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Abstract  In recent years, the incidence rate of erectile dysfunction(ED) has been on the rise and has become
a common disease of the urinary system. The corpus cavernosum smooth muscle cel(CCSMC), as an important
component of the penile erection structure, has a complete relaxation-contraction mechanism that is an important
foundation for penile erection. Patients with ED exhibit various pathological changes in CCSMC. such as increased
apoptosis, upregulated pyroptosis and ferroptosis, decreased autophagy, increased oxidative stress levels, and

phenotypic transformation. This article aims to summarize the research progress in ED focusing on CCSMC, and

elucidate the key pathogenic role of CCSMC in ED and its potential therapeutics.

Key words

2 #8 T GE B A5 Cerectile dysfunction, ED) /248
FAZE A RERF L I8 21 8034 4 45 2 98 19 3k LA 3k 21 i
BN R 3 AN H DL R WR R G0 H L
I o Xk SR AR T BT SR R AT R RS . 40~70
B BUA 52 % &2 FIANFREE ED ML,

BHZ5 ¥ 45 4K S 35 WL 40 8 (corpus cavernosum
smooth muscle cell, CCSMC) 52 % 1y 45 #4) 5 &7 5k T
AEJE IE 2 1 B 2R . BIZEM RS, 38k
AR FFIEM, KRR ELH T FRREMmE
39 0T R TP B CCSMC Wi 4 . 78 AL L W i fi i
VRN AE T, @ A8 o 223 B 3G, NO 45
253 TR IR 22, CCSMC st . 3 Jok ifi 8 9 A BA
'LPERBRFEFERE S —ARERLRIA(LE,

200080)

PEETHE -ARERE R ER LRI
BAEVEH . B KB, E-mail : xsjurologist@163. com

erectile dysfunction; corpus cavernosum smooth muscle cell; pathological change

RV SE L TR T TR L i A B 2Rk B kIR
A, CCSMC i 2 22 i Wi 4 Fn (50 &F 3 A {5 5k
M) 7 45 A A A ft 2 R0 AIL A SfE 38, DT R ) VA 4 5
I 5 2 T 52 ] e tR A

CCSMC o F 13 4 AR PN B T 8] B, 78 55 g 443 1
BRI BA 258 S ik 0y 9 B2 )2 OFAE R Bl 2 i 41 41
) T B S 4y, LR B 2 50200, 3D
PE DG 70 PR 9% Pk 3 i T 68 B 15 (diabetes mel-
litus erectile dysfunction, DMED) H # ) CCSMC
PR TR B e, 2 CCSMC 2 KR 2 15 %, i
S JCTE PR UE 08 FE 2t G T BHL 1k ol Y DA VAR 4 5
[ i E k) . CCSMC 9% 48 5 88 IR 9w (diabetes
mellitus, DM | & 1L % /=5 JH 17 B2 0 RE AR 0 45 &2 Fh
ED XU N & 240 %, CCSMC 9578 & A 78 ED 1y
BAET L, 5 ED RS R R E A G, FE R

Sl A ATIEA, T 55 AR 42, 45 [ 2500 45 UK 7 B UL 40 B 7 20 12 2 A I s o S AR 4 FH (0 i 2T 0k R [0 . 1 R b Jk A0 B
7 ,2024,39(7) :632-635. DOI:10. 13201/j. issn. 1001-1420. 2024. 07. 014.




507

EAEA S5 B 20 40 1A 7 1 JUL A0 7 2 ke ol e % b O R T B BT 5 3k T + 633 -

SRR TN AR T R AR BE T KO T L A KO T
R AL D ORI i R R A S AR SE L5 A
T CCSMC 7£ ED H (& UL 28 B AH R 7R T S0
1 ED 5 CCSMC /R {k,
1.1 CCSMC W38

AU B MR IA AR5 B E 1 CCSMC T £,
J& ED #FE M EE R A RS, CCSMC HT:
5 caspase-3 B Shh AR R L FREAH XK.
2 AR 1 22 B 15 (cavernous nerve injury, CNI) Fl
DMED KA BI2% CCSMC 1, Shh & (1 ik &
B, K| CCSMC 1=, & ED #F iy £ 2 A
£, DMED K ,CCSMC BT 5 caspase-3
B L8 K ERKL/2 (B R Ak AH 3¢ L 8t 73k v] LA il
ERK1/2 09 W B2 Ak . 30 %% i B 15 2 1 CCSMC
T2, ORI N R, CNT K U 25 8 40 1A o
Jun 985 R 1k /K SF 38 in 5 80 CCSMC 1=, JNK il
B&A ) 70 AT L B CCSMIC I T2 3k e 32 4 i o)
AE . MEWE KT B R R AL 3 i CCSMC T
WS T AR R A T RE

Z MR YT I ] Ll i i CCSMC i/ 123k
PRAZ AT RE . 38 o K P 235 9 K 2 2 7K B i % 7
A kb 78 Shh & (1] Uil CCSMC 4 7 I 12 i 2
EIREM PR 0, AP H2S A7 3 im CNT K &
CCSMC $t A T-% 4 Bel-2 £ ik, T I caspase-3
Fik gD CCSMC P T, M ecsE CNT K R 2
IR, AR BIIT A LT A m BT B
CCSMC # 12,5 SDF-1 #il PI3K/AKT i I % 7%
AN Bk N T S LA 40 A S ek > T
CNI KRl CCSMC B =" . ey 38 1 325 B o iR
N PRS- 20 B, m] DAPP ) CCSMC 7 74 AT K
TR RE, (B FF 2K ARG o B, vE
S 18] 70 5T T 20 M 9 S0 A IR BT R ] caspase-3 [ 3R
ik CCSMC M T BB #h i T ae ) .
1.2 CCSMC T HIET- KT

Y1 A A T — RO I R B R E S S 1R R
PEHMIAET . BRIE T2 — 4 A0 1%k A9 4 L T
DIRE ot Sk R R R AR L Ok M £ F B SR
21 B £ T AR BE T Y K VR A B PR S I & RE 45 P
P REHEEEN., MERZRERE T EH
KL CCSMC H* NLRP3 .GSDMD 3k , il i1t fig ik
CCSMC £ T 2% 4 il K B %h 2 T ', Wang
ALV i A E AT, R B LOX M SREBF1 2 DM
KE TR E AR EY O R L 58T 3% A1
X, DMED kB GPX4.SLC7A11 #1 ACSL4 ¥
35 & 8., ACSL4-LPCAT3-LOX i# & I ¥,
CCSMC %kt 2 . 38 i TR BET-/K - AT LA i 2R 5E
TN Fer-1 YK & #hil2 g, & GPX4
ik, 0 LI # DMED K Bl CCSMC H 8k FE T 7K
L el R AR . N A B) 3 B T 40 i T DA
Wt R EmPSE T E  SLC7TALL fil GPX4 iy

ik B ACSL4A . LPCAT3 1 ALOX15 By ik, 3
il CCSMC WY ERFET- . A 843797 DMED™
1.3 CCSMC HWgEK¥ T

H W2 CCSMC B H IR AR AL, 76 = 5 21 58
N A WEACSE R B A0 0E T £, A A v L
&3 CCSMC, i #F R D g Pk 52 . 7 25 0l ok B 7
—E 78 Bl (<10 mmol/L) F+ & o] fg # CCSMC
0 DT X 200 i RS 21 PR B 1 L (L B iR 1) 4 4 A
W E (> 20 mmol/L) & K A MK F, {2 ¥
CCSMC #T=2,

SEHRAL T 38 3 % AMPK-SKP2-CARMI il
B% . 23 DMED & Bl CCSMC {5477 [ W 17 384 9
TR A T ER . — B UK A o 25 B 40 1 o
FEUCAT 11 AT LA i 35 2 2 o) fg, 38 i PISK-AKT-
mTOR 38 B, 9 /0 CCSMC i B il 48 ki 1k [ w2
KA AR 5 140 T i 1 590 7T BH 80k 55 2 4 R B
FRTIfE. MR FE RS S T8 CCSMC H K
- REAR L Sk AR B 405 I B . CCSMC T3 ™. Al
Fre BRI AR #E CCSMC [ M, J& A% 4 1k 17 1% 7k
LR E R IEES . =% ED KEl CCSMC H 1
AR D ik 3R 58 i A SR A L AT DhaE o Yy
mTOR {5 5 # #. 94 LC3-1 /1 Ml Beclin 1 %
kLR [ W KOE R SRR DI RE R R . TR
ZiE R LC3 B Beclinl A 3635, 34 38 [ 15K,
0 oH1) v R R A B T3 CCSMIC i i T~
1.4 CCSMC Ak B 8ok S T+ s

DMED K B A # & 7K F 09 48 Ak b oK, 5
RAGE B2 K, A0 N 0 o 1% M 0F 1 i 36 1
TE B 30005 °F- o LA A AR &7 5k DB . P B2 19 AT LA 3E
it T ¥ HMGB1/RAGE/NF-kB i B sk F
DMED KR H' CCSMC Ay R AE 7K ., oh 38 2 & o)
B RTEI AR AR KR B K BH 25 1 4 AR i
FEAR . CCSMC H & b 1 3K - TH iR - cGMP 5 2 %
iKY, 2 ARG T CCSMC 14 3% 7 4 (reac-
tive oxygen species, ROS) 4= i #0 i 4 1k & B i
PE, DL NOX2,COX-1,iNOS, p65 % 4 1k [ 3 &
MRk, E— £ S CCSMC &7 3Kk g, IR-
61, —FhprsA b gkl W3 235 T DMED KU 2
T HE 8 o AR LR AR F ROS #9774, iR
SIRT1.SIRT3.Nrf2 Fil HO1 3 ik KB (% CCSMC
1) 9 HE K0, R b BRFE AR NADPH 4 fL il %
LA ROS (7=, & e 2l T ae e . i s
I VR 1 T 7 S T A0 i A 28k Ak mT B 3 s CNIT R
FL CCSMC Hi 48 b I 34 BE 77 . BRI 41 g ROS 2k
iR ROS K- PR S g™ . ¥ as 57T 7 LA
LN SDE-1 35, 0 5% i vk B 4 49 0 3 20
CCSMC F AL D Bk T,
1.5 CCSMC #HH:AL

- LA I B AT T B T SR A R e B A
RHRIBT &k AR A AL, LLIE N R 55 2R 1k,



* 634 -

Wi PR 8 PR A1 2% 75

%39 &

CCSMC 7 it S . DM | 25 3 R 41 I 4% 56 9 B 4% 1

T & F A AL, CCSMC KA B RIFRBL T 2

PR RELTET P9 0 O T R AR TR, CCSMIC

T o SMA DES F1 CNN1 25 i 45 % AR 75 W1 14

TR A BB AR W BOE B By Rk,

Ko ok I B 7 55 R F- 10 Myocd 1 28 35 080 /0 1 Elk-1.,

KLF-4 W&k, A5 ST Lo MK nT A 3K

WG R E S B9 CCSMC K AR AL, 17 He it ek n]

75 CCSMC b R Ao,

CNI KL CCSMC U 45 Bl AR 4 Myocd . o-
SMA #il CNN1 £k B & T B, & &8 ix &Y
OPN.IEE H £ L THE ™, Myocd 11 ik 4
¥ 7 CCSMC M4 =74, 3% 17 CNIJ5 1) ED %
DMED"7 %! |

PDGF #75 CCSMC iy &1 , i i ¥ 1% PDGFR/
STAT 3 155538 i . {2 #F 7 10 & Bl 22 B 19 % 4k, [A] B
T e 46 £ R AH B 1 oo SMA il DES () #3552,
FHAREH CCSMC 20 i i i 46 2 AU AR B, W0 o
SMA.CNN1 fil MYH11 Ay 2 35 & K. 11 OPN
ki 2 R b FE SR N R T R A B R AL
2 RBE

CCSMC 1% S 1E & 1) W 4 -4 5K 2 Be 2 1F
WA E A, R RIESE, YAP/TAZ
RS 5 CCSMC My b ML . B AR ) 33 i
HOE YAP/TAZ-E b R 6 T R R RN % T
PDES #7136 ¥7 oA ED K R Eh i o g .
HHr.ED 1) F 23597 Jr ik 02 0 ik PDES #1l #1 57 5%
L 25 WA 9 6 Sk 0 %) A O 1 2 0 1 O, DA
e CCSMC #ith, #R 1M, CCSMC 78 ED &
FEIH 2 R AR, an el BH i CCSMC i #L AR 4k L Pk
52 CCSMC By &L e 1E T fig 42 oK ok 25 W) i & K
TR YT AR A

H A, 7l CCSMC JiRE K 7E ED H (1 05 FRAR 1k
v R 4 TR ELIG RIS FH A 38k 7k, A A A
F-BanfLeg B, A gt R 7 S R DUAE I AN
RO AT B 8 R DA T AR R TS R S QA
IRTCIEFIWE CCSMC # Rk 2. L. X CCSMC
1) 9 AR A6 1 RS W RS TR YT T A

FEMR AR B A AE ) 25 vp 5
B % 3R
[1] Salonia A,Bettocchi C,Boeri L, et al. European associ-

ation of urology guidelines on sexual and reproductive

health-2021 update: male sexual dysfunction[]J]. Eur

Urol,2021,80(3) :333-357.

[2] Zhao LY, Han S,Su HC, et al. Single-cell transcrip-
tome atlas of the human corpus cavernosum[]J]. Nat
Commun,2022,13(1) :4302.

[3] Hassanin AM, Abdel-Hamid AZ. Cavernous smooth
muscles: innovative potential therapies are promising

for an unrevealed clinical diagnosis[J]. Int Urol Neph-
rol,2020,52(2) :205-217.

(4]

[5]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Yin GN,Park SH,Choi M], et al. Penile neurovascular
structure revisited: immunohistochemical studies with
three-dimensional reconstruction [ J ]. Andrology,
2017.5(5):964-970.

Ferrini MG, Gonzalez-Cadavid NF, Rajfer J. Aging re-
lated erectile dysfunction-potential mechanism to halt
or delay its onset[ J]. Transl Androl Urol,2017,6(1):
20-27.

Deng JP,Martin S, Searl T, et al. SHH regulates pe-
nile morphology and smooth muscle through a mecha-
nism involving BMP4 and GREM1[]J]. J Sex Med,
2024,21(5) :379-390.

SRUE K, PNEAY, B HE ) A UKL X R 5 R R
B9 25 00 40 A - T UL L O T g e ) . R 2 R AR
2020,39(12):1614-1619.

Park J, Chai JS, Kim SW, et al. Inhibition of Jun N-
terminal kinase improves erectile function by allevia-
tion of cavernosal apoptosis in a rat model of cavern-
ous nerve injury [ J]. Urology, 2018, 113: 253. e9-
253253. el6.

Zhang MG, Wang X]J, Shen Z], et al. Long-term oral
administration of 5a-reductase inhibitor attenuates e-
rectile function by inhibiting autophagy and promoting
apoptosis of smooth muscle cells in corpus caverno-
sum of aged rats[ ]J]. Urology,2013,82(3):743. e9-
743. el5.

Martin S, Harrington DA, Ohlander S, et al. Peptide
amphiphile nanofiber hydrogel delivery of Sonic
hedgehog protein to the penis and cavernous nerve
suppresses intrinsic and extrinsic apoptotic signaling
mechanisms, which are an underlying cause of erectile
dysfunction [ J ]. Nanomed-Nanotechnol Biol Med,
2021,37:102444.

Zeng QY .He SH.Zhong LR.et al. Exogenous hydro-
gen sulfide improves erectile dysfunction by inhibiting
apoptosis of corpus cavernosum smooth muscle cells
in rats with cavernous nerve injury[J]. J South Med
Univ,2019,39(11) :1329-1336.

Sun TT,Xu WC,Wang JX,et al. Saxagliptin alleviates
erectile dysfunction through increasing stromal cell-
derived factor-1 in diabetes mellitus[J]. Andrology,
2023,11(2) :295-306.

Wu YN, Chen KC, Liao CH, et al. Smooth muscle
progenitor cells preserve the erectile function by re-
ducing corporal smooth muscle cell apoptosis after bi-
lateral cavernous nerve crush injury in rats[]J]. Bi-
omed Res Int,2019,2019:8520523.

Zhuang JM,Gao P,Chen HR,et al. Extracellular vesi-
cles from human urine-derived stem cells merged in
hyaluronic acid ameliorate erectile dysfunction in type
2 diabetic rats by glans administration[ J |. Andrology,
2022,10(8):1673-1686.

Ouyang X,Han XY,Chen ZH,et al. MSC-derived ex-
osomes ameliorate erectile dysfunction by alleviation

of corpus cavernosum smooth muscle apoptosis in a



%7 G IEA S B 2500 20 VR SF- 8 L AA0 B E 2l 7S T Al B S o G B A ) I 5 R « 635
rat model of cavernous nerve injury[J]. Stem Cell Res pro-inflammatory proteins in the rat cavernosal

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

Ther,2018,9(1) :246.

Chen ZB, Li G, Lin HC,et al. Low androgen status inhib-
its erectile function by increasing pyroptosis in rat corpus
cavernosum[ J]. Andrology,2021,9(4) :1264-1274.

Wang Y,Zhang XY ,Chen YH,et al. Identification of hub
biomarkers and exploring the roles of immunity, M6A,
ferroptosis, or cuproptosis in rats with diabetic erectile
dysfunction[ J ]. Andrology,2023,11(2):316-331.

Xu WC, Sun TT, Wang JX, et al. Ferroptosis is in-
volved in corpus cavernosum smooth muscle cells im-
pairment in diabetes mellitus-induced erectile dysfunc-
tion[JJ. Andrology,2023,11(2):332-343.

Xu WC,Sun TT,Wang JX,et al. GPX4 alleviates dia-
betes mellitus-induced erectile dysfunction by inhibi-
ting ferroptosis[J]. Antioxidants,2022,11(10) :1896.
Feng H,Liu Q.Deng ZY,et al. Human umbilical cord
mesenchymal stem cells ameliorate erectile dysfunc-
tion in rats with diabetes mellitus through the attenu-
ation of ferroptosis[ J]. Stem Cell Res Ther, 2022, 13
(1) :450.

Ma KH,Zhang YW ,Pan LR,et al. Effects of rapamy-
cin on glucose-induced autophagy and apoptosis of
corpus cavernosum smooth muscle cells in SD rats
[J]. Natl J Androl,2020,26(11):969-978.

Ding F,Shan CY,Li HW,et al. Simvastatin alleviated
diabetes mellitus-induced erectile dysfunction in rats
by enhancing AMPK pathway-induced autophagy[ ] ].
Andrology,2020,8(3) :780-792.

Zhang J,Li S, Li S, et al. Effect of icariside [l and
metformin on penile erectile function, glucose metabo-
lism, reaction oxygen species, superoxide dismutase,
and mitochondrial autophagy in type 2 diabetic rats
with erectile dysfunction [ J]. Transl Androl Urol,
2020,9(2) :355-366.

Yuan PH,Ma DL.,Gao XT.et al. Liraglutide ameliorates
erectile dysfunction wia regulating oxidative stress, the
RhoA/ROCK pathway and autophagy in diabetes melli-
tus[J]. Front Pharmacol,2020,11:1257.

Zhang ], Wu XJ,Zhuo DX,et al. Effect of tankyrase 1
on autophagy in the corpus cavernosum smooth mus-
cle cells from ageing rats with erectile dysfunction and
its potential mechanism[]J]. Asian J Androl.2010,12
(5):744-752.

Sun TT,Xu WC, Wang JX,et al. Paconol ameliorates
diabetic erectile dysfunction by inhibiting HMGB1/
RAGE/NF-kB pathway[ J]. Andrology,2023,11(2):
344-357.

Wang GC,Huang TR.Hu YY.et al. Corpus caverno-
sum smooth muscle cell dysfunction and phenotype
transformation are related to erectile dysfunction in
prostatitis rats with chronic prostatitis/chronic pelvic
pain syndrome[J]. ] Inflamm,2020,17:2.

Leite LN,do Vale GT,Simplicio JA,et al. Ethanol-in-

duced erectile dysfunction and increased expression of

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

smooth muscle are mediated by NADPH oxidase-de-
rived reactive oxygen species [ ]J]. Eur ] Pharmacol,
2017,804:82-93.

Yue XF,Shen CX, Wang JW,et al. The near-infrared
dye IR-61 restores erectile function in a streptozoto-
cin-induced diabetes model via mitochondrial protec-
tion[ J . Asian J Androl,2021,23(3) :249-258.

Zhai JC,Chen ZH,Chen P, et al. Adipose derived mes-
enchymal stem cells-derived mitochondria transplan-
tation ameliorated erectile dysfunction induced by cav-
ernous nerve injury[ ] ]. World J Mens Health, 2024,
42(1):188-201.

Guo S],Zhao DF,Zang Z],et al. Effects of endoplas-
mic reticulum stress on erectile function in rats with
cavernous nerve injury [ J]. Sex Med, 2023, 11 (4):
qfad050.

Yan JF, Huang W], Zhao JF, et al. The platelet-de-
rived growth factor receptor/STATS3 signaling path-
way regulates the phenotypic transition of corpus cav-
ernosum smooth muscle in rats[J]. PLoS One, 2017,
12(2):e0172191.

Liu LH,Li EM,Li FT,et al. Effect of testosterone on
the phenotypic modulation of corpus cavernosum
smooth muscle cells in a castrated rat model[ J]. Urol-
0gy,2017,103:273. el-273273. e6.

Zhang T,Li W, Qiu X, et al. CRISPR/Cas9-mediated
TEADI knockout induces phenotypic modulation of
corpus cavernosum smooth muscle cells in diabetic
rats with erectile dysfunction[J]. Nan Fang Yi Ke Da
Xue Xue Bao,2021,41(4):567-573.

Zeng QY, He SH, Chen FZ, et al. Administration of
H,S improves erectile dysfunction by inhibiting phe-
notypic modulation of corpus cavernosum smooth
muscle in bilateral cavernous nerve injury rats[J]. Ni-
tric Oxide,2021,107:1-10.

Zhou XC, Luo C, Fan JH, et al. Myocardin reverses
hypoxia-inducible factor-1a mediated phenotypic mod-
ulation of corpus cavernosum smooth muscle cells in
hypoxia induced by cobalt chloride[ J]. World J Mens
Health.2023.41(2) :363-372.

Zhang HB, Wang ZQ.Chen FZ.et al. Maintenance of
the contractile phenotype in corpus cavernosum
smooth muscle cells by Myocardin gene therapy amel-
dysfunction in bilateral cavernous

nerve injury rats[ J]. Andrology,2017,5(4) :798-806.
He S,Zhang T,Liu Y.et al. Myocardin restores erec-

iorates erectile

tile function in diabetic rats:phenotypic modulation of
corpus cavernosum smooth muscle cells[J]. Androlo-
gia,2015,47(3):303-309.

[397] Ji MT,Chen DS,Shu YY.et al. The role of mechano-

regulated YAP/TAZ in erectile dysfunction[]J]. Nat
Commun,2023,14(1):3758.
O A5 B #1.2024-03-18)



