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Adipose-derived stem cells for the treatment of penile erectile dysfunction; An update
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[ Abstract] Adipose-derived stem cells (ADSCs) are pluripotent stem cells isolated from the adipose tissue and have the potential
for self-renewal and multi-directional differentiation into neurogenic cells, smooth muscle cells, endothelial cells, and so on. Erectile
dysfunction (ED) is a common male sexual dysfunction that has a negative impact on the lives of the patients and their partners. Cur-
rent treatments of ED include surgery and medication, with oral 5-phosphodiesterase inhibitors as the first-line drugs. However, a small
number of the patients are not sensitive to these therapies and cannot be improved or cured pathologically. So far, animal experiments
and preclinical trials have confirmed the safety and efficacy of ADSCs, which act on ED though paracrine mechanisms. This review
summarizes the advances in the recent 5 years in the studies of ADSCs for the treatment of ED.  Natl J Androl, 2017, 23 (6) : 561
-565
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— o BB B AR I A 1 1 AR K i U E W, 45
it 3] 2025 4, £BRWGA 3. 22 {2 HMEZ ED H
', ED MR RE 2%, 038 OE UL I
% NAWHREZRENED , HiHESAY K
FARIGIT ED M7, Ko 5-BEM _ FR R0 &1 57 (5-
phosphodiesterase inhibitors, PDESI) £ 4 i FRI6 57
ED f)—2kHIZy, BAR RSP RUT , A R R, (B
£ 4 18% W B E X PDEST AR, i HAF1E Fo ikl
BEREGE ED MREERE

TGS — RN R E IR E Y
TR I, & X400 ED AR R MBS, B RIBFS
H 40 i 28 R 0, 35 B 88 8] 72 B T 48 ffS ( bonemar-
rowe-derived mesenchymal stem cells, BM-MSCs) . fig
J5 B+ 40 fd ( adipose-derived stem cells, ADSCs) .
ALIRPE T 41 B8 ( muscle-derived stem cells, MDSCs) .
2L F UM (tistes-derived stem cells, TDSCs) . JR
4+ 4f ffd ( urine-derived stem cells, UDSCs)  $#fi £ i
T 41 #fd ( neural crest stem cells, NCSCs) . Flp4 fz tH 41
J (endothelial progenitor stem cells, EPCs)*1, H
ADSCs EIRER MR AR H A BB AN —Ff 2
RET4M , HORIRT 32 X HLAS 43/ A& S g SR vk
HEARBREHME WS 5T H
MRSy ED Hh R KN,

ADSCs HA BREH ML [\ L6, /8 4
ZHRS -1 LA L K P R 40 M 5 2 b 4 i 2K R
o BiEFH5 e AR AR ARE T EKET
Bt 28 3% R T 0 BE8G 40 4 B B M2 FEAE R BINA
ED AR o &40 1k, 24 ERMMIX K E
W56 X G RBT IR ST UESE T ADSCs 3497 ED %4
Y RARE. ASUH B ATB B ADSCs 3357 ED BT
S BHITLR

1 ADSCs RYHFE

Yang % f§ | BEHEBR IR, 2 | BUIRJERG
HALAEBLL G, B AW 4 & ik, 155 ADSCs
T o 2\ 40 A 4 B W] LA R B, ADSCs T % 3K
CD10,CD29 ,CD34 CD105.,CD166 . STRO-1 & £ #h
FHEIRIc. MAFEiL CD14 ,CD117 .CD133 .CD144
CD105, HLA-I, o-SMA % 2 i 452", i &
CD105,CD166 #1 STRO-1 2 —HE# AR LN ER %
FoHCERE M H FIARIC, 3-8 ADSCs B £
L RE, BFREM, ADSCs BB 10 N B2 40 . o
e LG 2 20 B 3 UL 0 25 2 e 4 2 Y 4
VAN

2 ADSCs £ ED 94EHB

2.1 ADSCs £ # k%M ED # 4k J ( diabetes melli-
tus-induced erectile dysfunction, DMED) DMED 2
BRI RS — A% W ELXEWR M IE B4R, H R RILH R
I, WTBES MU PN B B 0 M A L AF 4E LR ek
221 2013 4F Lin 1 AEBIT 2 M P
# K A F (vascular endothelial growth factor, VEGF)
165 FF B i) ADSCs 1647 DMED [RIRUR 1 3E 5
R, & VEGF165 2 H B i) ADSCs 41RE 5
K BB 2% 4 K & J7 (intracavernosal pres-
sure, ICP) fIiE4pik N 1/ 8 Bk & (intracaver-
nosal pressure /mean arterial pressure, ICP/MAP, P
<0.01) ,BGE MR, 2016 4F, Lu %" @i
$& 0 F b EATH T (pigment epithelium-derived
factor, PEDF) i FURL 3% B )] ADSCs 5 Fad ik
A, TERBEME T PEDF i RikfBX} ADSCs &2
WERFYER

2017 4E Zhou %' 1 B HE 45 19 ADSCs N4y
T SR A7 1E 15 Ve It AR A 7 R B 308 ADSCs B
FFREME, HERIMNERESE RSB LT
WZ A GS%E. ZBEM &KLY ADSCs 748 i
ADSCs-based microtissues ( MTs) , 7TEIRRKR W EHE 18IT
DMED K3 R E R P &I, ADSCs-based MTs 41
i AR RER = ADSCs 3477 DMED [ 2 {1 3
FOIRIEAER, /R IGTTRR

Zhou 2"V F| FURE R K BB TRl ADSCs +
BB R ANAIT R, SRR S N AR R FE
BT RAEVE T, BB 45 7 Y 7 B 2%
HIREE . MHHLHIGYT R, A RIT BB E A A
LI,
2.2 ADSCs 4% 2 %M ED 8 4F A ( neurogenic e-
rectile dysfunction, NED) [FHZEW4EAMEL R T
FAZEhEIhRERM EE M &, KRR E 3B A8 4k
s (MRS AR B RIS R VIBR AR, 2 5
MWIME %) B4 F B NED™, Ying &I R
ADSCs X} NED RCR M5, F g 48 A dh 2 45145
(cavernous nerve injury, CNI) Bk R RIS FT R BT,
ADSCs RE{R 5 £ i M 4 ik 22 h 2% & NADPH-di-
aphorase-positive M4 A WE LR TRe!"

2013 4, Albersen 25"} % B CCI2/CCR4,
CX3CL1/CX3CR1 #1 XCL1/XCR1 &g {k/#aibH F
SRR MG R AW L BG G ADSCs BRED R
PRHEFHTRRIRE . HE 2 FE AR 2
KRB RS H ASDCs TR BIBMGE0AL, AT 4R 55
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TR Kim %7 JEBF 9% A I+ ADSCs (hAD-
SCs) Mt &4 KX F BB A CNT KRR it &
B, FLRE A 5 90 ) o 4 A - 9 UL 4 B 25 A R 3%
eNOS EHRIKKABNEIFEA.

2014 4F Mangir """ 7£ (L8 B K R E R A 5
& ADSCs BIVATT BRI R 3L, IR A N S B &
S E [FFp Rk ADSCs HREIRE CNI K Bl#&Eh
B . Piao Z "V ERRA A MBEHHEERETF
( brain-derived neurotrophic factor, BDNF) {58 |, % -
B Z B3 B Y1 ( Poly-Lactic-Co-Glycolic Acid, PL-
GA) EMLIER ADSCs BAH B 14 ikt &t g
BE & W iF & 3L, ADSC/BDNF PLGA [H 4k 1597
BB EERENRIAE. Lee ™ 7E Piao R
B 21 4 B 40 g A4 K Bl T ( basic fibroblast growth
factor , bFGF) SEBEA/EH T B 2E 18 4844 , ADSC/BDNF
B TR AL, R A, HigE &1
18 L/ B R Y E B nNOS & & L cGMP /K F L a-
SMA £k, WITHERIAST NED #4467 -4 HH
T B

2016 4E Chen 2" HB] T ADSCs 3897 ED fy—
ANATREALHI D OB R A AT A T, B R BT
PI3K/ Akt BESIRBIETT R . Yiou %) &5, AD-
SCs W IMERAANEFE A B BHETFHE
WA EFEEEARE R B W, BT At R ik F)
BIFBR. R THRE ADSCs 4 i i 88 77 %, Lin
1 358 5 PR 1tk 9 K BORLKS BEL R AL T IR 4 K
ADSCs(Nano-ADSCs ), TEREIZHIVE R F Nano-ADSCs
R EFEMNFE R GE#E ICP/MAP, o-SMA,
PECAM-1 B E#E,

BEE BB IRIT KB R WTIRA , Jeong %1 fif
F ADSC/BDNF [ {6 fE Bk & O iR & b BF dE R 97
NED, #5ERIILEK G REE S RS AR & R
PG M FA K ERBITHR. Ying £ %
WHFE ADSCs BR& B 1K # BB B 16 T XU 5 43 1 1
ZKIER (0.8 em) PIER 5 #HA2 DI BE A9 VK 2 15 50
BB, W U 2 B m A B L RR K, B A
ADSCs BeA S42 & V- 18 U1/ e IR 4 EE 37 B nNOS &
B, KR TEAEREMZKEESRGESE
THEEMIK B RUE T — M A R F B, Jeon ™4
hADSCs 1E Fl T4 ikt 2, B S IR RE B v s e 4
FATHEEBSE, TR KRS KRR &7 3
REE AR AN LS HE, XERENHE
gk,
2.3 ADSCs A%IBF 365 ED 94 R WERS
FHED Wfak N &, UL AT e 5 M B M it . &

TR B A%, Huang %517 fEBF S5 ADSCs %R 4
FHH ED WIER P ZE, BAR4 K ICP . ICP/MAP,
¥ NO K nNOS & E K FH M, MR Ak
Nt AL MMETAE S T4, 438
KUK RE THIARE P BB 4 ED, i ADSCs
RERCE B X R FE R, MR S 30 ED
BIFEA

2.4 ADSCs #2347 % 5589 ED 694 A BT
ERIBITHS IR — R AR B E AT HE
B2 % 2R BIAT)E ED, Qu £ HER
ADSCs X075 B ED WIER S R, 484k
WISt ADSCs BB EWER B KRB EIIEE, F
if 4 = nNOS 2 ik K ¥ 48 4K F ¥ WL ( cavernous
smooth muscle, CSM) &, HULHIRBEFETEE
WA 25 4k 53 ED, i ADSCs fEi@ 13
{RBEIG L IR 22 R P A SRR B 2hR ThEE

2.5 ADSCs t91s X% Haahr £ T M4
KNS B & ADSCs X RIFIBRERIGA)S ED A
BEEMELtN | SiE KRR, 17 fEER
RIT B FIFIRERIAAE ED BES 5 KK
5, WG ik S B & ADSCs6 A A JG #H 7 i
TREVEHT , MRS By B AR AT A B N S gRE o
FRKI, BRIENES Bk ADSCs MR 3Z 1 4F,
e AR RS S R — SRR R, 17
Bl B 8 BIVKE T BTN H BB ERL . &
e R IR SE T A B ZE M8 48 (R S B & ADSCs
HIZ2t R 84K ADSCs I8 97 AR IRBIREAR G
ED AN, HEZIEKIRR b FEA BT R
4, R BUR AR 3 ; B A AR WA IRk
TN ERIIREIK E B,

3 BB ADSCs S&fraEit

3.1 ARGBMETRS KBEHENERK
ADSCsHE AP, 95 B S FE g3k, 12 25 40 i H
FRARKEFHA R, #8350 WAL 0 % 40 e A
TLEBKBIT ED AR K. Lu £ LB 2
VEGF165 &M iy ADSCs BER Z R B K EE
Boi): N

3.2 KEAFLE ADSCs RREAFMHEGHES
REBITEA. Wang &N R BIZ KA T B
ADSCs BE 32 & K BLEA 2£ ICP 1 ICP/MAP (P <
0.05) g5 E A KWL EPER,

3.3 BA%ST REABKASWRITRE BEERE
ADSCs 3897 ED M)A R th. Jeong %1 ZE BF 5%
ADSC/BDNF E{LBEEEA AR 2 338 JE ¥4 Y7 X+ NED
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MBI R, ZIG T 888 R e A 4 K
AR 3 40 12K I 5 P4 SR 3R T 1R YT AR o Jeon 217
K I ADSCs BE-G-fik B B b o Ik RE PR &2 18 405 B4 8 43
1R i 2 R AR E B 250 4R R Y 1 B T4

3.4 3% ADSCs m e 89 B 4 % Xu £ %
ADSCsifi 13 2 7% = ¥ 45 iy, ADSCs-based MTs 12 &
Bf7 %, Lin %™ 3 3T 6 5 8 o 90 ok TR %
ADSCs#E 4k J5 T B, Nano-ADSCs, #ER; 3 8945 A
T ,Nano-ADSCs WA R EERE, NTIREEIT
R,

A1 GEWHMAR LB MR ADSCs 3257 ED .4

4 EHERE

ADSCs Mg M R 7 B 15 B i —Fh £ Ak
THR, RA BREHF ML @ HeEeE. Hd TH
SRR 2 BB O7 (8 S AR /D AR S e SR S
RRAETHMEHST ED &R XKE, 24 HIESA
] 5 0 3 X s PR TS0 B ik B B BT 5+ ) 5
RAYH) ED K BAEANESL T ADSCs I65T A R K
ATRERIFLAI (R 1),

Table 1. Preclinical trials using adipose-derived stem cells ( ADSCs) for the treatment of ED

Study Year Model ADSCs therapy Effect

Zhou, et al 2017 Diabetic rat ADSCs-based MTs Positive
Zhou, et al 2016 Diabetic rat ADSCs + insulin Positive
Lu, et al 2016 Diabetic rat PEDF-transfected ADSCs Positive
Wang, et al 2015 Diabetic rat ADSCs + hypoxia precondition Positive
Liu, et ol 2013 Diabetic rat ADSCs expressing VEGF Positive
Chen, et al 2016 CNI rat ADSCs Positive
Yiou, et al 2016 CNI rat ADSCs Positive
Lin, et al 2016 CNI rat ADSCs + nanoparticle Positive
Jeon, et al 2016 CNI rat ADSCs + low-energy SWT Positive
Ying, et al 2014 CNI rat ADSCs + autologous vein graft Positive
Mangir, et ol 2014 CNTI rat Autologous or allogeneic ADSCs Positive
Lee, et al 2014 CNI rat ADSC/BDNF + bFGF Positive
Kim, et al 2013 CNI rat hADSCs with NGF-hydrogel Positive
Jeong, et al 2013 CNI rat ADSC/BDNF-membrane + udenafi Positive
Albersen, et al 2013 CNI rat ADSCs Positive
Ying, et al 2013 CNI rat ADSCs Positive
Piao, et al 2012 CNI rat ADSCs with BDNF-membrane Positive
Huang, et al 2016 Rat with tobacco-associated ED ADSCs Positive
Qiu, e al 2012 Rat with RT-associated ED ADSCs Positive
Haahr, et al 2016 Men with ED following RP ADSCs Positive

MT: microtissue; PEDF: pigment epithelium-derived factor; VEGF: vascular endothelial growth factor; CNI; cavernous nerve injury;

SWT: shock wave therapy; BDNF'; grain-derived neurotrophic factor; bFGF: basic fibroblast growth factor; NGF; nerve growth factor;

RT: radiotherapy; RP: radical prostatectomy.

el R BT HR I B B, B4R ADSCs 7£34 47 ED
TR TSR, (B2 ADSCs i AW4
NS IFTER B R R AR S R RRN
R ARSNGB e d P R E T IFZ A 84
. IR ADSCs-MTs,Nano-ADSC —EREHIIE &
TEAR, SR8 A S A EEROhE
HEBEERERSEMRN—NF I, RABKEIHITE

W BB AR RBAR BRI A Rk, (B A BB IE T
REMA, BRRE R BTRERARN S -
Il o

Fels RIXE BB, R B B ADSCs iEH T Hib
57 ED &M XA, (AR ADSCs WERAEIRIT
T REAKIH, Tt — SR EBETHNE G457
WL R AT E] & R . ALK B & R &
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MR ENARRMAAEE, 24N EEACE
i TRZ KT ADSCs 3397 ED ] GEDLMH] , (HE
Bt B F A 2= AL R B, X S T
il R SHEK

ATCEFR T I 5 -3k ADSCs J87 ED By RHG
B AR M B IT . SR BRI SRS A
JRE, T I PR IR B By B B AR IESE T ADSCs {697
ED AR R Zet (Bl THAR/N BRZXH,
HOF R BA Ve B R4 F 1 SimRR
WM B, REVIH B e R 24 38 28 R AR 2P
N sy = 7 NN SR = - WA= 4] 7 N sA
B

ADSCs [k T#EIR 47 ED 5 T B/~ A R S5,
HIRREME N F A SR AR B RN B E IR 4tF
MFEL, AL TR BEEE ERRTEHTEAX
BEEAM. R, Y HimxH 8RR (WS
BRI AE ,ARIER B E , £ 2% R K B IEE
BERGIT , JET 7R A RN ERAR , MR T e 3 IR PR AR o
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