Stem cells in Erectile Dysfunction
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. TaBLE 1: Number of published stem cells for erectile dysfunction
studies.
Years 20042011 2012-2013 2004-2013
_____ Number of studies
Total 15 20 35
Disease model
Aging 2 1 3
CN injury ri 12 19
Hyperlipidemia 1 0 1
T1DM 2 6 8
T2DM 2 0 2
TA injury 0 2 2
SC type
ADSC 5 13" 18
BMMNC 1 0 1
BMSC 4 5 9
EPC" 1 0 1
ESC 1 0 1
SkKMSC 2 1 3
Testis SC 0 1 1
UCBSC 1 0 1
*Including 2 studies using SVF cells.

I P Probably BMMNC. .




11 HEAETN 2004.

Meypt 2013 AAAeC 34.
2004-2011: 15 UEAETEC
2011-2013: 20 pueAetec!
KAwvikee peAetec:

French trial (Identifier:NCT01089387) autologous
bone marrow mononucleated cells (BMMNC) in
post-RP ED patients.

US trial (Identifier: NCT01601353) autologous ADSC
in patients with organic ED.



Avaioya pe tn OuvaTtoTnTa O1aPOPOITOLNOTC
Pluripotent: diagpoposmolovvtanl oe 0Aa Ta €101 KUTTAPWYV
Multipotent: oe TOAAQ AAAQL OX1 O€ OAQL.

AvaAoya pe tnv tpoeAevo)
Embryonic (ESC) : amo 1o ecwtepiko tne BAaotokvotnc.
Adult (ASC): amo dragpopoug 10Tovg Tov e€eAlyOnoav.
ESC: pluripotent
ASC: multipotent

Ta ASC dwakpivovtal tepartepw oe: hematopoietic,
neural, epithelial, mesenchymal.



A1a@OpOTTOI0VVTAL OE UECEYYVUATIKOVC 10TOVC: AITTOC, 00TO,
YOVOPO.

Apyika PpeOnkav 0To HVEAO TOV OO0TWV AAAA TIPAKTIKA LITAPYOVV
OXEOOV TTAVTIOV OTIWC OKEAETIKOVC HVEG KAl ALTTWOT) 10TO.

AOY® TN¢ EVTOIMOTC TOVC YUPW OTTO TA AYYEL TTPOTAONKE N
uetovopaota o€ V(ascular)SC. (“cells that reside within the blood

vessel wall and can differentiate into all of the cell types that
constitute a functional blood vessel”).

Avta pmopovv va dragopomoinBovv oe pericytes, smooth muscle
cells, endothelial cells ka1 ot cuveyela va opyavwBoiv oe
AYYE1a KATA TNV AYYEIOYEVEDT] T] VEOAYYEIOYEVEDT.
Emtiong pmopovv va 01agpopostotnovv kat oe AAAOUE 10TOVC Yid val
olatnpnOel ] OLO100TACT] O€ TEPITTWOT T.Y. 10TIKNES PAAPnC.



In vitro eyovue apketa ototyela. In vivo opmwg 6ev vtapyovv
OAPEC ATTOOEIELIC OTL OVTIWC TA PAACTIKA KVUTTAPA
O10(POPOITOIOVVTAL OE AAA KUTTAPA KA1 £TO1 EMTUYYXAVOLV TO
Oepamevtiko Touvg amoteAeoua. IToAv mBavov va eival
KaOapa TeXViKo/epyaoctnplako stpoAnua.
AMN Bewpia: ITapakpivikn Opaon.
-'Exxplomn ovoiwv mov umopouv:

Na d1eyeipovv TNV avayevvnor Tov YOP® 10T®V.

Na TPOTTOTO10VV TOVE TOTKOVS KAl CUOTIUATIKOVS UNYAVIOUOVS

pAgypovIG.

Na KivnToTtolovv KUTTAapa Tov £eVIoTh (KUplwg KUTTAPA TOV HVEAOD TV
00T®WV) Yla va emolopBwvovv BAaPec

TOTE I'TATI NA MH XPHXIMOIIOIOYME MONO TIX ITAPAKPINIKEX
AYTEX OYXIEZ;



Embryonic Stem Cell (ESC)

Bone Marrow Stem Cell (BMSC-ueoeyyvuatika)
Bone Marrow Mononuclear Cell (BMSC)
Endothelial Progenitor Cell (EPC)

Umbilical Cord Blood Stem Cell (UCBSC-
AlpommonTika aAAa kot Meoeyyvuatika)

Skeletal Muscle-Derived Stem Cell (SkMDSC)
Adipose-Derived Stem Cell (ADSC)
Testis-Derived Stem Cell




Autologous
Allogeneic
Xenogeneic

E10ika ota ADSC pmtopovv va xpnoiposmoinovv 1o VAIKO
QITO TIC AUETPNTEC AUTOAVAPPOPT)OELC TTOV YIVOVTAL
TTAYKOOUWC.

Ta MSC 6100£10UV AVOCGOKOTAOTAATIKEC KAl
aAvVOOoOPUOUIOTIKEC 1010TITEC KA1 ETTIONC OEV EXOLV TA
avtiyova tov cvotnuato¢c MHC (Major
Histocompatibility Complex- IT)kat £1o1 8ev TpokaiovV
AVOOOAOY1KT) AVTIOPAOT) OTOV EEVIOT).



Metpla €k@paoT TV AvTiyovwVv Tov major histompatibility
complex class I.

Aev ek@padovv Ta aviyova Tov major histocompatibility
complex class II.

[TapainAa £xovv 10XVPN AVOOOKATAOTAATIKT) OpaoT) peow cell-
cell contact ka1 ekkplon ovolwv omwe nitric oxide, indoleamine 2,
3-dioxygenase kat heme oxygenase-1.

AMIAETIOPOLV LIE OVOETEPOPIAQ, OEVOPITIKA KUTTAPA, natural
killer cells, nmowo@iAa kat pakpo@aya KataoTeAOVTAS T OpaoT)
TOUC.

KataoteAovv 6paoT ovOETEPOPIAMYV LECW éKKplon IL-6.
AvagTeAOLV TN 51a(pOPOTIONOT) TWV HOVOKLTTAPWY 08 OEVOPITIKA
KUTTAPA.

YvvkaMuiepyela MSC kau natural Killer cells perover mv
mapaywyn IFN-y kata 80%.



EvOoonpayywon eveon.

Eveon oto MPG (major pelvic ganglia) oe movtikia (ywa
QITOKATAOTAOT) VEVLPOYEVOUE 2A

2VVOLACUOC TV AVOTEPW.

Awyfxe dpn'tucn tommoBetnon SC ota vevpa KAt KAAVYPT) TOVC UE
scatfol

Eveon meputpootanika pe 1 X0P1¢ VOO0 payy(bﬁn EVEON.
AKLTTAPIKO OLVOETIKO HooKeLHA eptoTiIopevo pe SC yla v
QTOKATAOTAOT) B)\aﬁng TV OTPAYYDOWV VEVPWV.

EvOogpAefia yopnynon.
Xpnon SIS uooxef)uovtog euﬂouopévo ue ADSC oe v. Peyronie.
‘Eveon otov wwon Yttwva tov meovg ADSC yia va petwdet )
avamtugn tvwong oe v.Peyronie.



Metpnon ICP (Intracavernous Pressure)
[oTonUIKES HETPNOELC

['a ta evoobnAlaka xvtapa tov eovg: CD31, eNOS,
RECA-1, and vWF.

['a ta onpayywon vevpa: THC or IF ypwon ywa
ek@paor tov nNOS.

['a ta Aeta puika kvttapa: smooth muscle actin,
Alexa fluor-conjugated phalloidin.



ATABHTIKA MONTEAA.
1 KAWVIKI] HEAETN:

7 aoBevelg pe Zaky. Awafpntn tomov II, 57-87 etwv.
Xpnon UBSC.
2ToV 1 unva 3 acOevelg eEMAvVAKTNOAV TTIPWIVEC OTVOELS KAl
OTOVC 3 Unveg akoua aAiot 3 acBevelg.
ITapoAa avta yia emapr) Xperalovtayv GIAOEVAPIAN.
2TouC 11 unveg 1 aoBevn g LITopovoe va EXEL ETTAPT) XOPIC
OAOEVAPIAT).
e OAOVC TTANV TOV 7110 NAIKIwUEVOL aoBevn, petwbnkav ta

EMITEOA TOV CAKYAPOL KAl TN YAVKOCUAIWUEVNC
aluoo@AIpivngc.



[1po kKAtVikeC HEAETEG

Xpnowogmoinoav ADSC, EPC, BMSC yevika €6e1éav
avénon tov ICP.



NEYPOI'ENOYX AITIOAOI'TA MONTEAA

EPC, SkMSC, BMSC, ADSC, ADSC/PLGA scaffold

Evooonpayywong, intra MPG, seeded cells on an
acellular matrix, evoopAepiwc.

I'evika Oetika amoteAeopata pe avénon g ICP.



1. Kuttapikn otagopomoinon
T KOTTAPA e€QpavifovTal Ao To onueio yoprnynong!
2. [Tapakpivikn 0paon

BMSC: exkpivovuv basic fibroblast growth factor.

Lysate asto ta ADSC ntav povn mne e€locov Oepamevtikn
ooo kat ta ADSC.

ADSC exkpivouv kvtokivr) CXCL5 HE ayYEI0YEVVITIKEC
KO VEVPOTPOPIKEC 1010TNTEC.
ADSC mov tovg agpaipednke 1 1010TNTA VA TAPAYOUVV
adrenomedullin eyaocav tnv 1010tnTa va amokabiotovv
TI OTUTIKI] AEITOVPYIA 0€ O1aNTIKOVE TTOVTIKOUC.



The Therapeutic Role of VEGF(vascular endothelial growth factor)-
Expressing Muscle-Derived Stem Cells in Acute Penile Cavernosal
Infuny.

Combination of MDSCs injected with VEGF gene.

Intracavernosal transplantation of MDSCs/VVEGF can promote the survival of the transplanted
MDSCs and increase the number of a-SMApositive cells, vVWF-positive cells, and capillaries
density. This treatment can remodel penile tissue structure and ameliorate erectile function.

J Sex Med 2012;9:1988-2000
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Both Immediate and Delayed Intracavernous Injection of
Autologous Adipose-derived Stromal Vascular Fraction
Enhances Recovery of ErectHe Function in a Rat Model of
Cavernous:Nerve Injury

Adipose-derived stem cells (ADSCs)are multipotent, self-renewing cells
with the potential to differentiate into several cell types. ADSCs are
Isolated from the stromal vascular fraction (SVF).

Use of Cultured cells in human subjects includes risk of contamination,
unexpected cell differentiation, and tumorigenesis.

SVF Is a heterogeneous fraction containing preadipocytes, mature
endothelial cells, vascular smooth muscle cells, macrophages,
fibroblasts, and a large population of stem/progenitor cells.

Autologous SVF injected immediately or 4wk after CN crush improved
erectile function, promoted nerve regeneration, and prevented fibrosis
of the corpus cavernosum following CN injury.

Liposuction and injection of SVF as RP may
be a reasonable treatment option for preoperatively motivated patients.

EUROPEAN UROLOGY 62(2012)720-727



Intracavernous Delivery of Freshly Isolated Stromal Vascular
Fraction Rescues Erectile Function by Enhancing Endothelial
Regeneration in the Streptozetqcin-Induced Diabetic Mouse.

Significant improvement in erectile function was noted in diabetic mice
treated with SVF.

Local delivery of SVF significantly increased cavernous endothelial cell
proliferation, eNOS phosphorylation, and cGMP expression compared
with that in the untreated group.

Intracavernous injection of SVF increased cavernous VEGF-A
exHression and induced recruitment of CD34(+)CD31(-) progenitor
cells.

Some SVF underwent differentiation into cavernous endothelial cells.
SVF-induced promotion of cavernous angiogenesis
Short lived -2 weeks.

J Sex Med 2012;9:3051-3065



Effect of an adipose-derived stem cell and nerve

growth factor-incorporated hydrogel on recovery of

erectile function in a rat-model of cavernous nerve
INJUTY.

Immediately after the nerve crush procedure, a preparation of NUMan ADSC was

applied over the area of injury and covered with hydrogel

Impregnated with nerve growth factor (NGF). The hydrogel consisted of

biocompatible and biodegradable material with the added beneficial ability to bind proteins
in the extracellular matrix and on the cell surface. In addition, pilot studies indicated that
the hydrogel matrix released NGF for more than 30 days under tissue culture conditions.

After 4 weeks, animals receiving combined treatment of ADSC
and NGF exhibited statistically significant, but modestly higher,
erectile activity than those treated with ADSC alone or NGF

alone.

ADSCs localized to the cavernous nerve. These findings
Indicated engraftment of ADSCs to the cavernous nerve.

All treatment groups had significantly better erectile responses
when compared with untreated animals with nerve injury

Tissue Eng Part A 2012; E-pub ahead of print (doi: 10.1089 / ten. tea. 2011. 0654).



Therapeutic Effect of Adipose-Derived Stem Cells and (brain-

derived neurotrophic factor) BDNF-immobilized PLGA(Poly-Lactic-

(A)

Co-Glycolic) Membrane in a Rat@del of Cavernous Nerve Injury.

In the ADSC/BDNF-membrane group, erectile function was significantly
elevated, compared with the BDNF and other treated groups.
ADSC/BDNF-membrane treatment significantly increased smooth
muscle/collagen ratio, NNOS content, phospho-eNOS protein expression,
compared with the BCNI and other treated groups.

J Sex Med 2012;9:1968-1979.
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Combined Therapeutic Effect of Udenafil and Adipose-
derived Stem Cell (ADSC)/Brain-derived Neurotrophic
Factor (BDNF)eMembrane-System in a Rat Model of
Cavernous Netrve Injury.

AB/udenafil treatment significantly increased nNOS
expression, VEGF expression,and elevated cGMP level,
compared with the udenafil group and AB group.
4 weeks.

UROLOGY 81:1108.e7¢1108.e14, 2013



CeIIS Potentiates Recovery of Erectile Function by

jection in a Rat Model of Cavernous Nerve Injury
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Scaffoldless Tissue Engineering of Stem Cell Derived
Cavernous Tissue for Treatment of Erectile Function

Peritesticular fat ADSCs growth and
biopsy expansion
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Exposure of penis Incision in the tunica Placement of SMER
and tunica albuginea incision over SMER

Closure of tunical




The formed tissue ( SMER: Smooth Muscle Endothelial
Reconstruct) exhibited architecture comparable to penile

cavernous tissue with SMC and ECs and extracellular
matrix formation.

The implanted cells survived in significant numbers in the
penis after 1 and 2 months.

J Sex Med 2012;9:1522-1534.



ADSC ta 110 ouYVA XPTO1UOTTOI0VUEVAL.

Allogeneic 1) xenogeneic AOyw a@Boviag K1 EVKOAIAC
XpNong.

Agev patvetal va vtapyovv spofAnuata
l1otoovufatotnTac.

70% QTTOTEAEOUATIKOTITA OE OXEOT LE OUAOA EAEYXOV.
Etvatl kAtvika apkeTo;

Evooonpayywong xoprynorn ouXvoTeEPA KAl ATTAOVOTEPA.
EvaAaktika iv, scaffolds, meputpootatikeg eveoerc.

Mnyaviouog 6paonc; ITapakpivikog;



