[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

Soeo] i AU GATY isladaion V¥ o lact VE o550 V190 sidead olog5 (St psle o€kl (S 0uSitily dhas Il ”\/”

w9092 S9N 903 5 1 03kl b (5 > (19,95 42 25 Shogail (S3lis sladghw juled

QO TYA ST AFROAYAY i ud WAGATAR s VFR0/A/TA sl s DJ&
Slags S SIE s s 3 Smoothened :us s o Coens ST pslbygo s g0 J oS50 305 dudt g dinsj
@l el Gbd s 5558 0 el (5 Sl KLA@ S g 3l eslizad .l (Sonic hedgehog)
SLalss o3 S s, Sltudl 5 58 Jural 5 aadld sy 58 S e Oy ) e 3L o Slaimds 2
S l (S (g0 4 0T s sbuasOlis e Jlo 53 sladshe 53 0T Ol &8 dies S >~
sl S 055 a4 dU el (ool sladsher 5l 53 el 505 JsSU50 oLl oy andlas ]
ladsle (23 8 el Ol (Sdpy poke oKals 53 YL ol o 53 45 o anlllas ol 3 Gy s
Gl Sl Sl e sulasls g Sl 31 e s (3lalter o5 2ol 3L S a5l Bs5 4 3l
Lims b ke (g pled 058 55 s s (bS5 S 055 53 4 bdshe e A3 el el e
Ol sl » Real-time PCR - ooman 5 (ICC) pord st s sasl s o LS Hla eld 5055 (S5l (5 les
Al ez slad sl sls S5L

&y 5 e CD146 5 CD90, CDI05 (5l JU o sl (s3bis slad sl o5 3l 0LE (g jim sl sls 5IUT loasit
omliogss b edd Ll sl 8 sl 0L Realtime PCR 5 ICC mls ks i CD3I, CD34
S a0l |y 51l 3 S dmd 5 O, 5 (S sadss 5 e Sk

s 03505 I b el sy IS5 8 S35 o Ol Shany n) slaadl il g eSemd
L S Gloss oisn (mas gbdhe 4 o3k gladsle ples Gl LUy Slags S SIS

Syls

.ju@ St ¢ Cyalh g 55 55 ol 20 ) (o3l slad sl el gl Oolads”

5 Sosmel ml Bbay 0 Jusges gliE (o L

25 ol ol slad e 3l eslinal Vs sl e il p 2 ekl

e O Glghian S s L
Y 1 . Y -
S A COL el

T plasl

(o oo oAl sy il sl 05—
el g7 sl oL

el pale 5 Sl ki 00,5 =T
(S s sl oA ST 52,05
el g s Sy sl olSED
A Ll syl ple 00 ST
oA (gt ol ool 5 i

Ol Sl il

*
AY ojled (e dogd DLl O1g i e oy 53

o oKl
Y- ANV als

E-mail: kouchesfehani@yahoo.com

FUR Y

L s W Olg s sladshe 5 v ool gladshe b el
foel Bl el il pte s Ll obal O SIS
5SS Camer Joli DLl sl &S sl el jasiie
53 S Sl (S &8 el J sl sl glad sk

Sl @il el gl el ook lad e 51 e mes

Tehran Univ Med J (TUMJ) 2017 March;74(12):861-8

http://tumj.tums.ac.ir

Ghdes s Cenlt glls S el sl el J ke

Tl K slad sl C\}ﬂ Ay b b g es s (Self-renewal)
Pl e L g bl IS b osby sladsle
sl éb sl glacal 5l galy slaas s CXL ool sbd sl

cO‘J._':J g:,\.“.: Ay “_A.l.é 4&6« v.:—w:.w cd)> u:,...uﬁ Mer.:.hlﬂ M.».é.:g


https://tumj.tums.ac.ir/article-1-7883-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

OlolSan 5 lpinn S iuno Lo AY

S ol 2 B S S e s el b
4 CD31 s,L 5 CDI105, CD146, CDY0  oiilse (sla S )l
Gedshe Sob Olsisa CD34 5 W50l sbdsle Sk ol s
3 S olital S 5 slas

s Al S b 2 ) e e o
Lo 3 KBS K8 Al 3L Lo agds ¥ Sodeay )
CD31, CD34, CD105, CD90, : lls i 5,50 (slagssb sl
ety L3 g Jeate il 5l a 56 (3L 5T S 4 45 CD146
Lcele S odeds Iadams bad shor s LS 4SS Cslen G
Oy oz 1 e sad OF 51y 5 L oS3 ) e 31
Flow cytometry (FACStar Plus@, Ly  odow b S,k
(S4ws 3o ;3 Becton Dickinson, Mountain View, CA, USA)
S s 0L,

L dl sl ool gladshe mae sbadshe & Lo ol
LA 03l3 S Il YE Glaady 53 Bledee p s Sl ¢ S
4 S RS eSS 3 s i es S 53 bl nl 3
& S Sl 65,5 ki 03553 DMEMFI2HFBS 2% Lass L0l
3 S Lol o Oy el ses 5 (ol S lad Jame Wl

Gl ol YE g B s 00 e cellwell slaws & ad sl
Sl YE 51y B2 esls SIS TN+ o s DMEM/FI2 Lo
50T Rldess Al BLSl aae (g pled B (g plad o5 5
Jol o 53 Bl el a0 Sl gnled Jole 5 02
DMEM\F12, FBS 20%, B27, IBMX, 2ME, :J.oLi Srls e
Jsl g ples lamms 555 G Sl e 3 8 6lS1 ad e 4 FGF2
Lowe ol s 5 Lol e (gl Lo 5 A3 £l LS
555 e e 4 & 5, DMEMFI2, N2, B27, PMA : Ll
S S s 53 A b pl sl OF dhesa b
ol s Lamn 503 S ol g Jame e i3 S Sse
& bdshe L35 6lsl bl 4 DMEMFI2, RH, PMA
S Sopon o 5 Lud Jld b L Sy, Sl s
5458 ool o Lame OF 51 Gy AD g Ole 3 s,
Lo ol s Bl bl sl bl 4 o)l Lo

S, 555 33 lase 3 DMEMIFI2, N2, B27, BDNF : sls

s omia 5oy 03 bdile GSilsose 5 AL LA UL

o 0sA AL o s el (b Ol e
A5l e JU e sl (ol slad s &S sl ol asiin Sba
Lol (sl Jemily & a5 bl ples Oa) s ad Glad sk &
Gle O 5l dhe ool ey Slasin s 5 Lan5 «
S B S e S e 50 S SOsS 25l ek
S 03l IE Bus b beges a5 Lslpe 51l Wd Ssa )
Sde Vsb 5 ples bl 5 035 Jas ol SIS s
S Ll S Gl Ge Sl Gl sl 5 S e sl
5> Smoothened s ST sl goy 5 JsSe 5, il e
2555k .l (Sonic hedgehog) Ku@ Ko I
Loss Fob o plie U Slags Sopm b ol
JU e sl ool slad she plas (gl ol el Sladllas Ts s
Srled 5B Sleslinl b (S > 0555 ousn ae sad sl &
Hal oy Slags S pomad 5 Aol S 5
3 oeelisss Jspe abls s ol anllae 5 G
Al e S 005 4 el ol slad sl el

IR U9

slo e 53 (il o oo andlas & s ol ganllas
s Sl eaSCils oKilesl 3 ATAE ole sls = G AYAY
el b S el Ol (S pske o821 S
Oloys gl a8 b3 31 el Sl gas Inl andllas ol o
anl o O 53 (0) pemtplel (29) jandy Olislo & 2130
ol laass el sty oS sl 35 ol b Wy o3 S
Ly 5 08 Jime Jshe 28 o80T 4 Hanks mle 55 lial
A i s 1) emlo gt il 5 e i gsl e 3L il
SUSIS gbme 53 Colar 55 e a4y L edn sk & 0T 1y
e X35 )13 CO2 10 5 YV C glas s AL 1 gy
G b Cdpdy g £ 5 Ve pm gla 2l b Ol il
Gladsle man sl J5SGL los 51005 5 1 8L ol s
Lo woodd e gbadgbe e b3S eslital (glazeacs
el s el 5k 5w 10 (55l- DMEMFI2 oS
S e Sl Sl gl ad sk p g SLaly 51 ey A i

AEAGAFY T o)l VF 0,90 ) FAD dtied] o35 iy gl olSils o Ky otSCitils aleo


https://tumj.tums.ac.ir/article-1-7883-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

ATY elissosy Jsso s Sl sl b (Soa Guuss 4 pay sto st sl slafshew solas

Microsoft Excel 2013 (Microsoft Corp., Redmond, WA, 5 J.lo
A S Al lsbas P<r/r0 45 8 o~ USA)

sl

-

Sbcarer Ojson adsl glels 5o JL el glad sl
Al e s LAl O pon e glajlal 5o oS ail s el
Glade 4 and sld ool ciS alls JU sl slad she
el (0 JK8) wls S8 Sas gled 5 A audls
oo Sl 1 g Wad b (nl (5 sl sl 53 e esls DL
el 6l Sl 45 CDY0, CD105, CD146 (sl S Lo 45 Conns
Aoy CD31 JUbsll Sl 4 cud 5 Cade cdien
(Y J58) andl o ke CD34 Sty siles
sl oS ol Ol addllae (b s ad sk S50 o

Sl s 5 sl oy ladsdu 55 S50 Ol s

e 3ol 31 o el oy e s sles Sy K ) K3

Ab o Sy d s P 4l g den SS S s b gluls ad g
(Scale bar: 100pm)

035 ladsle 85 A Al s en s S S
/Y e ssl= DMEMFI2 L gl J=s 0LL b J s
Stk s NF, Chat gla S)le Ol o) il ame 20 925
7 Al UL L lad g sl s A plndl (g g g o
X100 2% 0555 Jdome b s (s S alds V0 Sodows
loms OF 31 e Bdd pJ358 GBI glas L3 aids Yo Slew
Yoo oo 4 e 5L Jslee 53 Goat serum 5% (g gl s eSS
4 S chle) NF sl 3l o1 s o 3L o] gl @0 4
Ldsle 4 cole 95 Cdeas (Yor & S cbale) Chat o(Yee
2 Ve 4 G skl b Anti rabit IgG 45U gL 5T as 6l
Gl s ele S Sdeny 5 A3 S WLl adl slassl T ade
A3 5 (65l S, DAPT L ad sl gatn i (5,106 53U

Real- S5 NF 5 Chat slady Oly Olpe oo 5 s skien
RNeasy .5 L ladsle 51 RNA gl Al ad el time PCR
e A3 S rlqgl plus mini kit (Qiagen, Hilden, Germany)
cDNA Synthesis Kit First strand) <.S ;| oslewwl L cDNA
Ol ks 5l el Cowsas (Fermentas, St Leon-Rot, Germany)
Real- 5JUT 3,50 o Jla 5 J,25 65,5 53 Chat 5 NF sla0)
s Gass J S Olges GAPDH 0 .cs 8 413 time PCR
s Bl pled 055 53 Gnles s0S Ol b 5 As @ S
s S BT J S ey S

pll S5 sl LSS UL 4w b Bl Ll des
(MeantSD) Lol it Sle Sopgmas laesls iz oy
SPSS software, version 16 (IBM L laesls 5JUT .63 S 5,058
One-way LT ol 5 A ¢! SPSS, Armonk, NY, USA)

)l 4.]9};}& 6&)‘)}&4 9 Ju.:ﬁ)f )‘J'; oslazal S48 ANOVA

ol oalaiul dhm|)$ A J,-\?

(OYSTIIF baly S 85
00 F GCAGGAGAAGACAGCCAACT Chat
R AAACCTCAGCTGGTCAT
00 F CAGAGCTGGAGGCACTGAAA NF
R CTGCTGAATGGCTTCCTGGT
00 F TCGCCAGCCGAGCCA GAPDH
R CCTTGACGGTGCCATGGAAT

Tehran Univ Med J (TUMJ) 2017 March;74(12):861-8

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-7883-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

OlolSan 5 lpinn S iuno Lo Mg

FITC conjugated anti-CD105(79%)

FITC conjugated anti-CD90(80%)

FITC conjugated anti-CD146(97%)

160 200
L

180 200

120
"

]

Counts.
a0

40
|

a3 o DL |, CD31, CD34 gla S 5lo it Oly 5 CDIO, CD105, CD146 sla S Lo oo Oly 45 (5 sl gld s oY s

Sl DL S pal s el g JS0sens S
O bl ol s S B L wdbpls laos, s
JS2) Al e Sl el 5o S dael 5 0Ll s s 5 mas sba S L
(8

s Ol SRl edasplis Real-time PCR 51 Jol> o]
was pled Ol ey LSS S dead 5 Ol 8 oS
ssed) Libpe J RS 05 8 w4 Cand JUzes il (g3l slad sl
O dsas) 5 O

Sow

3

5 edel sty lad e oS sls 0L ol axdllae glaazly

ol e o Sole Ol b 0Ll o Jb el sl
o Jbresdl sl sadgle Lol S5l 5 CD90, CD10S
sl opl das o 0L 1) 05y ol Sy CDI46 oa
b mls cnl Log e CD3L, CD34 (sla Silo & S (e
ol s 53 Tl Jlies wued cpl 03 oty slaasily
S ool Gillae bd b (pl pled Gl e (S e S

o) WA 335 53 ke SSe5 b ks 1 S5 Sn s 1 S5
(Scale bar: 100um) . b3 51 (le

wlsl 335 YV B oS ddodss Sles oy a0 ST o piles
las bl 5 dshe (a5 08 Jisb ol Ol a3
Olman J 58 055 4 A odos b 3 Sluks ol 3y WO o
sdalie WOl 3 (6,miS gor 5 33 alsl ol & Zo i b
Sldibe o 3l 0L b stmgipml @l JK8) 4

A dese S osblas @ ples 05 Gl b sl

AEAGAFY T o)l VF 0,90 ) FAD dtied] o35 iy gl olSils o Ky otSCitils aleo



https://tumj.tums.ac.ir/article-1-7883-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

Ale el sou g SsSsosus Sl sldicd b (ASoa o550 pay sio sl sules (sla[shew Slas

Chat/DAPI

(Scale bar: 100pm) el pled 3 55, ¥V 28 3 o o2 S S Hle opl Ol edas LS 4 NF, Chat sl S )k (gl 5 (sond siom 55 9o @L"J Rt

pled 3 8 eslinal 3y, 0 S84 eriilie sbad e b gl
Los Ok ool e ladshe a0 Jb el ool glad s
S Lol Cldlee 53 a5 @38 bl ulSea 5 WolfF
e 3 T3 S eslinal FGF2, EGF, RA Wl sla, sS1
IS0 g05, 3 omae led oiS Wl (sla, 586 cpl oo Ll
.hw}; ol rl’ul L)':":“':i axllze BE A esladd O,:.AU)}A)};:
Sy dU sl ool sad s 31 01, Kea 5 Ebrahimi-Barough
Shadlas O 3 bl el ol eslinad S > glads, s 4 pl
Sl 4 ol axdllas 5 aS 54 el oslanal Su@ S g H5SB
oalal w,db_)}d)ﬁ J}Q}A ;,<>JS _)\ gfl.ﬁch g,(:.»)..a )},Sl.é
ol sbadsle sl =L las ol axdlls o NURY
Fop Slgs S S bug S Osp 4 Jb sl
Jeel 5 NF coadhd g ol s 51 ol addlas 5 Lol =k

Tehran Univ Med J (TUMJ) 2017 March;74(12):861-8

http://tumj.tums.ac.ir

Real time-PCR results

] i I
— —

MF

Relative fold change expression

W ireatment ®control

W03 Oy Llsbias i3l Kby o Real-time PCR iS5 sl 1) s gos
bl pls bdde ;3 NF cadldy, s 5 (Chat) 51,4515 d S ful
3 3BT 3550 One-way ANOVA (LT s b b .hdly oo J 28 095 4 S

3 S s Jlslims P<t/00 5 b S


https://tumj.tums.ac.ir/article-1-7883-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

Mohseni Kouchesfahani H. et al. A

S 93 by bl g s eslatal JU e sl (sl (slad she

S Olgea el JsSsmns Bre b5 285 D

S gar e 4 el Gladsle SOLT sl
s Ebrahimi-Barough L. & o1i el s andlas s 5 el
a0 pled a5 JU e sl ool slad sha a5 Wlesls LS 01,
5> Tals 19294002 e S sS 5l eslinal L1y S > 0555
S 55 amd Oy gl G slaasl Ll Sylg
Fosdl ool sbad s nlas G U155 opley a5 J S0 50 525
2l 1y S el ehsh (e Sbad e 4 o>
Bpe cod wboll 5 ise Jobm dli ol il
b ae ladshe 4 o) Jb sl ool ladshe pls"
3ol oKl e Ml ysa s IS0 5e S 5l ealind
e 5 Sl g 058 Colem L oS AaLe YAE UL s

L&J.LA-)J L.T—":JL'LG" Qu»jéﬂzﬁ (a}l.:« al.<,i_}\: L;:,»JS L;)'L"

ol sl 'j"l Q\’@j

References

1. Hombach-Klonisch S, Panigrahi S, Rashedi I, Seifert A, Alberti E,
Pocar P, et al. Adult stem cells and their trans-differentiation
potential--perspectives and therapeutic applications. J Mol Med
(Berl) 2008;86(12):1301-14.

2. Lakshmipathy U, Verfaillie C. Stem cell plasticity. Blood Rev
2005;19(1):29-38.

3. Sakaki-Yumoto M, Katsuno Y, Derynck R. TGF-f family
signaling in stem cells. Biochimica et biophysica acta. Biochim
Biophys Acta 2013;1830(2):2280-96.

4. Ding S, Schultz PG. A role for chemistry in stem cell biology. Nat
Biotechnol 2004;22(7):833-40.

5. Raufi A, Amini A, Azadbakht M, Nikkhoo B, Aboozari M, Fathi
F . In vitro differentiation of human umbilical vein mesenchymal
stem cells into hepatocyte-like cells. Sci Iran Blood Transfus
Organ 2011;8(2):79-87.

6. da Silva Meirelles L, Chagastelles PC, Nardi NB. Mesenchymal
stem cells reside in virtually all post-natal organs and tissues. J
Cell Sci 2006;119(Pt 11):2204-13.

7. Navaei-Nigjeh M, Amoabedini G, Noroozi A, Azami M, Asmani
MN, Ebrahimi-Barough S, et al. Enhancing neuronal growth from
human endometrial stem cells derived neuron-like cells in three-
dimensional fibrin gel for nerve tissue engineering. J Biomed
Mater Res A 2014;102(8):2533-43.

8. Ma S, Xie N, Li W, Yuan B, Shi Y, Wang Y. Immunobiology of
mesenchymal stem cells. Cell Death Differ 2014;21(2):216-25.

9. Gargett CE, Schwab KE, Zillwood RM, Nguyen HP, Wu D.
Isolation and culture of epithelial progenitors and mesenchymal
stem cells from human endometrium. Biol Reprod
2009;80(6):1136-45.

obil la)lS L MRNA 5 (s odaw 3 Chat 5lLail 3 oS

RN
Lo

Ll Jlgan 4B S oo G suie 5 el
Skl ool sladshe Wl 55, VY a8 sl 0L Lol asdlas
Ailan ool 5055 IS 5055 Shols L ek sy OLI o
3L SOl Ole o3y VY Gessn el OLL Lo &S usba 5 0 i
Sl g S daal 5 O, 8 (S 0a58 ey O3
sl S

2l gl Blay adile (g3l lad b 51 anlllae S s
GL.» A eslital el gey g 3 eslatel b S b s
a by Bl gladshe sy pld Oy b, se, e oS sls OLLS
S e g sdm 93 lasme 5 adllae pl a8 a5l S > O,
ol el ol

OIS el s a5 g SOl 5l s adlas opl s
axdllae oS A oslinad anl pld (S, 04,58 U (gl 5l s
5 ol anlllas 55 VASL e 0l plowil andlas b illas 55 51>

10. Schwab KE, Gargett CE. Co-expression of two perivascular cell
markers isolates mesenchymal stem-like cells from human
endometrium. Hum Reprod 2007;22(11):2903-11.

11. Ai J, Shahverdi AR, Barough SE, Kouchesfehani HM, Heidari S,
Roozafzoon R, et al. Derivation of Adipocytes from Human
Endometrial Stem Cells (EnSCs). J Reprod Infertil
2012;13(3):151-7.

12. Song H, Chang W, Sang B, Hwang K. Specific differentiation of
mesenchymal stem cells by small molecules. Am J Stem Cells
2012;1(1):22-30.

13. Roberg-Larsen H, Strand MF, Krauss S, Wilson SR. Metabolites
in vertebrate Hedgehog signaling. Biochem Biophys Res Commun
2014;446(3):669-74.

14. Ebrahimi-Barough S, Norouzi Javidan A, Saberi H, Joghataei MT,
Rahbarghazi R, Mirzaei E, et al. Evaluation of motor neuron-like
cell differentiation of hEnSCs on biodegradable PLGA nanofiber
scaffolds. Mol Neurobiol 2015;52(3):1704-13.

15. Verdi J, Tan A, Shoae-Hassani A, Seifalian AM. Endometrial stem
cells in regenerative medicine. J Biol Eng 2014;8:20.

16. Ebrahimi-Barough S, Hoveizi E, Yazdankhah M, Ai J, Khakbiz M,
Faghihi F, et al. Inhibitor of PI3K/Akt signaling pathway small
molecule promotes motor neuron differentiation of human
endometrial stem cells cultured on electrospun biocomposite
polycaprolactone/collagen scaffolds. Mol Neurobiol 2016 Mar 18.

17. Gargett CE, Masuda H. Adult stem cells in the endometrium. Mol
Hum Reprod 2010;16(11):818-34.

18. Schwab KE, Chan RW, Gargett CE. Putative stem cell activity of
human endometrial epithelial and stromal cells during the
menstrual cycle. Fertil Steril 2005;84 Suppl 2:1124-30.

AEAGAFY T o)l VF 0,90 ) FAD dtied] o35 iy gl olSils o Ky otSCitils aleo


https://tumj.tums.ac.ir/article-1-7883-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

AV

19.

20.

21.

22.

23.

24.

25.

26.

27.

Differentiation of endometrial stem cells into motor neurons by the use of purmorphamin small molecule

Hoveizi E, Tavakol S, Ebrahimi-Barough S. Neuroprotective
effect of transplanted neural precursors embedded on PLA/CS
scaffold in an animal model of multiple sclerosis. Mol Neurobiol
2015;51(3):1334-42.

Ebrahimi-Barough S, Hoveizi E, Norouzi Javidan A, Ai J.
Investigating the neuroglial differentiation effect of neuroblastoma
conditioned medium in human endometrial stem cells cultured on
3D nanofibrous scaffold. J Biomed Mater Res A
2015;103(8):2621-7.

Ai J, Shahverdi AR, Ebrahimi S, Mohseni Kouchesfehani H,
Heidari S, Roozafzoon R, et al. Derivation of adipocytes from
human endometrial stem cells (EnSCs), J Reprod Infertil
2012;13(3):151-7.

Niknamasl A, Ostad SN, Soleimani M, Azami M, Salmani MK,
Lotfibakhshaiesh N, et al. A new approach for pancreatic tissue
engineering: human endometrial stem cells encapsulated in fibrin
gel can differentiate to pancreatic islet beta-cell. Cell Biol Int
2014;38(10):1174-82.

Baheiraei N, Yeganeh H, Ai J, Gharibi R, Ebrahimi-Barough S,
Azami M, et al. Preparation of a porous conductive scaffold from
aniline pentamer-modified polyurethane/PCL blend for cardiac
tissue engineering. J Biomed Mater Res A 2015;103(10):3179-87.
Woodbury D, Schwarz EJ, Prockop DJ, Black IB. Adult rat and
human bone marrow stromal cells differentiate into neurons. J
Neurosci Res 2000;61(4):364-70.

Taha MF, Javeri A, Kheirkhah O, Majidizadeh T, Khalatbary AR.
Neural differentiation of mouse embryonic and mesenchymal stem
cells in a simple medium containing synthetic serum replacement.
J Biotechnol 2014;172:1-10.

Choi YK, Cho H, Seo YK, Yoon HH, Park JK. Stimulation of sub-
sonic vibration promotes the differentiation of adipose tissue-
derived mesenchymal stem cells into neural cells. Life Sci
2012;91(9-10):329-37.

Yan ZJ, Hu YQ, Zhang HT, Zhang P, Xiao ZY, Sun XL, et al.
Comparison of the neural differentiation potential of human
mesenchymal stem cells from amniotic fluid and adult bone
marrow. Cell Mol Neurobiol 2013;33(4):465-75.

Tehran Univ Med J (TUMJ) 2017 March;74(12):861-8

http

//tumyj.tums.ac.ir

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Zhao P, Ise H, Hongo M, Ota M, Konishi I, Nikaido T. Human
amniotic mesenchymal cells have some characteristics of
cardiomyocytes. Transplantation 2005;79(5):528-35.

Kim EY, Lee KB, Kim MK. The potential of mesenchymal stem
cells derived from amniotic membrane and amniotic fluid for
neuronal regenerative therapy. BMB Rep 2014;47(3):135-40.
Wolff EF, Gao XB, Yao KV, Andrews ZB, Du H, Elsworth JD, et
al. Endometrial stem cell transplantation restores dopamine
production in a Parkinson's disease model. J Cell Mol Med
2011;15(4):747-55.

Ebrahimi-Barough S, Ai J, Mohseni Kouchesfahani H, Nabiyuni
M. Isolation and characterization of human endometrial stem cells
and evaluation of their differentiation potential. J Exp Biol
2012;4:12-28.

Fu L, Zhu L, Huang Y, Lee TD, Forman SJ, Shih C-C. Derivation
of neural stem cells from mesenchymal stem cells: evidence for a
bipotential stem cell population. Stem Cells Dev 2008;17(6):1109-
21.

Wu B, LI W, Wang L, Liu ZH, Zhao XY. Stem cells and small
molecule screening: haploid embryonic stem cells as a new tool.
Acta Pharmacol Sin 2013;34(6):725-31.

Schugar RC, Robbins PD, Deasy BM. Small molecules in stem
cell self-renewal and differentiation. Gene Ther 2008;15(2):126-
35.

Faghihi F, Baghaban Eslaminejad M, Nekookar A, Najar M,
Salekdeh GH. The effect of purmorphamine and sirolimus on
osteogenic differentiation of human bone marrow-derived
mesenchymal stem cells. Biomed Pharmacother 2013;67(1):31-8.
Lu B, Atala A. Small molecules and small molecule drugs in
regenerative medicine. Drug Discov Today 2014;19(6):801-8.
Bahrami N, Bayat M, Mohamadnia A, Khakbiz M, Yazdankhah
M, Ai J, et al. Purmorphamine as a Shh signaling activator small
molecule promotes motor neuron differentiation of mesenchymal
stem cells cultured on nanofibrous PCL scaffold. Mol Neurobiol
2016 Sep 14.


https://tumj.tums.ac.ir/article-1-7883-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-11 ]

I [ ] ] v I l Tehran University Medical Journal, March 2017; Vol. 74, No. 12: 861-868

Original Article

Differentiation of endometrial stem cells into motor neurons by

the use of purmorphamin small molecule

Homa Mohseni Kouchesfahani
Ph.D.!"

Somayeh Ebrahimi-Barough
Ph.D.2

Jafar Ai Ph.D.?

Azam Rahimi M.Sc.3

1- Department of Animal Biology,
School of Biological Sciences,

Kharazmi University, Tehran, Iran.

2- Department of Tissue
Engineering and Applied Cell
Sciences, School of Advance
Technologies in Medicine, Tehran
University of Medical Sciences,
Tehran, Iran.

3- Department of Animal Biology,
Cell & Developmental Biology,
School of Biological Sciences,

Kharazmi University, Tehran, Iran.

*Corresponding author: Kharazmi
University, No. 43, Shahid Mofatteh
Ave., Tehran, Iran.

Tel: +98- 21- 86072709

E-mail: kouchesfehani@yahoo.com

Abstract Received: 18 Dec. 2016 Revised: 09 Mar. 2017  Accepted: 17 Mar. 2017  Available online: 18 Mar. 2017
Background: Small molecule Purmorphamin (PMA) is the agonist of smoothened
protein in Sonic hedgehog (Shh) signaling pathway. Effect of purmorphamin small
molecule on differentiation of mesenchymal cells into bone tissue has been studied
previously. Use of Shh causes progression of neural differentiation, and the
differentiated cells express specific neural markers. Neurofilament (NF) and
acetylcholine esterase (Chat) are specific markers of motor neurons and their
expression in differentiated cells indicates their conversion into motor neurons. The aim
of this study was to evaluate the ability of PMA to differentiate the human endometrial
stem cells (hEnSCs) into motor neurons.

Methods: This analytical study was done in Tehran University of Medical Sciences
laboratory on September of 2015. In this study hEnSCs were enzymatically extracted
from endometrial tissue. After third passages, the flow cytometry was done for
mesenchymal stem cells markers. The mesenchymal stem cells were divided into
control and differentiated groups. FBS 10%+DMEM/F12 was added to the culture
medium of control group and the differentiating group was treated with differentiating
medium containing N2, PMA, DMEM/F12, FBS, B27, IBMX, 2ME, FGF2, RA,
BDNF. After 21 days immunocytochemistry (ICC) test was done for the expression of
NF and Chat proteins and Real-time PCR analysis for expression of neural markers
such as NF, Chat, Nestin and GFAP (as glial marker) at mRNA level.

Results: The flow cytometry analysis showed that hEnSCs were positive for
mesenchymal markers CD90, CD105 and CD146 and negative for endothelial marker
CD31, and hematopoietic marker CD34. The immunocytochemistry and Real time-
PCR results showed that the cells treated with PMA expressed motor neuron markers of
NF and Chat.

Conclusion: According to the results of this study, it can be concluded that small
molecule PMA has the potency to induce the differentiation of hEnSCs into neural

cells, specifically motor neurons by activating Shh signaling pathway.

Keywords: differentiation, endometrial stem cells, purmorphamin, sonic hedgehog

pathway.

APAGAF) T o)las VE 0,50 ) 9D bl o g (Kb pale olSiily o Sy 0dSCiils dles


https://tumj.tums.ac.ir/article-1-7883-fa.html
http://www.tcpdf.org

