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Review of the role of pyroptosis in benign prostatic hyperplasia in old males

CHEN Zixuan, LI Dong, LIU Min
Department of Urology, Tongren Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200336, China

[Abstract] Pyroptosis, a new mode of programmed cell death, is primarily characterized by persistent cellular swelling that
culminates in cell rupture. This process results in the release of large amounts of inflammatory factors, subsequently triggering an
inflammatory response. Benign prostatic hyperplasia (BPH) is the most frequent urological disease in old males and is closely
associated with changes in hormones and inflammation response. In recent years, the role of pyroptosis in the occurrence and
development of BPH has also received increasing attention. This article summarizes the mechanisms of pyroptosis, concludes the
pathogenesis associated with BPH in old males, and outlines the role of pyroptosis in BPH, to provide new ideas for finding more
effective therapeutic measures for BPH through pyroptosis.
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e fE T (pyroptosis) J&— B HH 48 iE A 7 09 4f
MFRFPHEAET. . SANMEIRSE . dUMIJH ToAR L, A fE
T3t A Y DNA 50 85 B8 SEAIG, 400 5 % e e
YR A B8 N A AR T R ML 1Y
— PR IR SE SN 2 S A A AR BN L i A IR
F, AR TRl &, TS AR T A0 B B R
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1 BT

ML AR TS — R R PE/MA WIS . Gasdermin £
FIA S (0 e A R PR R M R e P se T 7 BLR
KU, SAE/IMARE RS &2 Me 2 MR ) K& J R A
K
caspase) ZX KM HR 4> 5 11 (4N caspase-1/3/4/5/11) ,
WO J5 1Y caspase 45 1 3 2 Y] % Gasdermin 5 1 2
k. BliJE, 1S1EAY Gasdermin 25 5% v 21 o B -7
JEE e ALRE, RO AN M A AR . SE
DAL R 55 20 B N S P BT, e A1 R RRE IR
R AR Bk AR, MR BT 1Y caspase 2
PR, BlAMAET AU AR . BET,
a0 A TR & AR 3B O K I caspase-1., 3F 4K

caspase-1 3L 2 Fik 4t

(cysteinyl aspartate specific proteinase,

1.1 i caspase-1 &2

40 i £ T2 RO K A caspase-1 78 M FR 4 Lk 42 L
TE 3 T A R 5G4y 5 485 2X0F0 40 05 A1 O 4 1 B K
(pathogen-associated molecular patterns and damage-
associated molecular patterns, PAMPs and DAMPs) K
FCT L M3 N A 0 A 5T B X TR 2 K (pattern
recognition receptors, PRRs) #i il "' 78IS 1Y
PRRs [l T, caspase-1 BT #% % A caspase Z: 4
2% ¥ 48 (caspase recruitment domain, CARD) HY
PRRs 1 #5545 5k 28 & CARD Z544 (4 U8 T M1 G BE 5 A
o
containing a CARD, ASC) [A[#z554E, JL[E 4%
caspase- 1 B PE R M /IMA . RIS, i%/IMATTE 1o 24
PTG M caspase-1. 1M )5, caspase-1 AU 2 #7751
AT OF Gasdermin & [ D (Gasdermin-D,
GSDMD) #fi# i N-GSDMD.. J& # fiE % 125 41 fifg 5t -
TERE IR ALRR, 5140 M2 % e s, DT 202
Mk =R, QA %E-18 (interleukin-18,
IL-18) . TL-18 F il 4 SR fif O ) 24 9 IL-18 . IL-18,
51 % RAE RN

e Bk, PRRsEAMMAE T 3l iy .
&2 PRRs 1 = B4 #E 7y, NOD & & (NOD-
like receptors, NLRs) 8 7F 2 fd £ - (9 Ji 3h b 473 1
TEZEME ., W WA NLRs A NOD #f 52 (R #UE [ 45
¥ 38k A1 5 25 1 (NOD-like receptor thermal protein
domain associated protein 1, NLRP1) . NLRP3, %

(apoptosis-associated ~ speck-like  protein
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caspase ¥ I 1 5% 45 25 ¥4 B () NOD #£ 32 /& 4 (NOD-
like receptor containing a caspase activating and
recruitment domain 4, NLRC4). NLRP6 £l NLRP9b,
EMNHUARFEG TS5 THRET S ™.
(ONLRP1 8 82 45 5 P PR 31 5 A 25 AT 1 A UL TR 1
G . 8 R B o0 W 2 R E RS, BOE
caspase-1 5 J3 sh 40 Mo g T2 1% @NLRP3 78 32 2 1%
A BRI (A RYT S E BT AT A
Ko+ (tngmpash ATP) SFREIE S, 7l 5S40
TR R AR DY, W40 Ah ATP 3 i 0 P2X I g
A7 (P2X7) SR K SME, HEM#IE NLRP3 I
4 TL-1B 4316 & caspase-1 i £k, Jii sl 40 B £E T A9 4K
i caspase-1 48 " BNLRC4 4 PE/MA Y NLR %
% U8 T2 30 ) 2 1 (NLR family apoptosis inhibitory
protein, NAIP) Zit47EH: S PER0I PAMPs J5, AlJE
i NLRC4 R HE/NMESE &Y, %54 Wl o #0s
caspase-1 K 3 sh 4l )lw A2 - . WNLRP6 Il NLRP9b
BAE b A b Rk, S8 R At ARG Y
B 7 7] o 05 caspase-1 K 2 it GSDMD, T3040
MAET A J5&E B8 caspase-1 2L GSDMD
SlEMMAET, Xl caspase-1 K TL-18 Fi {4 24
fiff Ry IL-18 K 51 B 48 0E SN, e 000G A L AR T 1)

ZRAR

1.2 MK caspase-1 i@ {2

HaMEeAE, T RS uRE s
B AR i caspase-1. FEIE L HLIRIEF, caspase-4/5
(N) Flcaspase-11 (Fl) # 5 >% BI4: R ol g 77 4k
i g Z B4 (lipopolysaccharides, LPS) #{7% )5, fE
% & H2#% GSDMD 57 ¥) 4 N-GSDMD, 5 # Il i id
I LM AT O WANG & T R R, &
SR caspase-3 i W ST A K, (HAEFIRIT L
YT, caspase-3 4 7G J5 7] B Gasdermin 7K
F1E (Gasdermin-E, GSDME) ¥J%]}) N-GSDME A
By Mz h Beos 34 M 2r L, 4ol A 40 i
BT,

R T caspase, VR T 7% 4 bk L4 4t A ) R i A
1 fE 3@ 3 2L % Gasdermin & H B (Gasdermin-B,
GSDMB) 5l k4ififET, RIPL%f# 51 GSDMB ]
JE U N-GSDMB F B¢, Ja & & FE Az, 5l
AP Ik = EAR T2, GSDMB 4
SN AR T S PR AR AR Y, TR
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T, %

ZL fif (¥) GSDMB W A] & 45 2 b 2 fif 98 45 1 %70
OLTRA %5 " W2 WY, i3 4 B 7T 388 2od 7= A= TE 4
J B 1 B9 GSDMB ME 2, Sk BH I8y 11 306 s 5% 1 240 i 5
R AT P, B A AT A A0
GSDMB W R i J7 ik, I de m Hu iR A

2 EEFMBPHMREHE

BPH 1E g &4 BRI H W, k5 4 i
PIRRSG . IEWEOLT, 2 aiife thBUE A A B2k
RIERGE R BEMAOEZER D, BT RERS
hREIGR , 2L RTPI IR SRR Z e anle,
LA 23 N W R ) RAE AT i —— R A o
W 5% # (senescent associated secretory phenotype,
SASP) B ', Bl TS B2 1 42 9 I 5 5 BPH.
IS, T HTS IR B R B 2 VRO S5 2 R R
W, A BPH YKL . A RMSMERBIIME. i
ROk, R MRAEC WA= BPH AL . KIERYC
B PYL DG, R FRI R AR RN R R fF BPH
KR R A ELE S, X TR PCEAE T
BPH f) & AL HAT B 20 5 5L

2.1 A

2 (testosterone, T) A ki P A i i) MM 4
£, S5 T IR ZE A AT . FERTS) iRl
Al SR FE 2 DL A 52 (dihydrotestosterone,
DHT) 9% X 6 i 91 Bt (9 & & A0 2 fig 2 SC B VE .
TONG % 2! 5% 7%, BPH & & {2 i 20 21 e v
#Z Z 1K (androgen receptor, AR) RJZFEIA/KF-H &
i TIES Ao R, BEEFERRIGE, Z4EBEM I
T SRR 2 T R, B HETSI AR 41 24 b Y DHT /K
I ARBEAR, X5 KR DHT i 55 2 1) AR 25
G, DMEHERTH AR ZU 3 A=, 2R 1M 4 i BPH (1)

ARG IRy 2 S R R, (HMEH R
(estrogen, E) XJ 41 R4 A= A< oAbl A& 4524 2L
PR . AR M B A fE 0 0, MM R 2k
(estrogen receptor, ER) 4 ERa fil ERb Bifh4371, H
THEBINTAERIIR T RIA . ERa F 40 T HTS R ]
Fiapfa, SRS AE, BRNEBER-ZKE S
Yy o] 38 o g W 3R KA K I 7 (epidermal growth
factor, EGF) %5543 WAA 0T A I 15 if 41 i (6] J53 200 i
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AR AR A4 s ERb AT B R Al rh, ALY
A7 T o B 330 3R BR % 4 R e 1 A0 AR b R A Y 1
oYL I, SRR R KO TR, 2
TR MR BES R AT TR, &4 P A HE
R/ (B/T) (E¥aTheE s midm i E/T A F
TR A XS HT A B B 3G BE AR R, NN f2 2 BPH
Y JE

BRibZ A, AEREER . S R 5 BPH Y & 4
FEAEDCHR o AR TR R 5% 2R S RE R BER 15 R AR A K
A 1 (insulin like growth factor 1, IGF-1) AJ43 i,
Ji 2 AT AR T RTSR I IGF-1 52 (4R A2 2F 1 91 A
ZRMRgSE, PEIMS|% BPH 2,

2.2 RAESBL

PEPE SRR T 5 AR A, 2 i
PR R AE A PR TR I BRI, AT [ Jmy A A A0 B
(%A CAO%E P WEFE KM, BPH R MATH IR
WAFTERAE, HAAEFEE SRS RABUR IEA . XF
TRAEDHARDE, FIy)IRH SR R0 = 2 4 i R iE
U /S Y ced v A B ST | BB = 2 ) LV 5 < A L5
T 22 1) 5 2 A K A 4 W SASP R (4 4 41 it [
+. B ERKEFMEAES), 68
HE AT 5 A0 R B AR B RAE B, A T
BPH "',

RIS IR AN REAE 73 I 2 Fh R AE P ¥ (W
R FAERE T MEAKET4), fEBPHRY
KA REPEBEEEM (E1). IL-8 &1 BPH X
AL RS R R A A -, H e e g A
YA K 2 (fibroblast growth factor 2, FGF2)
FRik . EMTIL-8 Z K55k FEBPH 2, IL-12il 3
WO BUE R R CDA T A, (R TR -y
(iterferon-y, TFN-y) FIIL-17 1953, [E1HES B
AU, A BPH M &2k . Hoh, TFN-y gl
P BPH 21 Jid 43 06 B0 A% 40 i ¥ A 85 1 1 (monocyte
chemoattractant protein 1, MCP-1), i H 5741 i 20
i I B9k A F 32 K -2 (chemokine receptor 2,
CCR2) %4y, feik I diffahsesg »*; A5 IL-17
R FEVE, A 3E BPH 40 il 439 1L-8 il IL-6 %5 4 i
RF, i gt 5 | i 900 R 4 3 A4 (4 7 30975 BPH ¢,
(EAF T A, TL-6 2 2 E A Hh 3k i 5 v i S
-, (0 H AT M AR A IR 2R I 5 BPH 9 if J
EEP SR

L3S A AR B, 2023, 4312) (@)
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Epithelial cell growth ¢———— ¢~

Epithelial cells hyperplasia -
p yperp TGF-B

EMT

Mesenchymal stromal cells
hyperplasia

‘IL_6

Epithelial cells hyperplasia¢
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Mesenchymal str(?mal cells
hyperplasia

IL-17

. Activation .
> |

IL-12 IFN-y

|

u ¢ MCP-1

‘ Senescent prostate cells - CDA4'T cells ’ T IL-8 receptor “ CCR2

Note: EMT—epithelial-mesenchymal transition; TGF-B—transforming growth factor-B; TNF—tumor necrosis factor.

1 RIEFEZFE B BPHERFH R AIER

Fig1 Role of inflammation in the pathogenesis of BPH in old males

ol RN B B Y= A < o o NS e i
(transforming growth factor-B, TGF-B), %K+l
T 1755 AT 2 4 1) AL 2T 44 4 A 1 Ak R AR 1 i 471
P bR MG A, IF S5 F R g0 i - ) 58 T A% Ak

(epithelial-mesenchymal transition, EMT) i & B0,

FE BPH Z140rh 35 7 200 Jf A — 26 43 9 M A HR 40 i 2
Af 50 TGF-B, 1 i 116 1 (1) TGF-B 5 BPH & o ##
R S KA D6 B RE Y T B IR AN R 23 43
B2 IR R FE N T (tumor necrosis factor, TNF)
VICKMAN % 32! B 24iE 52, TNF A i o 30 354 iy 1) i
] J5 240 it 4 7 Sl 3% & BPH, L TNF 1 i 77 o] A5 %
AT AR A S A= o

RAEFEAE #E BPH A4 . KRy A IE, L2 8
BPH {2 #FJE i . fAf SRk 156, BPH 4 i nl 3 i i 5
Z W RIEMM S 5H T KR RAER N, #F—nE
BPH.

3 YBECEESESEBPHRE.
ERPMRENT

3.1 MEEMT
EMT J&48 | 2 g ok 2= [ 7 4t o 3R 45 8] 72 ot
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TR A R B R AR dE AN B RE A, A 05 O
B SR YEAL R IR K v ) e T AR R Y
W5 " &I, EMTTEBPH L. REhhESE
FAFEENMEN . JIA PO 258 5 5256 & B EMT 5
GSDME K- IEAHG s [l id 3 7R A% 0 EMT R+
ZEB1/2 5 GSDME WY )3 8f) 7 X 325 & J5 7l 7= A= Y] &
GSDME MR, # U1 #) J5 L) N-GSDME kBt Af
0% i GSDME A A AR T, SR 51 2 P4 i
PR S, 20 M AE T RB 9% 38 i 0% TGF-p/
Smad {55 I#E EMT, & S% BPH.,

ik, i GSDME i 5 19 4i A £ 7~ n] 38 2 fin 8
EMT £ BPH, [A&}, B EMT (i )E, GSDME
14 2 Tk 25 R M3, T 3 Ao 7 FH R 1 24 0 1 4
GSDME /S RY4IMa 2T, XFBiy A HAT gt (40
BPH) 1R B TR 5 L 7

3.2 PRI
MHUABUEALRE N R R AR EARN T, S 3
SR AR S A0 M 7 AR K TG M4 (reactive oxygen
species, ROS) %' 15 ROSTEL KA N kA BAEF 4>
X2 KL AAR DNA 38 R AT i 0, S 3 Zenn iR T i
i, 23 J5 SR A B S AL —— F W, T
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Tk, 4

23380 b I A S B 1 SR A (4 1 — 2D A
%W(EQ%*MZFﬁj‘ L AN f A fige il FL 3 4 o
Eﬁiﬂﬂﬁfﬂi}i@%*ﬂ%ﬁmmfﬁﬁﬁ‘fﬁﬁﬁ?%ﬁ e
BEIEHT AR T (B B W2 B0 BT B8 A AR BRI
B 2 38 5 T I I 0T 0 2 s I A M 2 L R TS
NLRP3. 4k A9 NLRP3 A] i 11 i i caspase-1 J& 31
MR TR, RIS R g fET L Ak
Yl 3 (peroxiredoxin 3, PRDX3) & —F{LE N T
% TALNINBUR R/ TP S I MRS A Gz K
MVE . JIANG % ' B & 8L, i+ BPH 4141
r I R ) 20 i 53 SR BRI AR TR B R AR B AL T 22 1
AEdt, PEERARRTEER R . Bumig 2, dEmslk
AALRL B, A, S R A R G O SRR T 2 Y
PRDX3 Pt i S A6 I 0™ A2 1 ROS . 5 L [RII,
HIF R b Bz 40 i 4 8 /K7 i) PRDX3 BRI 55 T 4 UAE
NE PR, oI A W RO A M AR Tk i
BPH (&t 5k ),

MISCRFSE ' 7R, 53R 15 PRDX3 (YT I

PRDX3

Pro-caspase-1 .

Jz 240 M T 0 1k e A A A TR R R B R ZH 4 A R
B AR A KRR B B e . — T, R
15 PRDX3 1 b Ji 2 Ll 2oL 410 ) ) Wil 7 A AR T
FECHSIET, WE R R A A K IL-18 1
IL-18, 5% BPHAHLUMEPER AR, IL-18 5 HAZ KL,
A5, AR 22 E IR/ I8 R R A (serine/threonine
Akt) RABERRAG, BO7 LA AR
MBS W #E 1 1 (thrombospondin-1, TSP-1). %4
FIASABE 5 | 41 A [ o 40 B 38 A, 34 Bl 2o S0
TGF-B FHAISI IR 4141 % £ EMT, JEififn & BPH
(HIEHLHI LB 2) o 55— T, JEF AR Rk
PRDX3 (AN TT 5| % Mk A, I REAS Il 3 77
T A #e 15 PRDX3 (40 M B A 1 o T S 47396 o 40
Jf3E R T BPH 44U rf 48 M R AE IR BE JR , RT3k
= 7K P9 PRDX3, 1 PR R A i AR T2 9 R A2 JF N
BPH “?, [Hit, BPHZ4!H PRDX3 5| &AM T
AT 38 3 5 | 7S i 4 A 40 i D 5 4 A o EMT 53 BPH
hneE,

kinase,

.IL-IB

@ NLRP3 activation

‘ Autophagy inhibition

Mesenchymal stromal cells hyperplasia

TGF-p receptor

.

Prostate cells expressing high levels of PRDX3

El2 HPRDX33|AZMAMET SBPHEE  ABHNXER

Prostate cells died of pyroptosis

l Induce

roptosis
Caspase-1 ‘ L

‘IL-IS

IL-18 receptor
4—— Phosphorylation Akt

Akt

Prostate smooth muscle cells

Fig 2 Relationship between PRDX3-induced pyroptosis and the occurrence and development of BPH
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3.3 Ak RE R B

i B H 10 A BH (bladder outlet obstruction,
BOO) F#fH BPHGIAS, oj& 45 B M5 W .
fge ) @R, BOO MK JES N 3B TR B«
NEJES . AU A e A0 . BPH 4% & BOO J5235|
A B e P9 R 7 8, 4k A R B ISP UL 4N i
(bladder smooth muscle cells, BSMCs) X% . 40
AhEL R (extracellular matrix, ECM) ¥ & 48 %E
K, S EUR R R 45 A R RE A R O
FE SRR IS T A B A RERE T, ARELKE
b — 25 WS G E W T 5 R AR T, B T U
L AR

WANG 45 ) Bl Mg T 209k BOO Fi11g ¥4 BOO
FRRRY - SR 0 8 mT 30 e 3 A A A A TR B i)
eIt . ZBFTEE LB, BOO fgfs I I8 1L 4 4i i
R IL-1B YR Ik, 5 IHE A 43 531 15 51 200 cmH,0
1400 cmH,O B, TL-1@ A2 35 B 5 38 Jin 5t mT 8405 4
AT MRS, SECT T 405 Lk o) 2% 1
Z; XUCBLAN M RE AL UETT SR RAE A BE I L, iF
[N GURZ i RO R: R O = 2 1 - ) | I Y
BPH. [, M FE1EBOO, 2PEBOO & H Pl
$-2 BSMCs (134 58 B 1 983 F1 9 RE B b 58k, i
T Jgs e T i R AR AR A R

BRI, BOO 5| i f 240 i 45 T 7l 8 o 48 A Sz vy
WS R b B A0 A AR A4 BPH; [R]I, BOO i
AEANH BSMCs USEE , X SEUB M AESR AU,

3.4 WG B pa

WA AL T B AR Z A0 (il bR A 3
.M. OEMBRIES) M EARE, A5
BLARRY RAE . R, & At JFAa B T4E5F L
RGPl o ST R R VR, S I B AT
R A B RAE I 2 B M E K, 2580
2 R

BPH T SR #% 8% G 5 11 Bl bR B 135 P R O A
Horb i DL B2 R B BUW TE K I s w3 2. K
Ji7 35 A TR S5 A0 AT A4 L 1) 22 B o0 & LPS. R —Fb
PAMPs "7, LPS —J5 Ifii 1] LA 37 i 80 e 1 J 4t i 1
NLRP3, 47 J5 ) NLRP3 i i 1% fk caspase-1 11 #£ 4
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MOBE R, BEMNA AR T g RS Sy —
] B85 caspase-4/5/11 454, F1fifi caspase-4/5/11 i
1k . WAL 5 Y caspase-4/5/11 BE 18 i GSDMD 5|5 )
KM 0% NLRP3 Fl caspase-1, 51 & AMIFET: 4,

PRI, 4 3 o ) 37 DR BB G A 00 R 2
TE LPS BRI N BEOR s A RAER -, LUE SHITF IR
RIEMIASE, et BPH (R FE it .

4 BRESREE

AR —Fh i RAEN T 00 . AR TFIRBE A
ToRAIAET R, SRIPIIRGER I K K RE Y]
&, H AN b &2 U BPH A S IR B IH &K .
BPH N —Fp B AE B, 7 U B R .
PRI 0 & A 32 BRI I AL Rl o, RAE
AALATE I BPH KA SRR EZNER, 0l
V& A AET SR N E BPH.

F¥ BPH 3X — 4F i A G PR b, A i) 4 2 i 4
T 200 M 8 9 5 R A TS B 22 IR0 A 3h 2 AR A
e, ANMAET SR, BEREE SR AT Tk
ANAEIG T, CREE L5 | AR S A A g
M2 BPH A 2E & . L, Sl B 5T Al i AR T A
BPH % /E . LB IERMLE, 2N RAE M
1678 BPH T AEIRY T #0 A, AT -6 4% i BPH iF
JR 1) 7 ik B AT R B T S s B AT ) S B
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