RR 3 T B 1Y) 9 0E R
JSF, P B I A 5 K AR R e 2 g R S A
DUR AT o 40 B B T B - BE5E 4% IR AT 0K
RAE, {H I A A 75 e (2 a2k R KRR 1 R S R AT
RESAESY R R AN ER AR B DR /N R IR 2
HIGSDMDI¥) B 1], 4R IR ASHIDIZEM ) 512 56 41F BH,
GSDMDZ: R 8k A g BHLE JR BR A 25 F AR 5 S 4
MUBET: RIL-1PRE . (R, AN To R S 1E iR TT
I KUK BE AT 7 i — 2B T 9T

Y1 B B T 0 98 0 7E 1R 2 30 ik R R B AL b R 45
HEAMEH . BhBKoR FERE Ak R 9 £ Bl I R IL-1pF0
IL-18 1) b7t H 5 0 ™ 55 F2 FE AH O U, $2R R9E
ZINAAR 24 6 T 36 B B KR R R A R B A
Mo TR FE NG 2R R /N RS A, B i
NLRP3. ASCs} IL-10/BHk 5K HE 35 o038 5 ik ks
TEE AR R R T R o L 5 T A 0 B I/ o A
VBB ks AR R Ak A3 R AIE - CO N BTN . Bl
AT TR BH , JIE (] P 25 o 2 R DA W i A B0 B
40 Y NLRP3 28 1 /M . 48 B S0 A0 AR 2% B Ml

5 M (oxidized low density lipoprotein, ox-LDL)F1%,
1B I 2 W fie (2 a3k L 1R ot S0 8 8 JORT 32 30 Jhk 9 e
YT ¥, MicroRNA-30c-5pii it #1141 NLRP3
RAEMELRY T B ik A B2 40 1 5 T ox-LDLi% 3 1
FET2, IR (adiponectin, APN)J&—Ff] {2 AF1E
T MLV AE A H 0 A 20 M s R 1, A AR AT AT
By sk REREAL . ZHANGZE Y9I 52 K L, APNIE
T 4% X HE# 5% [K] - 4(forkhead box transcription
factor 4, FoxO4) 1| NLRP3 2 it /M T 1 41 o £=
T, ORI BNk A B 0, ek 28 DXL (R BT

5 MRETMRRESIDETriERMRE

PN 7N A AE T JRE I i B R HRPUP  — Bl 2%
R YT HE A, RINKESE PR HFFEUE I, = 20E /)
WE S RBRAEREREH T N A H A ER
D1 N =7 1 0 NN = =N e L s b R
KR o AR SEES = BRI IAE SR L, RIS R
JEJE /I RN 28 FEA A B (1) JH- 20 i i A= 4B AR T, K
T A2 B (genipin, GNP)XF FFA 1 S 1 -4 i 452
A IR JRE /D B P 20 £ T A e 4 R 0 AR B
[ -2(uncoupling protein-2, UCP-2)/F | FFA
ST, UCP-2m k3N FFAAY T ¥ 240 f £5
T2, #E NLRP3ZHRE RIS VERALDN AR R, bR
GSDMD#EZE A 8 FESE IR

A 27 4] FE T T ROE R R B AT AR e
YEITIE 11 SRBEME A I % (necrosulfonamide)id
I E#5 GSDMDE A 45 &, HHI 4 M AR TR AL )
TR, R S A A0 ) 9 SRE /N A S0 (1) 7 Ui 4 B T A
TL-1BHIRET . RSO Tt Pk i 75 % A ik 5 0 Jo i Hh
R E, $E7R GSDMDHHI I AT B8 75 I IR A5 &%
TBIT RAUEZ . H eI GSDMD AL E A XU
£ (disulfiram) 1 Bay 11-7082 ] 78 i /MA AN ST =
TCRIIL-1BRE . XU A1 Bay 11-708214 1] B H:401
il # M caspases, 2 RN HY S AL TR LAY 58 /)
A B i A PR 22 Bh R S AR . DRI, P D S R UK
HIAb B BAR R = R S, (H AT BRI ARAEATI SR
BHAW G398, 2 Fh 558 MA A 3505 /> SRS
H GSDMD Ik 2K fig B 2 5B R R g . TR
P85 A7 2(interferon regulatory factor 2, IRF2)& 1
PR T TR sk H 1, B#45 G GSDMD
JREN T, Wi GSDMD# s M il LTk 4, T30
IRF245 47 4 BELAG 28 g TR 28 1 JORE /MRS 5 il %
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5™, GSDMDATAE 7] Ac-FLTD-CMK (V-
acetyl-Phe-Leu-Thr-Asp-chloromethylketone) 2 # 4
caspase-1/4/5/11 FIHF S PRI 77, S0 £ g FnE 2
B9 RE/IMA TS IR T, D IL-1BRE Y. HAN
UM TR B, FFF IR (sinapic acid) ] ASCs.
NLRP3. caspase-1 % IL-1BHIZRIE. SLAb, gl &
WEAPETHH . RUHLZEPDRB, 5% FiEit
GSDMDAL A AT LS Sl i e &2, 1X —id Fid
W12 0 FARN 77i% 2 5% (endosomal sorting
complexes required for transport, ESCRT)Z!| 57 45 1] &

X3, R4 4 A 4T GSDMDEE J5 1 4 f s, mp
RETHB i FLAR ML A2

6 4Hip

AR T — Fh ROAE PR AR P R A f AR T AR,
HH A\ caspase-1/4/5F17]N i caspase-1/1130% » X465 4
caspasest 5 T HRIEHIANE . WidE. EEEUEA D)
W AR T SR R AR T S A e R e % U1 AR
Ko ZPE R A LI fE R 5 Ws b
MRS, FEA AT RFE 0 RE R M(EI). £

Glucose metabolism

- N\

Bacteria uptake glucose - )
High-fat diet

High glucose | A | J / N
\,./ = ¥

-]
ROS generation

Lipg\metabolism

Intestinal flora ratio
imbalance

NLRP3
N Qe
ASC . #
| — | -« LPS T
pro-caspase-1 1 l

NLRP3 inﬁammasomes activation Caspase-4/5/11

= .|y
% | &m

pro-IL-1f—1L-1p -_—
pro-IL-18 IL-18 GSDMD GSDMD-N

Release\\ Ae formation

= 7. . ‘?‘
JESEESEESEESES - Cell membrane

Extracellular

A U 2% L a7 I A 1 R DU AT B BUNADHIKCT R B 51 RROS M A2, HETfT A NLRP3 48 E /M 5] it caspase- KA (4T IAET .. Cas-
pase-173 A D) FIIL-1BFIGSDMD, 743 1 IGSDMD-NE AL 7E AN, 5 Ban i ks 2, R L7 RSB AL, RAEMMAET . M
FF AR R, FEEFEFAACETE = NLRP3JSE/MAEE, 5 iicaspase- KA ANMIAE T . i lm] L4 k2 % /K 1t BE A NLRP3 48 iE /M,
licaspase- KIGIIAN AR T . SRR S IpIE R RF R . 2 IRPITERINZ . MBS 2 HK T T, Wi caspase-4/5/11 5 AN AE T
Disturbances in glucose metabolism, such as hyperglycemia or decreased NADH levels caused by bacterial uptake of glucose, products ROS (reactive
oxygen species), which in turn activates NLRP3 inflammasome and caspase-1 dependent pyroptosis. Caspase-1 cleaves GSDMD and precursor cyto-
kines pro-IL-1f and pro-IL-18, respectively, initiating pyroptosis and maturation of IL-1p and IL-18. The GSDMD-N forms pores on the host cell mem-
brane, mediating the release of cytoplasmic contents. HFD (high-fat diet) induce abnormal lipid metabolism, and elevated FFA (free fatty acid) levels,
subsequently activating NLRP3 inflammasome, causing caspase-1-dependent pyroptosis. HCY (high homocysteine) levels could also activate NLRP3
inflammasome and caspase-1-dependent pyroptosis. HFD induces imbalance of intestinal flora, increasing the Gram-negative bacteria, which is respon-
sible for the blood LPS (lipopolysaccharide). The increased LPS further activates the cleavage of caspase-4/5/11 and triggers pyroptosis.
Bl @RETSHEERHRENXAR

Fig.1 Relationship between pyroptosis and abnormal glucose and lipid metabolism
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Table 1 Pyroptosis activators and inhibitors in metabolic diseases
K@i FETHL B i) 51
Metabolic pathway Pyroptosis targets ~ Activator Inhibitor
Glucose NLRP3 ROS generation!'*%"! ROS scavenger N-acetylcysteine
metabolism High glucose NAPDH reduced expression of NLRP3
Hexokinase Dimethyl fumarate in colitis
Enolase-impaired NADH pro- Dimethyl itaconate!*!
duction Sinapic acid®™"
Excess citrate Bay11-70821¢!
Hypoxia-induced succinate
accumulation!
Lipid NLRP3 FFA Genipin inhibits FFA induced pyroptosis'*!
metabolism Uncoupling protein™*”!
HMGB1®! Ghrelin inhibits HMGB1"”!
High level HCY™
HFD, lack of leptin®**
GSDMD Melatonin®*!
Necrosulfonamide!*”!
Disulfiram, Bay11-7082
Interferon regulatory factor'*"!
Caspase-4/5/11 LPS Ac-FLTD-CMK™¥
Disulfiram, Bay11-7082!]
Atherosclerosis NLRP3 ox-LDL Adiponectin'*!

miR-30c-5p™*!

NLRP3: NodFE2Z /485 (43; ROS: i T4 ; HMGBI: Filf RiEH HB1; GSDMD: gasdermin D; HCY: [A%! &R, HFD: mifig ik £r;

ox-LDL: EAbBUEZ R M .

NLRP3: Nod-like receptor pyrin domain 3; ROS: reactive oxygen species; HMGB1: high mobility group B1; HCY: homocysteine; HFD:

high-fat diet; ox-LDL: oxidized low density lipoprotein.

T 22 9 1 caspases V) #| - 30E fL 5 1 GSDMD.
A0 M ) BRAR AL BUE 28 4 IR TL-1 B0 N U S
AR ERE, BIRE BTN SRR E. BA1E
22NV B 58 48 i DR o AR 1k 5 0 R R A
i, 0 FERE /A A0 AR TE B P ) NLRP3 R E
AMAL 1 caspase. GSDMDZEE [ 1 IL-1B%5 4
T e O IR PR AN 280 PR S AR I, A SE
RIS /AR 4T i A T B AR (R D). SR,
YA T SRR R AR S H T ) 2 AFAE? [FRT,
2R e M A A TS 1 2 S5 AU 5 s i 1)
BERR? XL e @S A A AT . IR LEhIT TR IR AT
XTGP LI ER R, I N AE T A T
TERA RANETT T-B .
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