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ABSTRACT

Introduction: Efforts have been taken to find appropriate sources to replace liver
transplantation. Wharton’s jelly is an unlimited source of stem cells that can be used in cell
therapy and tissue engineering. In this study we investigated whether Wharton’s jelly-derived
mesenchymal stem cells (WJMSCs) could trans-differentiate into hepatocyte in the presence
of mouse liver cell-free extract. Materials and Methods: Mesenchymal stem cells
(MSCs) were isolated from the umbilical cord. The cells were permeabilized by Sterptolysin
O in the presence of mouse liver cell-free extract for 21 days. To evaluate differentiation
and morphological changes, immunostaining for cytokeratin 18 and 19 were performed for
differentiated and control cells. Functional assays were done by periodic acid Schiff (PAS)
stain. Results: The phenotype of treated MSCs in the presence of liver cell-free extract
changed into polygonal cells. Immunostaining demonstrated the expression of cytokeratin 18
and 19 in differentiated cells. Glycogen storage in differentiated cells revealed by PAS stain-
ing indicated functional property of differentiated cells. Conclusion: It seems that factors

existing in the extract able to trans-differentiate WIMSCs into functional hepatocyte.

*Corresponding Author: Maryam Borhani-Haghighi

E-mail: borhanihm@gmail.com

]

Accepted: 6 Apr 2017

Key words:

1. Mesenchymal Stromal
Cells

2. Liver Extracts

3. Hepatocytes

4. Wharton Jelly


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-08 ]

[ DOI: 10.18869/acadpub.shefa.5.2.51.1 ]

C"./. WA Lo g oo a9 oflods qooniy )9

O Jokw 8 )las gl BU oy (9 )lg A (ool o (0l s ok 50 G Lo SOl Ly
o9

“_gélgT Gl 3})7“)5.3:‘5& dobd f’""“"sa..}.ﬁ: ‘silh).g Y
Ol e eVl s Lo i laas! pole liions 35,0

Al e ol S pde olails Sy ouSiils ¢ sogilil 0,57

i wledb!

\Yar LJ"O)5)5 VY :"’J)J;\g" é’)u 1Y40 él&ﬂ*!hﬂéb)o @)l}

OS>

r s
. "

aj el oal a8 5 O jg0 ola W AS Woen £l 5o el milin 0 S oy (6l capadD
4 &8l pwaige 5 Sloys Jobo 5o Wilgi oo oS Sl (g0l laJshes 5l ogammel aie SG (3585
b s ogly 3 5l ead i ceniilie (3l slashe LT 45 023,S (cuy p anlllae ol 5o 09,
D) 9 3190 .ol ples oS slaJsbe 4 Goge &S Joko 5l )l 8)las jpa> 0 aily
Slas jgax 0 O piden vul lawgs by Jolo ool las BU o 5l ceniilie g0l sl Jolos
(el ) Sliss 5 pled (b)) jshiieds ol 33585 55, VY S (g w5 Jobo 5l s)le
Pt o pll S g 4l e sladsbe 6l V8 5 VA TS g Sl cerdgtanpsise]
L ya 55 oetilye ol sl gbu caipih ADAIBL oS aloxl PAS (5 5a S5, g, damgi 5 Shos
P OoPlS e Ole (oerbtanngigenl 05 Ty i (oald wix ladshe 4 oS Jske 5l ke 8 las
Loy a8l pla sla Joho 10 568005 (gilwo uzd ol Hlas 1) @l ples slaJokw ;0 Y 5 VA
E S aye Ll eSSy lis 1) 4l ples sla sk (53,Slee Canols PAS (55,01,
S Jsho a5 BU an g5l a5 caniiilie (g3l (SldJshes Lol s Wlgi o0 0 5lac )0 Se2g0 Jalge
: Wgd (59 ,Shes (S5

o3y s

ol sla ol )
Jlog p—ul

oS bylac Y

eawgila ¥

o s 3. F

L.S‘°'3‘B'> L.S"LQJ" o0 !J’.fuu.o OM’J *
borhanihm@gmail.com : Saig ySI! w407

|


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-08 ]

[ DOI: 10.18869/acadpub.shefa.5.2.51.1 ]

WP e Jsl daond 0 0)lauds ety 099

= & -
g—_".&.'hs_}J=: s‘—-‘—m

5 o9ST og—is oo ploul glite Lo iy, am jmles
oo ool wl I8 ol sloul cpe  —alie sl s,

Jsb—w &wa JLaul :Cloning Nuclear Transfer.\

oo L5 Md T & 45 gl 4 P Seilag—

ol Jolo L Sibog—ws Jolows pleol :Cell Fusion.Y
aS Moyt el Sl e 1) (Il (b wir

(F) o,ls 5g—>4 QT 3 Jolw 90 2 ol
L5 Lo o> 5l eolax .l :Gene Transfection.Y

Selog sl Jolow 4 ;i 3550 Loy JLinl cgx

2 Lo L sl Jolw S o :Co-Culture.¥
Sleg—w slo Jobw a5 05 o o|_>u| ly shl—i
(A Qg lod by oo ses algs o

() sk sloo,lac 5l oolaiul Cell Extract .0

5 lac jloolai L L ogy ool o oo G oyl 4o
Sl et sl )8 5 Loy ssbo 45 aS
ol ladsbow 4 o (og—ed adlol g ol sl 8
L a5 B oy 95l a5 5l oad gl il ol
ot 0 1515 L5516 oyl 4y iy il S

oS 3mleie (g0 S b Jolw a1y b ol
L gy g9 lge
WIMSCs g/ ysim! -

Ao g s PBS L 1 oo adgie o3l olye 5 Bl o
Bl oo Slshd b ou p (6 e gilaw < /0 Slskad
Jitie (8t g8l Vo sy Sy ety S8 L
e bz By b S an olabd oS )15l ey
g05,5 adloll) (0mo,0 V) FBS g9l "MEM-0 ceiS
S5 il Ay TV (slas L gl oy i 5,
39) T 2 S e () jgal) ws S Jdiie
VLY. g0 > o jlamgoni o e LS

Sl a5 o Pl s sotilye Sla ol 35,
A0S

' Adult stem cell

2 Mesenchymal stem cells

3 Wharton’s jelly mesenchymal stem cells
4 Transdifferentiation

5 Somatic cell

dodlo

oo | i (Sl cslog obojlw slalel ulwl
95 slas b 4 Mo Ldos ol jo 85 9do
it ) S A gy 2l o
sl )b ez )1_._,_‘, ohlow = (Sleys slosol,
oS ol ailiwlie Ll il o g0S o> Ly pojo
T SIVIN U WIS ] IO S Wi S i K V- - B PR
hanS ol 2l Jee sla Sauzmn g 00 S
g L egian glaaS ol aslw sga e 5
Ol gl ym 0 C)—""" sloow! 3l guS sl Jolow
mbed el g ol sladsl (55513 059 el
=t Olg—edr wlgi oo &l sla sl glgl ay L]
oS sl ol g sl a0 )9 s sLaan S
—iliSee gle il gla Jow jo 0l a8 5 Ly o
=S ool ol S g3l laJolw

) cwlazs 5138 solaiwl 5,5

wies g3l sladsl ' il ol sl sl
il e 55 ge oy slacl slai o L& 4
Ole—eds 5wl TMSCs)  cow—iilie sols slo Jol
Oml 958 S (o0 wgzme bl 55 (ml 5 (555 095
(s Sl il e i lacdly o la sl
Sglate limm a5 el anle (S5 0y (95 ,l9 4T
Gl S 5 (V) et oo wdly Lacsl nL . o
L s Lapl (o Sijgias MSCs 050 j0 ol >
(1) aBlon Glaiee 5o (ol GiSTy (5 eSSl
gl goeiilie sladsl e ol 4z s 059l
310 o "(WIMSCs) BLs o 55 lg aJ5 5l oo
a8 50 ol 4 ce—d sl (ol slalie ale
by Bl e sy et ol sl ) ]
o) Lal Bl sy (09— (o fwd 53 4y o0 S (o
bl Sl =) 090 Jg—ame ‘-?—’ Sloan o, S
Sl 00 59 5 eozld 2 Ol Al by, 9 e
Syl sy ol 95— )3 (I Sla SIS ol ple
03l (Fie GA.»_....:‘JA sl ol 5l )_:@L.\.,.:‘ WIMSCs
DS sed sl @l g sl e ol Lacdl plw
4o okl e by (b WIMSCs sla sl
gzl mled ki g o0 jmolete guS (sla 5l
=9 4 Jmos Jelw 95 S0 ol cemge 4 as el

¢ Hybrid

7 Liver extract

8 Sterptolysin

® Minimum essential medium eagle alpha


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html

WA Lo Jsl Ao (98 olauds ooxty 099

[ Downloaded from shefayekhatam.ir on 2025-12-08 ]

[ DOI: 10.18869/acadpub.shefa.5.2.51.1 ]

“0 Z d
&
GRS ygoiT-0

RRU R U YV U HEVON 2 JOUPP S U W ST P |
Poaze 65,40l g9, 5l S8 WIMSC Jolw sl
Jmaie Yol lS jemas 40 el o] 25,5 o plo!
Ll gdls o LS Ve v e gSge (59 Ly VFITC oy
J—ao ol Sy do Jolw Ja—o! O?—").] Q—.’.‘ S 0l
Lol jo aioged &bl 0 1O (psdan 2wl g FITC as
v—&-"‘*—fd—“)gs")—"‘-"‘—’d)b—""‘—&’u—")—“
pS$L AT O Gusedsn sl Sl (g, 803585 (9]
Sl Slorgis See it a8 F 5 1 5o 5 nd e
6)LAO_3)Q LHS‘ Oy g—ods A_QJJ NG uJ_AMstj_w
Slas o ools 8ol F v d o> 0 YV glas Ly
Gob> sl Y el 4 b Jolw cad 8o 8 cidS
AoVl lbioraS b =g Jatoo, 5 | oY

Ao ooy 18018 il d s 0 YV slos L 550l
sl g9, 5l S oo L) ol S 5oy
et (b)) il ol CogSng e L gl 5 4l

=2l 9 WIMSCs glagl—w (j0g—05 y— 43945 -7
G 8)lmac bwgi b Jolow =

s L ol e 0S5 Lac ol plodil Oy 59 il
Gla b g, 5 MNeslSea s ol MATP g5l
TANTP 4" 5lSga b 51,5 ATP " (GTP) oy 9le5
S 4 b Jolw o 4 8Ll WIMSCs sla Jol s ay

(O9,lg a5 canmiilie sla Jslow any by LS (yog—es ablol b6 —) Jgu—sr
o s 5la S sty 3 5 nglngls oLl g

sy e i
1"\ Petcp (Perdinin chlovophyl proten complex) / PE (Phycoervthrin) /FITC|  CD34: CD44: CD 103
Y BE/FITC CD144-CD106
. i D#
1 PE CD106
8 Pacp CD103
F fITC D%
Y FITC /PE CD105-CD 44
A Percp / FITC CD4H-CD103
I q ) Percp' PE CD34.CD103
&

19 Hanks’ balanced salt solution
I Dithiothreitol

12 Bradford

13 Optical density

!4 Permeabilization assay

15 Reprogramming

16 Dextran

T (s LS (w0 St (5 o gis Lwald Y
09— 319 4 (coumiiil 3o (s J gl

o5 S s 5 gLl sLaaly) o L o
Jobow Oe e e bwgle joban ady) ;o 3 a S wa s
ek s il slasol T s asls 41,5 WIMSCs
a3Lal (s yegulwsld slodlg) 5l S o 4V Jooar
Vol il o s 53,5 oS g i S
o g 9 a8lol Lol a4 iBo V0 Soe 4 ooy

Db ool JLaml (g yeginlwgld ol wo 4 Ladiges

oS 8 ylac (40591 caws a3 ¥

a—0,0 Y FBS g5l "HBSS Jgl>o , 2 Lo &l
3 9= G5 CSTBLIO oI35 g oz s (959 4
oals BIS (jo3 g G Sl jdao a S >
Y FBS g9l HBSS Jsdoxo i Joo ' s 09 00l
Jodee ,od Lo O g 00,0 /) collagenase IV g oo,

ey 4 do 0 +/V EDTA g as 0 Y FBS (g4l> HBSS
PRURA KU PR S N RN YRS N UPTIR W 5 S

A OS  Ad ie wo )0 ) e anlogi il /
1S S Sl o o SsS y lLal
ml oS Slalad ay o ools il 0w PBS Lo gl
YV glod jo a8 Gy Suo 4 Trypsin/ EDTA'Y
PBS vy 8l lsdad od adlal of 5 ol 4> o
Wl it Ol S S S an g gdnet o
dazmie Lol acs sl aole (59,08 J Lacsigl,S
Ve e A g 58 Uy g Slpsions g sbig
Ao e il w ol S il d >0 F gles joaads
499 L g a8lsl "DTT (g4l Lysis buffer |ol> oy,
ol gilwd o ¥ glos vaisdo Ve Do sayAee g
«d—o,0 +/\ Protease Inhibitor ssl_> Lysis buffer.ca_i
©S9,y 480 FO oo 4 ol ygiliwgu o 4 3L
ol YO L L Y Ladiged .o ools 1,3 Jlosy 10 sy
L ygeailiwgas 5 008 CuSigaw a4l FO 5B -/
ol ilwda>0f pa a8 V0 Do say V0 rg g
Snap Freeze oo 4318 53 gy Jodome ol §euay il
A2y A gles jo gam Bolaiul (gl e g 0

U NS SR X g

ojlas ;0 99290 (udigy oyl jue (5 S0l -F

o y980lp g, 5l s95 = ejlas b ogd il e
l_j )ij.&a_w‘ oo R.L_..)a A Ly — i eolaiwl
A3 (el TOD e 2l 03 £5s Jpbo

17 Fluorescein isothiocyanate

18 Adenosine triphosphate (ATP) regenerating system
19 Phosphocreatine

20 Guanosine triphosphate

2! Creatine phosphokinase

22 Deoxynucleotide

|~


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-08 |

[ DOI: 10.18869/acadpub.shefa.5.2.51.1 ]

WP e Jsl daond 0 0)lauds ety 099

= s
(G g =2 Y [

ey Aty g tilye slaJsl e S oL
sl 5 (CD34) jluis>  sladob  la, Sl
Ao 0 VIVA b a5 05 s 1, (CD144) JL L gl
b, Sl Lo (Jls cpl b S lw oo o YIYY
o=l e a9 asls STy CD44 4 CD106 £CD105
APIVE 5 oo, SYIFY o 0 AVIF e 4 |y b S0l

O loged) 0o S o sy

a 0 16, AT.67% 039, L78% DA, 76.95%
10 m

@ A 014, 338

s

a t L

&~

Ay 5l e o ilie ol sla sl (x5l Silis Gl =) Hlogmmos

o, Sl Ll s, S Ly 1, CD106 4 CD105 « CD44 slo Sl Lo Jol s . y55 g
W Gl eS jlms 30 4 CD34, CD144

S 59=231 9 y9=0 ! 3l colimw!l Lo g

2 5250 g cbale ol Sz g
o595 Ol 5 plasil o al plodil oS 6, Lac
°)9T)—.’ e 0 59,50 VO s o)lac ;0 03 >90

WS §ylas 091 (o 905] S

59 Ltoo] WIMSCs slo Jolows aus 0,liac 0a—ai aslaol Ly
5 o=l sy pass Lo S ol jmolie (6
"\—’J:fns" )‘)J o)l_.a.c )\) 05_79.4' kssLo..}Lm (_guw.bj).s
sl LQJ51_»J - IRCERAY u‘)_s‘ Sl u_io.a \)‘9_& u_t‘
LQL..’jfo )Lero,]a_ws.' l_mﬂ,.’).o‘ u_sl..\_.}),m .A.._wla
a og_o.n.‘t )5_la a A.A_..u‘ u_io.a (Y AJHGA )Le(c
£ 5 J=3 (gl ol sl ol sl
L.D ) 09_...: gr’l'l))l O)LAAC u...:;._w U‘)_“'A ‘w_sLo)‘
3 aS Gloasy la Jolow ooy a5 olo lid o byls 3
09)_? 30 9 Yoy Y#IY \.\_;\)5." 4_._9; )‘)J o)l_.a.c u)jbbo
D9 do o ¥y J)_...S

S Sos 31 ylabl (g 5ty 3985 (g3

L O cpiden il o, Slae 31 sl 6l 9ol ()]
2 Periodic acid—schiff
% Hydrogen peroxide
%5 3,3’-diaminobenzidine

S8 ol S (Bl Az 2 YV sl Ly 555LsSSl (45,5 55, )
ok s S Lo ey Aol ol )0 5 o ool

B35 o8 Agn S e
a8l plod glaghw o,5dos oy -V

sl ol sl gl o (g0, Slas R
2 5SelS i Ls o b sloxil "PAS (65l S,
D4 oy p ool

1S g oS b L (L (s 2 A
Ol S y—ouly 9y bmuwgi 13 9 VA

WAl eS8 deoye Fassalle 8L lawgs o gl ol
Yo Sae dn o, /Y TTH0, Jedoe (S6,6 50 e
slagob ol o eols ), 8o Jobw (59, oo 4580
Ve SasdandowVe jupewh ug —olas! o
VA o551, gt 4 Lsél_g(su‘ W, S adds
Lo ol (55, 4235 F0 S 4 V4 il S g
a_, super enhancer envision g 3! L 43,5 4 8L
3o o b ool ) 3 b ol (g5, o 4280 V0 Baw
SS label envision: polymer HRP &, 5 (g0l 51 )l
ool o s asn, b dw (g, aido Ve oo 4
GipmesS L5 00,5 435l sl 4y |, “DAB 5 Lns
e 53 1) (555 g r0uiS il o 3T SaS L
Doles slsyl —er ) Jate ol sl a4 5- o3l

aassly
WJIMSCs 6LbJ5.Lw @»Lmuau) oy

MJQIQJPM_MS‘)j)\ éad)wudf‘w_t

U ot olakas Gl Ll 51 s uua._wu_.,,go.\:_ms JSs

(¥ jmsad) 0o adile>

SLJ gl (b s SOl ey (o 3

WJIMSCs

S ragilosls ol s cla, SIS oy 5 latens


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html

WA Lo Jsl Ao (98 olauds ooxty 099

[ Downloaded from shefayekhatam.ir on 2025-12-08 |

[ DOI: 10.18869/acadpub.shefa.5.2.51.1 ]

(orbgimgiger] Ay 4 WIMSCs (sla Jslo )3 505 slo SLts ol - ¥y g
S 09,5 A comnd a8l uled o Jslow 51 6 YL as o o lac a8l o 5l o
an,S Bl VA g VA sl S

o ylmac ©bl o 5l oy WIMSCs gl Jgdew ;0 PAS
0 5958 poly lsd g,  SPAS S | S5
le.bbbl_m 05; as ols UL..M; W oolarwl ng_..u o 03—
asols iaSTePAS L asods (b o )liac s0uS sl o
ol gy i 5658 8, S8 ba s lasas

WIMSCs sl Jslos 10 PAS (550l S5y baasg ()56 SlS 3o )y =0 i guadd
A S (§ it al Ly ojlae Ly al 3o led sl Jolow o,lae bl o 5l asy

asols iSTs PAS Ly S 09,5

S5 AT g Sy

sladslos 0y 5o 3l slaiesh 3 sl 5o
plosl e lizes slas low loo,o 4o Ol o5 g ol
Olgiw] e s man b jlas Slocwload
oe—dlie g3l sladsbw aie (— Ste Sl
sloacsl 5l g b 5l Lol el oo a 8,5 ) a5 o
030 5 zl il cen—iilie ol Jokeuw i K0
Dib oo BLS o ely ady Lagl 5l o as el
Sl ls—ear G9—)ly 4y (or—dlie sl Sl
bl Lag b 5l )b olsyo Gl iSuns
Elol am 00,8 oled sl slyls WIMSCs o5, o
(V) gl oS 0 gr sl Jolw o ile by Jol
O—izza 5 (8 o Jol—w o (V) (e sloJol—ws
OF) ai bl oo a5 4l sl ol

OlyiaSs 0l pLosl FITC a4 Jmaie o Sy S
Slasl lawgie a s a & (glojlaSI FITC a o
39,5 yg—e ;O &S M0 0jlac ;0 spge Loy
isdeis ) s Jsb 3 4 FITC oy bt o5
otelas HlaSen O iy sl lawgs T sLsé (0,5
o = oslmas )3 02se lann 4 S Wb
) dabr s s ol g s i
sk p Sl AT bl ols (L 53l
clie Jolow il (53,5 233985 612 O G jdsy ]
Ol eSS il j5ld oSy S Ly (s 2 53 -]
L et iy lasn o FITC s s

(Y ymgad) 0b ool i O 5deiy il

§ FITC ay Jaite o S's o8l yo 5l aey (95 )lg ads souiilie Jolow =¥y guai
BLISTE LW FITCA,.J_A:.QQIJ';_,.?: Sbled e slaails O g il
Iy b wa 45 S W DAPI a4y by o (ol Sy g cnl ouds Sl 0)l5 (6, 0u354

A o0 S,

G)L—.«G.C Hb)& )‘ [€ S—] WJIMSCs

Al 9 oA.._..MS WIMSCs 6L®J5Lw kfh"'b ol L
g0 goab ooy CiiS pgate B, b s seniilie
ooly bl ) s wial ools 30 lac o ,ae
DS oy b ;i (g vz sladglw g0 4 g

SLJ gk j0 oS (b Ll s (o g
3 Sy (il gt 93 90 | Ay 4y WIMSCs
0)'—-00-9 C«—élﬁ)&

doslos Cbigiym 555 ym 0)luas B o)) sytaiess
Sy, Lol 59, 45 pladsb (9,0 o—F9n ¥ ol
S50 g 08 ploul saoxe (65 jael g jled s
S g el LagnSs ol o855 )5 (L)
GITANY £ Y s asy S 0,8 45 5og 12 5 VA
ob)J UL“’ ‘) V4 9 YA w.";}..._u LQJBl_»J/‘Vf\N + \
S g il 5oles (sl sl TAYIE £ VIV ooy,
sl sla sl OVIY £ ¥ o ag 00, S ol |, VA

(f )_'5..44) A_':oy oé)j ul_u |) 4 u.u‘;ﬁ—u_»d d_dl)

‘5}_5.01&) bwgd u)g_fv.b‘ e ¢y o )y

|-


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-08 ]

[ DOI: 10.18869/acadpub.shefa.5.2.51.1 ]

WP e Jsl daond 0 0)lauds ety 099

= & -
v_a.u.hsj_; gt__‘L_Q_q

oS A b Jol S 4 3l sla ol
oS golw 3l golass gl ez b lac o colaiul
ol sladob 7=led sl s)9—2 sloacnS3S
5 lac (YY) oil o g0 4t sla Jolw oo 4y
St 039 i 635 Jalt (Jylm 239) Jol
Oldise 5l B el 2L bl pls gle Slis Ly
hsle ojluas (oo yo 1) 0l ;03585 sla Jolw
slo sl 5alad o IS ol 5 ol 1,5 ol
ol oo a8l 3 oles sl ok o ay g0l
5 lac 5l sola ol Lo s il oIS e g ol wsS
| otz ol sty sl Iyl el sl Syl

(VY 0SS 5o laie Cowguogo 5 sl Jolw 4y

sl Jolw a5 ol oyl Lo oloioles! 5l J—ol> =l
59 900 ;deded 48 (alSin (y95)ly 4t penilie
sladol & pled (Ul 00,25 )58 0S8 jlae (o)
Gl gy aseis il o o 1) su S g0, Slas
O3=ly 45 (en—ilie slaolw pdhgiw 55 05
Gl g il (8L J—do a ailes e Bl o
W2l Lol Gl ey g 3 o)l ;0 352
Lot oyme 8 b Jsbs 55 3 (sl kil |
Sl 039 (Yol L )& ;183 3550 (sla LS (o)
a8 Al oles slaelw ol e (g, YY)
09— (60, Sas Bamd ylid 45 0og (eSS 5,

AVF) el il 5l sla sl o]

Aty con—iilie sl ol a5 ols i asfllas
A joled Job o,lae loolaiwl Ly Bl oo s )lg
3leolawl Sl an dzgi L g ditis (g5 sl Jolw
—oltie ol ) 8lan 05 asgn Codild 4 S sus of 8l oS
9 by Jobow S yid 2B 5 cnlie (0
PEiles] Slallls cga Cowgila slo sl o g
Trans differentiation L, oS | olSS (gq, ,— ladsw g

S, S ool wl

1. Guettier C. Which stem cells for adult liver? Ann
Pathol. 2005; 25(1): 33-44.

2. Klingemann H, Matzilevich D, Marchand J.
Mesenchymal stem cells-sources and clinical applications.
Transfus Med Hemother. 2008; 35(4): 272-7.

3. Salem HK, Thiemermann C. Mesenchymal stromal
cells: current understanding and clinical status. Stem
Cells. 2010; 28(3): 585-96.

4. Wells WA. Is transdifferentiation in trouble? J Cell

26 Trans differentiation
27 Autologous

1]
]

B o ewiilie sla ol zl 3wl Ll i,
Jmow cols (VYY) b Jolow ol oYL 0S5 lles
sladsla 95 = olae S Gdls 5 (ol i
S o S wiles o Ir} Vitro la_owe o ’od._.w S, T
u_.)‘)_; Os)L—C (\f) J._J‘ A.AL_«.MD- ao U)ﬁ'—” LgL_bJu}.u 6‘)"
algs o L WIMSC a5 aslosls s b olsllas
Jome 30 1) 6uaS 59 e 5 0t Sgge | S 0, Sles
slacoie (10) s ials oS el b Sl
b, Gl e 5 Lok (ol (sl 00l 153
Slaoails | LanT (V) o Jgbow ol gy (oS ddsl
6LBL§)LM ‘é_:l.c)) J}J._‘u 3o oolar__ul 6‘)'_’ ‘é_\_.wl.;..a
eor—iilie sl Jol—w mled o LB oSl T e 0 S
b bwgi S8 gaS 4t ladslw 4 5,15 a3

OY YA cwl ool ools )lis laseisls

o=l =l Gl sl slaSSen 5 L,
&3 Shos 05 4B sla ol 4 ool sla sl
ceom—dlie sl Jolw Jloto gl (VA YA) o)ls 59 >4
Sl )eSl golo ciS laome (yae 048 (95 )l5 adj
@GS At slaJolw 4 W ools 18 b 0,
00,5 asdlal as crwl ool ool i ((VA) ozl les
Ll o ceiS aoe a (Jolow 08B) Jolw §,Lac
S Sl B 0 09 S e g3l sla sl o sles
a ol g oo o a el loo e ol 5 les
S5 ol sle Kl 50,5 S s sazme pad s
(V) 09— oo bl oo sle SLis oloyl 5 b ol
Job SBgip Slosse s, Ol Sl esliul Ly o3y 5o
gl ol sl Ts3s— sladsl g ools ;s |,

YY) dg—od aJgi Laslon 5l —alizee
sdal Cws a4 38 Slalllas jlas Sledlbl 3 b
Lo ol & ol i (sl ilisee (gL b, el
o o dols pleol in JUES] g, Lol 45 oo 552
g oo oy Iyl sl e 5l solitul taS
oolaiwl (goa e b o Jolwd)loac 3l 5ol
slac 4 S Aol ul—».») Ql)ls_@ 9 ML’):._;L ol 00

&l
Biol. 2002; 157(1): 15-8.

5. Wilmut I, Beaujean N, De Sousa P, Dinnyes A, King
T, Paterson L, et al. Somatic cell nuclear transfer. Nature.
2002; 419(6907): 583-7.

6. Matsumura H, Tada T. Cell fusion-mediated nuclear
reprogramming of somatic cells. Reprod Biomed
Online. 2008; 16(1): 51-6.

7. Park TH, Zhao R, West JA, Yabuuchi A, Huo H,
Ince TA, et al. Reprogramming of human somatic cells
8 Shin

» Gaustad


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html

WA Lo Jsl Ao (98 olauds ooxty 099

[ Downloaded from shefayekhatam.ir on 2025-12-08 |

[ DOI: 10.18869/acadpub.shefa.5.2.51.1 ]

“0 ol
M
to pluripotency with defined factors. Nature. 2007,
451(7175): 141-6.

8. Burguera EF, Bitar M, Bruinink A. Novel in vitro co-
culture methodology to investigate heterotypic cell-cell
interactions. Eur Cell Mater. 2010; 19: 166-79.

9. Collas P, Taranger CK. Epigenetic reprogramming of
nuclei using cell extracts. Stem Cell Rev. 2006; 2(4):
309-17.

10. Chao KC, Chao KF, FuYS, Liu SH. Islet-like clusters
derived from mesenchymal stem cells in Wharton’s
Jelly of the human umbilical cord for transplantation to
control type | diabetes. PLoS One. 2008; 3(1): el451.
doi: 10.1371/journal.pone.0001451.

11. Mitchell KE, Weiss ML, Mitchell BM, Martin P,
Davis D, Morales L, et al. Matrix cells from Wharton’s
jelly form neurons and glia. Stem Cells. 2003; 21(1):
50-60.

12. Borhani-Haghighi M, Talaei-Khozani T, Ayatollahi
M, Vojdani Z. Wharton’s jelly-derived mesenchymal
stem cells can differentiate into hepatocyte-like cells
by HepG2 cell line extract. Iranian Journal of Medical
Sciences. 2015; 40(2): 143-51.

13. Anzalone R, Iacono ML, Corrao S, Magno F, Loria
T, Cappello F, et al. New emerging potentials for human
Wharton’s jelly mesenchymal stem cells: immunological
features and hepatocyte-like differentiative capacity.
Stem Cells Dev. 2010; 19(4): 423-38.

14. Weiss ML, Anderson C, Medicetty S, Seshareddy
KB, Weiss RJ, Vander Werff I, et al. Immune properties
of human umbilical cord wharton’s jelly-derived cells.
Stem Cells. 2008; 26(11): 2865-74.

15. Yan Y, Xu W, Qian H, Si Y, Zhu W, Cao H, et al.
Mesenchymal stem cells from human umbilical cords
ameliorate mouse hepatic injury in vivo. Liver Int.
2009; 29(3): 356-65.

16. Zhang S, Chen L, Liu T, Zhang B, Xiang D ,Wang Z,
et al. Human umbilical cord matrix stem cells efficiently
rescue acute liver failure through paracrine effects
rather than hepatic differentiation. Tissue Eng Part A.
2012; 18(13-14): 1352-64.

17. Zhao Q, Ren H, Li X, Chen Z, Zhang X, Gong
W, et al. Differentiation of human umbilical cord
mesenchymal stromal cells into low immunogenic
hepatocyte-like cells. Cytotherapy. 2009; 11(4): 414-26.

18. Talaei-Khozani T, Borhani-Haghighi M, Ayatollahi
M, Vojdani Z. An in vitro model for hepatocyte-like
cell differentiation from Wharton’s jelly derived-
mesenchymal stem cells by cell-base aggregates.
Gastroenterology and Hepatology from Bed to Bench.
2015; 8(3): 188.

19. Ayatollahi M, Soleimani M, Tabei SZ, Salmani MK.
Hepatogenic differentiation of mesenchymal stem cells
induced by insulin like growth factor-I. World J Stem
Cells. 2011; 3(12): 113-21.

20. Hochedlinger K, Jaenisch R. Nuclear reprogramming
and pluripotency. Nature. 2006; 441 (7097): 1061-7.

21. Gurdon JB, Melton DA. Nuclear reprogramming in
cells. Science. 2008; 322(5909): 1811-5.

22. Shin K, Lee H, Jung J, Cha D, Kim G. Culture and
in vitro hepatogenic differentiation of placenta-derived
stem cells, using placental extract as an alternative to
serum. Cell Prolif. 2010; 43(5): 435-44.

23. Gaustad KG, Boquest AC, Anderson BE, Gerdes
AM, Collas P. Differentiation of human adipose tissue
stem cells using extracts of rat cardiomyocytes. Biochem
Biophys Res Commun. 2004; 314(2): 420-7.

24. Yamada T, Yoshikawa M, Kanda S, Kato Y, Nakajima
Y, Ishizaka S, et al. In vitro differentiation of embryonic
stem cells into hepatocyte-like cells identified by
cellular uptake of indocyanine green. Stem Cells. 2002;
20(2): 146-54.


http://dx.doi.org/10.18869/acadpub.shefa.5.2.S1.1
http://shefayekhatam.ir/article-1-1356-en.html
http://www.tcpdf.org

