[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

osre dlis 19T 5049 slodadon £ o las VA & 50 VP 5 5 g5 (S posle oIS o it 5 oSty tlas I l ”V”

oo Wlio iipuSly Mg p3 Lol L g dr g2 (15 1 (O S Jgbw Cuodl § My

WA/ Y 1T ATRAEYE G h WA s \FAAN /S s 04&

O s a5 5550 o)l san sl i Loy 2 53 Pl Je G Olgea OB, sl W e
S5 5 2555055 e oo pa 53 Gl 48 dies Slad sl B Ul ol slad P ol 03
35l ps 3 OBAS 5 4 S ol Shiswers bodnes ol e 55 oo sdsly 4 an a4 045 S
e 3l UnraSls 5 S 55 s 3 o1l U5 Sl om 5581 S Ol s a8l i) (55
Sld s S slassls SaSany dln s s =I5 Slm foaes S osliiad Glacyssiome 4 a5 Ll
ol gl b als 5 Sladl gla STy Sl el sl o) oobde 53 A 5 tekae gla g5 4 plaas Ol (el
RE{pNEIVIECRNST) QPP s poo 5= 5l L sl Sl s e ol slad s 2l
OB A5 5 s S0 (55 slacs s s sl ol e s i Dlalllas (gl s peibie Jibo Lad 5l
Sl 015 lad e ) (6,5 e Olsoany L 0155 (3l lad sl O 20538 it iy 15
e )l 5 08U s 5 STy 5 sl i (ol 5 st L eduls A a4 WS e 5 sls 515 sn
S slaes, a4 oy Ol g s oy 55 4 s 015 ool slad she (VL (sl 5 3 55l Aizes
Sz Sledd Grde 2y b S slaes; 51 2l 5 ea g 2o (S35 las ) Saus Sl sl dy 2SS
o e Ol el Grle Jshe Slaesy el aslllas 5o 5 e el STy A5 sl 035 Sl sole

..)u'):fda))é o s ey SSly a4l Gl el gl Olea

sbdsle il Ji..b) C\)\.a\ Sl (g b slad s (o 3k sbds isals olls

e Sty «nS 55 S (W Ol5 ol

Nl =

Y _« QK}A

sl ol o) b iliieT S 0 )
Ol e sl gl sl Sy
oSl iprle ol ( iliay s 0g,5-F

Ol o5 cpgiadld ST

Ol o8 bk Gl id s °-*3‘~1)5*
onld gl (S5 e le oS00 HllS
BRI CHY
E-mail:
maryamfarzaneh2013@yahoo.com

e o aly Oleags aw o Slinie w Bl a8l b sbdsle o) odl @S0l Sl S cl Jle g0 5l S

3l sladshe g0l 31 Xyls 1y (r):}.bl PRSI ‘p:):S!) 5! (Mouse embryonic stem cells, mESCs) 30 o (g3l

Jlisa “J‘.,u,;d,a o4l (Pluripotent stem cells) ol » 05,5 93 Jansi 0s, £/0 BY/0 Sge i S il Sl ey
a S sl 45 ESCs glad e A5 ey 5o mi W iass S jsbas (NLKes 5 Martin ooees Kaufman [Evans
O ool sl ololir b aasly 5o SLESIR & Ol5 S e 69y e sadshe Oslssl 3L ol 5,08

Sl i (ol gl W5 deol op ege 5 Lsley 3l MESCs (glad s 03 4 s 47 (38 50 o diSapdis 4 5 p v (55>

Jlo 3 il Kes 5 Thomson L5 (Human ESCs, hESCs) sladsdo 3l ol 4 0ad Jas SUlss Lad s ol ™hias

Tehran Univ Med J (TUMJ) 2020 July;78(4):189-96

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-10532-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

olKas 5 Gl s s 4.

Ol Il (Meroblastic cleavage) s s o0 rl;,;;l ke 9 asl
s O Jlisas 5 35 0 plnil (53508 by ool 2 L
ool JSE5 5 0Ad Yt e 5 25l el B
Y 5 dshe oaldl @ rles b dapn o) s s S
5 gl 5> (Epiblast) cwdl ol ¥ 53 05 4l 4 oo
ol o g 25b e S nnS S 53 (Hypoblast) =Sl s
S wr Ll s 3454 (Blastocoel) szl glas Y s
(Blastodise) Sews sl ;8 o O3 63,5 5 3l a5
3 om 23 3 S glad g sd e edel SO Glamio i L
(Subgerminal space) (sladks 3 slad o,ls 555 0,5 YU
S om ol Yo ssie o gl gz s Tossd e el
“l Jole 5 Lles ol o) 5 pSesS Glme 053 W
b Slesged BT 5168 Jlie cpl S o b 0T 3 1 5SS
O35 2ulS 20T 3 5 (Primitive streak) o) Lo L2551 i
a> 0 V¢ 4 V4V JLe ;s Kochav  Eyal-Giladi Law 55 L34 o0
L 5 ool BGEK 1o Jlais] | sbay & B4 ks (30513
G e Vit e ISP (XIV BT ol ) ey slts]
Gl b 5 ol (8055 51 ey e 0 B e S i (250
F Ml s s e e 81 4 35500 i il
EG&K oisoms 2y 2 M5 o (510800 (816 S Jol o)
3l I3 i Xl e 55w i (S Oleg s
5 (Area opaca) o5 4iaw (Area pellucida) Gl adaw |ols
‘”'J*“..upda (Marginal zone) (¢lacil> a>U
Slze 53 adshe jsam Oy 53 Joho 4t = 035 o6 S
o > dsle eled L I E s o Vel i SGess
S el Jds eene s 058 S S A e l b
5005 e Jols s ol 5l Jols gladshe Conex
badl Sl e gl ISKE s g e &8 ol Sle i
dalpd b sl gladge Sy, el DS oSl
LK T [ VPP R e LI I - W T P JE SN L ¥ P
Sl @O0 e 5 e 3 5 Slad sk 45 A als LS
ka1 S e Sl bl U5 (gslas Cad
et st ol S sl oS A e3ls OLE VAV L 55 (pioman

LTl el JSas GUls Obse e & Gy

31oL5 6l BSCs sladshe 8 lapunslSe 555 o Lil 1897
o3ly 3lask Sl 5 DNA e 5 Jshw a5 2 o5 (s
5 OS5 ool sladsle 5o s gl L S s
0556 Ols s sadsbe 4 aliws @l Yo olie S
OGS el s eslanal Jde 450l Olpeay il Ol
Lol 5l Job Ol sladsbe 5 dawa O8W,; dadds oyl
oz 1Nl 03,8 5wl Gl iy s s SKedkr 3
L Ulge 08K, ool adshe Sl eslial bz 5 b S5
Ol ol 3 Was 5, OuE edalie Gde Ale (63,04
Gl e SIS Ol o ol el Sl sslalir
Jyad plad 53 Jlsaddal § aess O3 i D3 Wl D3
oLl O35 b yoay Oy he 5 o I glad s VL slias (L
Bl e 35 g Ol e & plaes ¢l TS
@l ladshe 5 X (0SS do e s esnmdl sladshe
345 (Induced pluripotent stem cells, iPSCs) Wl olg
dole ool cals 080, o Jole a8 ol 5 sl
S Olgea bdshe al 5018 e 3ls Ol (i 0555 &)
Dot |y eSS il @B} 5 5,5 eslazul EX 0VO 4 5el
eon Ol adgle ol SaSa fuzan 05 Jlis b
Fo OB sl nsSS (b s 8 S0 5 sk Gl
OB W5 Gt AL bl Masd e oal b as s
polie lasly A5 5 oS S5 Glagdsn M5 sk 4 a5
(o 21 g5 b OT 0531 MLl S L olen
0> dde pl e LB A8 o sl o 3 3 se o
@S A bl s Sle s Sl lagasls A
RARANCI
- e W T S TRPRS NV SN CPV g BPH RV LIt
Sl p3Y g0l S A8 o (b ssle O ) SR 1) 5 (0T
el S s Ml Olas Sl i 02 55 6l o5 2 ol 5l
S e 4kds V0 ssu= O8N, o oW Tiasd ety
i s s (Oviduct) s Sass glzee 038 IS
R . da3 4 s, (Infundibulum) p 5l
ol sl L8 = s S N e SR S IBLIT{ Lo
ssba o5 ke Gl a5 Bl e Jdoa el s

198 6 149 LF o,las VA 0,90 199 i 5 hed i sl olCtils o iy ouSiils aleo


https://tumj.tums.ac.ir/article-1-10532-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

A STy wil55 0 Las T i 5 4o sa s soliis sladslw cuasl 5 155

o 45 5 S o )LIISTO 590 2Dl b o3, 5 fibroblast, CEF)
cESCs sladsle i85 5 iy Gy cwle lals sl
Gladsle bix gy 53 S Slads oyl s T8 e
LIF oSl i85 s bl a8l Lls s cESCs
A s 2l e b gl Sl s e el Olgse
Lols ol Sldllas 3l =, Tl a $ L 55 cESCs glad e
Skl Wlg e 8 e s Sl S5 S mle - &S
S Sl (lie 53 S Bie 1 sl ol 6y 55
ASU cESCs slad b Wi (sl o530 LIF Jole O35 Sl o
dadsle ) 3 Sl5 e B sl 1) e LIF 55y 5 Al
Gl o Lasiie 10553 T il e gos e LSl LS
S s $3Ilel, 4 3 SCF 4 IGF-1 bFGF A, sl 556 S
Coeal = cESCs ladge Jlsi, La- 55 Jse Jsho
b

(s 5 0Ll )5 BSCs slad sl alie cESCs slad shw
L,ls 3yl gl sis gt SUlss a8 daes glasls pled slad she
sl 1 i eduly @Y e @lKilesl e 53 WIS e s
5 ooy Y bl 3 bl 4 s gl o S
Lele ol g e 250 o el Lges 5 (S5 o
sdalie Jlor o 53 05558 5 0355 03 SIS ol e
(iS b js Wadde )l sdelCensay S s 5 55 e
P s e oSS |y aside 5 Olo adl- Lsde g all
sbdibe Sl gl e gladshe gbeis fol-
(Alkaline phosphatase, (¢3blins - JISIT Clled 4 <ol cBSCs
ALP b glls glaes S 35l5e 5 (ol L3 5 Aisls ALP)
ECMA-7 5 EMA-1 SSEA-1 _ior alm e o515 0551 ousin g
Ssn 5 @hsest Ceopat s L= TS L Ok
ERNI1 Nanog PouV o3l 5l 51 Octd s 55, sla, 556 Lau i
S0s Ok JFS 3 e S S apde JaS BRNT
S 5 D e v R 858 5 sl Glsa
B s

Shls o ol copls Li= (6l cESCs (slad ko
ool sl 5 LIF Gl 51 ey s VL (51,050 lles

4 Ll o dsle ol (Embryoid bodies, EBs)  so> 4

Tehran Univ Med J (TUMJ) 2020 July;78(4):189-96

http://tumj.tums.ac.ir

(sl Gladshe oluldr a5 min lacs iy
S S5 X Al gladshe 51 eslinal b dadly O Sia s
Slols layels (ibe adsl dpbe e e B lis £ (g5l
ol el TR 1 sty Y LSKEs LUl a5 aiS sl
e e ool gbdsle Mg lelix gl e
B s AL adl el wbs al>= e (Chicken ESCs, cESCs)
S Al Bl i Xl e sl ka6 2l
S Ll s ko 0 Cou STl SlSs ey
s Gsp sl gbagal ol (Ses LS S5 el
ARl Ll 531447 Jle 53 eBSCs (bad sha o3 i
gt Gldshe &S 5 se cpl 4 L B, LAS WS
(Barred "S1y Cogely 35U sl g 5l el 4SS '@,a o> 0l
(White leghorn "aéw 0,58 K" 4 plymouth rock, BPR)
5 KA I X s e 55 cpr Al £8 ioeas s chicken, WL)
(Mouse embryonic " 5 se Cowdls b uir adl" 55
Lo 5 Oluyadss sa¥ Olgea wls 5, fibroblast, MEF)
osls &.is (Fetal calf serum, FCS) .S o oS3l
Leukemia inhibitory factor i, (gla, S men .0
Insulin  Stem cell factor (SCF) dnterleukin-11 (IL-11) (LIF)
Basic fibroblast growth factors  like growth factor-1 (IGF-1)
o ade Ssly cools S 5 5SS ¢l (DFGF)
Slrazd) ool st gl S s Glol Lol ciS Lo
o3la Jlaly LS S5 4w B o o (s G 5o sz se Sk
Lods i Glub Y0) 55, VI b Ol sla s 5 L
sl JKs lag o0 g3 5l 4 CESCs slad sho Uiz
sade ol lagwa 700 5l i i blel 58 eulS
oS w55 534S LA b o5 S50, VY ) ey GRS
2 S L e S Sl edly AY S s ad sk
OBX, LIF 5 g gy 45 A3 o3y Ol ST slajtass,
Sapl e b TLAEL BB d e Sl g ol S8 6l Al e
plowil CESCs (slad sk (5510655 5 S (gl r (3daze slatules]
Ay Jelg s Oleyadns glaaY 5l aliss 615l 515 oo as S
MEF 4 015 o Oluyagdis gbaay o tege 51 .Conl sl oslanal

(Chicken embryonic 4>  sox 2edby b sladshe


https://tumj.tums.ac.ir/article-1-10532-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

ASan 5 L5 5 s QY

Pl (b e (eS0T was 3 4T B sy STy W5
bt s s ole OLiy 51 45 Emest William Goodpasture
Lyl s 53l oSty Ll &8 s cnle ol S e o
G oo U3 s Dl 03 i L s 33 Duk
el Bl slag e oS 5l 0L 55 A4S A5
Sl g L laanl Cudl S s s W s s 55 6l
laomSly 51 ilsn gl OF Jlisa tiley Sl w0 1530
Pddas e 5 M O Eesg ale b el danl ey
S S sbeasld Mg by s S placse sl
5 olre asl CLSJ g Sl oslial (A e edgs Sy
s o 4 3l Al (ool pe el Jlisay 5 plas g
sl amiys 51 sl Jlasl il A feass
Msbesl s VU Bl 4 3L 5§ e 5 U glaes sl
Jole Olpea Erap S PO U VGV Vi W VR P XGNP E
Ko O Rnss emmer 5 BES 2 (Fp 5 pesns W
G VAL e W 6l e S0l Jlisey 5 el
o 4 bl LB gl e Olas 1 ke Sl g e 5ol
G5 e XS Ol e O (gl sdome Lilg oS b3
Slaal b oBW s 3l el i Jolo loesy 4l 5 S pts
ot 3l b Jibe glaesy T S S 5l
ol AL STy A5 gl e Gl Ll e S
35 Bl Sl el Vb 6 20 ool 0558 Laes,
S o5 LS e i 1) 5 ol VL glallel b s
Sl s by Glpds (s s Bl 5o s Opd Azl s

i

el e Tl 0T a5 (VU e ol ey La s s
5 A S S g ) e ) i Sl laes, 51 sl
0 08 s 4 L 0Ky ey &S glaes) o ege
Sk 035 5 EBIA ol g i 5l Grie b ol
el Ol 3 Sl pled o Sl Gt glad sk <5 EBG6
SaiSls 5l s auls Wy Ol Laas, ol abaoly 4 3
o T a3 NGET LG 5 e S Y
s 5 oSl S s e laesy ool 51 S S
S o oslizal Laosl 2T alex 3l S 55 glaessslp e

03y ool daslsas 1) 2 b VL 5 o3y Vivalis oS,

od 4 hled badshe T L e slad sk
SO 4 by glacisis, 5l 6 mS Olpe 5 L)ls 05550
LS eSSy bsend 5  Glucose transporter 1 (GLUTI)
s sad e & i |, (Phosphofructokinase, PFK)
Hexokinase 1, ) \=3LS 588 slads Ol « blisys .S o Ol
sd s > (Glycogen synthase, GYS) ki’ SUS 5 HKI)
Ladshe cpl a5 ol o Solas sylge ool Pucl zi cESCs
S o Eals O3S A e s e & | SISOk
FIHF I e 0d ol ladshe S Gl s Gatie roes
(GOP) i 1= 558 0ad axilil 51 le 5 a8 o Jles |
L e s ol ) ol
pshe 3 CESCs ladshe saazs las )18 5 Llss 555 b
SRS pde 4 s 63b5 la Al Olames (53,58 5 4l
adsle ol de SV5b Lim 5 15 g ol 5158 gla by,
CiS b s gl glagel Ll Sla by RGN IR
Al bl s adls slags Sl ol o555 slad sb
S e S g oS 2iS lakaos plsil s e edis sl
Sdshe ol W5 53 1 25 fpn spie U apd e ATl
sl s oem Ay la, st 0

WY sl dadghe ol Jae Ady gl 5L s, sla gl

0

Tlas ges OLE Olg

A e b Jae B g sdeie SIS ply oS kiS4l
S el gy e Lo eslind (3b 3l asde ASE oS
U ek 41 gbaaY 5l Jols ekd b od oS clalae
5 S ASIgs DSt das Jold 5Ll 3 s e sla ke
Lo oadsl ls 5o edd w5 ool gladshe il pds
5 ssl bl Com & BJske oS = Jlad 5 VL slaslal
T g e DS Tl 04 ey o Sl Sy 0
Slads 53 Sl Je S Ol 08X, hhadk (o
ol el e DL e g sse eilsen (liier
o> SaSas &S shuyl Oboy s i e Sl 53 ssd 5 s
bl Bl e b Dbl (Rl e ladls
sl 5o OB, sl W 055 5l S a0 3L 5 2y el
O 53 s 8 Lais 1) 5 5550 38 A eslizud STy A

S b 5 el Sl i) st 5 0L o3 dle

198 6 149 LF o,las VA 0,90 199 i 5 hed i sl olCtils o iy ouSiils aleo


https://tumj.tums.ac.ir/article-1-10532-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

Ay STy wil55 0 Las T i 5 4o sa s soliis sladslw cuasl 5 155

5l Ll slay S e s 5 08N, sladshe
Slekily L iPSC A5 sl o ,n 100 1 PSC glad s
e SSE 6 L bk L sldS s WL
ol s Spagdeme ol ble nl 5 ol 8 Silas et
SFr s sLosSt S 0 ssd e Ol gadshe
Sogline S o 353 s ek g5 p s s S
5 onl 2B & e s es el Wb gl S gladshe b
IPSC lad b o358l 355 o B (g0l 2 5L pde ooman
g s s B Sl olbe e Olgea e
I s 5 0 Song
Uls 005 & A ol plaes) (Sl A5 Gl
(rsns 2l Sl 53 5l Doy 255 00w s s 550
Sl Pl e S Bl 551 55 0 2SS el
TS 5 o) s OBN Bl L ke slees,
on 3 s St Ol e gl JS cis Ll
AR Xl s B Sl woars LW as S 8
CEF alaz 5l 2l yed Jsbo laesy o Obge slad s
cadse QM7 QT-6 QT-35DF-1 QEF DEF DT95
fn Loe b Olae sladshe 5 565 Ske as glad sha (Sloss,
D3 orans BN S 5 Sady sskea Sl s Gl
oz 51 LS Sl A OBL L G s TS 1B L)
S b s b VL e IS s e sils S
Shedd rie Joke slaesy gl 1y 30sse by G
53 G s s S55 la s a5, BB LSl
Rl & ond Gimbe Olips 5 LI g s e 3 Shas
T L e Al e S
L bl bl S Obe G555 S s s g2
Gy Ol 53 ST STy a4 e s 2l L s
S oslinul S 53 358 Slasl dex 56 805 b 4 oS
a anly Ol Sl eds Gie Jho laes, b5 08w, o5
G e 33 A 0SS e s Kiags oS Sl s
23l SIS 53 Slens oKlr 5 Lles S Laim 1y s
CiS glalases 1 estizal U oojy el Y Llesls olanstl s sta
03, CiS 6l EX-CEll Bbx ciS Ls alax ) asiie

Tehran Univ Med J (TUMJ) 2020 July;78(4):189-96

http://tumj.tums.ac.ir

elresy el 53 glub o3, 53 pig sl VoS e 5 OF 5l Ll
ol Sl eslial b 5 el SIS (555 o0 OEW 5 Codlyy b Lia
T 0 a5 ST 5l s

Clel cESCs glad s &5 ool Ol 5l Sl oli 1S =,
s Sl oo SYsb glacis s 1, s Sl el
05 sladshe sdiSid i bie ol Gl fan P s
Jolb= 5 iPSCs sladshe A S 53 axg 3550 55 arpx
Sl g sad sl (Reprogramming) (g5 54eb 5 50 .,\..JJ,A
Ll oKl b j3 1y o5 5 25 LUlS 0 dzus

S0l 5k Jol= iPSC ladshe sl YoOY Lo s
IPSC sladshe Ay o0 W55 )l asbly anass lad e
Sl Sy 5t s Ul Jml b oosst o8,
¢ sy C-MYC 5 LIN28: NANOG, SOX2 POUSF1
el Minicircle - oees 3 w5 5 (et 532335
Sl ey sst Jlanl addles gl s WO ) a S
Mor s b Sladshe & s 0555 gt s Sl
(b3 5l ey kel (03 S g oias V) e Sl el
Soo Vs S 15 Al slaysSU s e (ol S L
@adaze o b5 sy stalie LB iPSC gle S 51y
Sl O S S5 Sy (Sl Sl ol
Sabsss flyl 4 s plad 5 s b plorl syl ¢ law
IPSC slad sl b o Cgplia 5 d s opl G250 Ol 5 ¢ Jshos
obant] (65l 5 M s e 0Lis ESCs glad ke L 1
53 U358 sam et oS (PAS) Cigd dewl Sy 5 ALP
35 5 Lgd e edalie St )l Ky 4 iPSC sla IS col Jshe
oo 5o TRA-1-81 5 TRA-1-60 SSEA4 I, sls S,b Ol
05 Ol 3 S bdske ool GV 5SS 015 prmes s
53 Al e el a5 Slalad gb eSS S Sk
sldse @ plea QU5 dade ool S5y QLo o
L ool glad e 4 5l Pax6 Tujl sbaos ol b )55
05 Ol b sy gladsbe 4 ple Vimentin O Ol
Dazl 5 Vasa o035 Olo b swir slad shw 44 553 5 Brachyury
ol a8 Slaanl b s, o e VT Ll ialis LG

03 odd b o goay LS o b (g5 ael 5 5L sl Ol kg


https://tumj.tums.ac.ir/article-1-10532-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

Farzaneh M., Hosseini M. \ag

&-\L‘ d\);j-i Lf‘)‘k'w LthabJ )}..a} &S Sl ol [ ¢Lhd}l.,;

Sghedss Slidss L;LMK.;{LA)'T 03 Sk 4 o

5 ol Cas 3 dshe ol YL S50 4 am s b ocepl sl

G e Sl a2l (S S5 glees sl B A g
sl = e pbiss dsa 5 ssd el adyle

.;ﬁﬂd;ﬂ\ﬁ 3 4o g0

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Martin GR. Isolation of a pluripotent cell line from early mouse
embryos cultured in medium conditioned by teratocarcinoma stem
cells. Proc Natl Acad Sci U S A 1981;78(12):7634-8.

Evans MJ, Kaufman MH. Establishment in culture of
pluripotential ~ cells ~ from  mouse  embryos.  Nature
1981;292(5819):154-6.

Evans M. Discovering pluripotency: 30 years of mouse embryonic
stem cells. Nat Rev Mol Cell Biol 2011;12(10):680-6.

Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA,
Swiergiel JJ, Marshall VS, Jones JM. Embryonic stem cell lines
derived from human blastocysts. Science 1998;282(5391):1145-7.
Smith AG. Embryo-derived stem cells: of mice and men. Annu
Rev Cell Dev Biol 2001;17:435-62.

Thomson JA. Primate embryonic stem cells. Google Patents; 1998.
Rao MS, Mattson MP. Stem cells and aging: expanding the
possibilities. Mech Ageing Dev 2001;122(7):713-34.

Blasco MA. Telomere length, stem cells and aging. Nat Chem Biol
2007;3(10):640-9.

Pain B, Chenevier P, Samarut J. Chicken embryonic stem cells and
transgenic strategies. Cells Tissues Organs 1999;165(3-4):212-9.
van de Lavoir MC, Mather-Love C. Avian embryonic stem cells.
Methods Enzymol 2006;418:38-64.

Nakano M, Arisawa K, Yokoyama S, Nishimoto M, Yamashita Y,
Sakashita M, et al. Characteristics of novel chicken embryonic
stem cells established using chicken leukemia inhibitory factor. J
Poultry Sci 2011;48(1):64-72.

Farzaneh M, Khoshnam SE, Nokhbatolfoghahai M. First scientific
record of two cases of partial twinning in the chick embryo, Gallus
gallus domesticus. J Vet Rec Case Rep 2016;4(2):¢000353.
Greenwood M. Medical emergencies in dental practice: 2.
Management of specific medical emergencies. Dent Update
2009;36(5):262-4, 266-8.

Lu Y, West FD, Jordan BJ, Mumaw JL, Jordan ET, Gallegos-
Cardenas A, Beckstead RB, Stice SL. Avian-induced pluripotent
stem cells derived using human reprogramming factors. Stem Cells
Dev 2012;21(3):394-403.

Mozdziak PE, Petitte JN. Status of transgenic chicken models for
developmental biology. Dev Dyn 2004;229(3):414-21.

Vergara MN, Gutierrez C, Canto-Soler MV. Efficient gene
transfer in chick retinas for primary cell culture studies: an ex-ovo
electroporation approach. J Vis Exp 2015;(105):¢52002.

Farzaneh M, Khoshnam S, Mozdziak P. Concise review: avian
multipotent stem cells as a novel tool for investigating cell-based
therapies. J Dairy Vet Anim Res 2017;5(1):1-4.

van de Lavoir MC, Mather-Love C, Leighton P, Diamond JH,
Heyer BS, Roberts R, et al. High-grade transgenic somatic
chimeras from chicken embryonic stem cells. Mech Dev
2006;123(1):31-41.

Abu-Bonsrah KD, Zhang D, Newgreen DF. CRISPR/Cas9 targets
chicken embryonic somatic cells in vitro and in vivo and generates
phenotypic abnormalities. Sci Rep 2016;6:34524.

2l s 5 @2V glackle a g Ol (EB66 L

Q\}lj_é Lthv.z_» S99 9 Qéﬁ )Ugr:é' ‘d@v\)ﬁ BE N sl sl

Sl 03,8 el Cdas |y (Giosces UGl &Sl e

cald 5 olaws OBL, 5 olatl g Slis 550w S

el e lpds ARLGT Wls s 1, Oy, bl

ol M Gl el CiS sladass ) eslatal e ol 105

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.
34.

35.

36.

Farzaneh M, Attari F, Khoshnam SE, Mozdziak PE. The method
of chicken whole embryo culture using the eggshell windowing,
surrogate eggshell and ex ovo culture system. Br Poult Sci
2018;59(2):240-4.

Krietsch Boerner L. The flu shot and the egg. ACS Cent Sci
2020;6(2):89-92.

Song Y, Wei Q, Liu Y, Bai Y, Deng R, Xing G, et al
Development of novel subunit vaccine based on truncated fiber
protein of egg drop syndrome virus and its immunogenicity in
chickens. Virus Res 2019;272:197728.

Christ B, Ordahl CP. Early stages of chick somite development.
Anat Embryol (Berl) 1995;191(5):381-96.

Naito M, Nirasawa K, Oishi T. Development in culture of the
chick embryo from fertilized ovum to hatching. J Exp Zool
1990;254(3):322-6.

Bakst MR, Gupta SK, Akuffo V. Comparative development of the
turkey and chicken embryo from cleavage through hypoblast
formation. Poult Sci 1997;76(1):83-90.

Gilbert SF. Early development in birds. In: Gilbert SF.
Developmental Biology. 6™ ed. Sunderland, MA: Sinauer
Associates; 2000.

Eyal-Giladi H, Kochav S. From cleavage to primitive streak
formation: a complementary normal table and a new look at the
first stages of the development of the chick. I. General
morphology. Dev Biol 1976;49(2):321-37.

Hamburger V, Hamilton HL. A series of normal stages in the
development of the chick embryo. 1951. Dev Dyn
1992;195(4):231-72.

Hatada Y, Stern CD. A fate map of the epiblast of the early chick
embryo. Development 1994;120(10):2879-89.

Azar Y, Eyal-Giladi H. Marginal zone cells: the primitive streak-
inducing component of the primary hypoblast in the chick. J
Embryol Exp Morphol 1979;52:79-88.

Etches RJ, Clark ME, Toner A, Liu G, Gibbins AM. Contributions
to somatic and germline lineages of chicken blastodermal cells
maintained in culture. Mol Reprod Dev 1996;45(3):291-8.
SPRATT NT Jr, HAAS H. Integrative mechanisms in
development of the early chick blastoderm. III. Role of cell
population size and growth potentiality in synthetic systems larger
than normal. J Exp Zool 1961;147:271-93.

Marzullo G. Production of chick chimaeras. Nature 1970;225:72-3.
Petitte JN, Liu G, Yang Z. Avian pluripotent stem cells. Mech Dev
2004;121(9):1159-68.

Pain B, Clark ME, Shen M, Nakazawa H, Sakurai M, Samarut J, et
al. Long-term in vitro culture and characterisation of avian
embryonic stem cells with multiple morphogenetic potentialities.
Development 1996;122(8):2339-48.

Horiuchi H, Tategaki A, Yamashita Y, Hisamatsu H, Ogawa M,
Noguchi T, et al. Chicken leukemia inhibitory factor maintains
chicken embryonic stem cells in the undifferentiated state. J Biol
Chem 2004;279(23):24514-20.

198 6 149 LF o,las VA 0,90 199 i 5 hed i sl olCtils o iy ouSiils aleo


https://tumj.tums.ac.ir/article-1-10532-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

V4o

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Establishment and the importance of chicken pluripotent stem cells and their role in vaccine production

van de Lavoir MC, Mather-Love C, Leighton P, Diamond JH,
Heyer BS, Roberts R, et al. High-grade transgenic somatic
chimeras from chicken embryonic stem cells. Mech Dev
2006;123(1):31-41.

Lavial F, Pain B. Chicken embryonic stem cells as a non-
mammalian embryonic stem cell model. Dev Growth Differ
2010;52(1):101-14.

Intarapat S, Stern CD. Chick stem cells: current progress and
future prospects. Stem Cell Res 2013;11(3):1378-92.

Horiuchi H, Furusawa S, Matsuda H. Maintenance of chicken
embryonic stem cells in vitro. Methods Mol Biol 2006;329:17-34.
Farzaneh M, Attari F, Khoshnam SE. Concise Review: LIN28/let-
7 Signaling, a Critical Double-Negative Feedback Loop During
Pluripotency, Reprogramming, and Tumorigenicity. Cell
Reprogram 2017;19(5):289-293.

Farzaneh M, Alishahi M, Derakhshan Z, Sarani NH, Attari F,
Khoshnam SE. The expression and functional roles of miRNAs in
embryonic and lineage-specific stem cells. Curr Stem Cell Res
Ther 2019;14(3):278-89.

Kolagar TA, Farzaneh M, Nikkar N, Khoshnam SE. Human
pluripotent stem cells in neurodegenerative diseases: potentials,
advances and limitations. Curr Stem Cell Res Ther
2020;15(2):102-10.

Farzaneh M, Derakhshan Z, Hallajzadeh J, Sarani NH,
Nejabatdoust A, Khoshnam SE. Suppression of TGF-f and ERK
signaling pathways as a new strategy to provide rodent and non-
rodent pluripotent stem cells. Curr Stem Cell Res Ther
2019;14(6):466-73.

Li J, Zhang B, Han H, Cao Z, Lian Z, Li N. Metabolic properties
of chicken embryonic stem cells. Sci China Life Sci
2010;53(9):1073-84.

Valarche I, Batard L, Mehtali M, Guehenneux F. Method of
obtaining chicken embryonic stem cells. Google Patents; 2015.
Lavial F, Acloque H, Bertocchini F, Macleod DJ, Boast S,
Bachelard E, et al. The Oct4 homologue PouV and Nanog regulate
pluripotency in chicken embryonic stem cells. Development
2007;134(19):3549-63.

Jean C, Aubel P, Soleihavoup C, Bouhallier F, Voisin S, Lavial F,
et al. Pluripotent genes in avian stem cells. Dev Growth Differ
2013;55(1):41-51.

Petitte JN. Isolation and maintenance of avian ES cells. In: Lanza
R, editor. Handbook of Stem Cells. London: Academic Press;
2004. p. 471-7.

Kress C, Montillet G, Jean C, Fuet A, Pain B. Chicken embryonic
stem cells and primordial germ cells display different
heterochromatic histone marks than their mammalian counterparts.
Epigenetics Chromatin 2016;9(1).

Yu M, Lian S, Han H, Yu K, Li G, Lian Z, et al. Four recombinant
pluripotency transcriptional factors containing a protein
transduction domain maintained the in vitro pluripotency of
chicken embryonic stem cells. Sci China Life Sci 2013;56(1):40-
50.

Aubel P, Pain B. Chicken embryonic stem cells: establishment and
characterization. Methods Mol Biol 2013;1074:137-50.

Farzaneh M, Attari F, Mozdziak PE, Khoshnam SE. The evolution
of chicken stem cell culture methods. Br Poult Sci 2017;58(6):681-
6.

Kain KH, Miller JW, Jones-Paris CR, Thomason RT, Lewis JD,
Bader DM, et al. The chick embryo as an expanding experimental
model for cancer and cardiovascular research. Dev Dyn
2014;243(2):216-28.

Ellis-Barrett L. The oxford companion to classical civilization. Ref’

Rev 2015;29(6):48.

Artenstein NC, Artenstein AW. The discovery of viruses and the
evolution of vaccinology. In: Artenstein AW, editor. Vaccines: A
Biography. New York, NY: Springer; 2010. P. 141-58.

Tong Q, Romanini CE, Exadaktylos V, Bahr C, Berckmans D,
Bergoug H, et al. Embryonic development and the physiological
factors that coordinate hatching in domestic chickens. Poult Sci
2013;92(3):620-8.

Tehran Univ Med J (TUMJ) 2020 July; 78(4):189-96

http://tumj.tums.ac.ir

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

70.

71.

72.

73.

74,

75.

76.

77.

78.

Genzel Y. Designing cell lines for viral vaccine production: Where
do we stand? Biotechnol J 2015;10(5):728-40.

Goodpasture EW, Woodruff AM, Buddingh G. The cultivation of
vaccine and other viruses in the chorioallantoic membrane of chick
embryos. Science 1931;74(1919):371-2.

Kraus B, von Fircks S, Feigl S, Koch SM, Fleischanderl D, Terler
K, et al. Avian cell line - technology for large scale vaccine
production. BMC Proc 2011;5(Suppl 8):P52.

Brown SW, Mehtali M. The avian EB66(R) cell line, application
to vaccines, and therapeutic protein production. PDA J Pharm Sci
Technol 2010;64(5):419-25.

Mehtali M, Champion-Arnaud P, Leon A. Production of viral
vaccines in suspension on avian embryonic derived stem cell lines.
Google Patents; 2015.

Aubrit F, Perugi F, Léon A, Guéhenneux F, Champion-Arnaud P,
Lahmar M, et al. Cell substrates for the production of viral
vaccines. Vaccine 2015;33(44):5905-12.

Valarche I, Batard L, Mehtali M, Guehenneux F. Method of
obtaining chicken embryonic stem cells. Google Patents; 2014.
Guehenneux F, Moreau K, Esnault M, Mehtali M. Generation of
duck cell lines. Google Patents; 2016.

Genzel Y, Reichl U. Continuous cell lines as a production system
for influenza vaccines. Expert Rev Vaccines 2009;8(12):1681-92.
Farzanech M, Hassani SN, Mozdziak P, Baharvand H. Avian
embryos and related cell lines: A convenient platform for
recombinant proteins and vaccine production. Biotechnol J
2017;12(5).

Yu P, Lu Y, Jordan BJ, Liu Y, Yang JY, Hutcheson JM, et al.
Nonviral minicircle generation of induced pluripotent stem cells
compatible with production of chimeric chickens. Cell Reprogram
2014;16(5):366-78.

. Rossellé RA, Chen CC, Dai R, Howard JT, Hochgeschwender U,

Jarvis ED. Mammalian genes induce partially reprogrammed
pluripotent stem cells in non-mammalian vertebrate and
invertebrate species. Elife 2013;2:¢00036.

Dai R, Rossello R, Chen CC, Kessler J, Davison I,
Hochgeschwender U, et al. Maintenance and neuronal
differentiation of chicken induced pluripotent stem-like cells. Stem
Cells Int 2014;2014:182737.

Lu Y, West FD, Jordan BJ, Jordan ET, West RC, Yu P, et al.
Induced pluripotency in chicken embryonic fibroblast results in a
germ cell fate. Stem Cells Dev 2014;23(15):1755-64.

Susta L, He Y, Hutcheson JM, Lu Y, West FD, Stice SL, et al.
Derivation of chicken induced pluripotent stem cells tolerant to
Newcastle disease virus-induced lysis through multiple rounds of
infection. Virol J 2016;13(1):205.

Liou JF, Wu WR, Chen LR, Shiue YL. Establishment of an
induced pluripotent cell line from Taiwan black silkie chick
embryonic  fibroblasts  for  replication-incompetent  virus
production. Sci Rep 2019;9(1):15745.

Shin D, Park KJ, Lee H, Cho EY, Kim MS, Hwang MH, et al.
Comparison of immunogenicity of cell-and egg-passaged viruses
for manufacturing MDCK cell culture-based influenza vaccines.
Virus Res 2015;204:40-6.

Jordan I, John K, Héwing K, Lohr V, Penzes Z, Gubucz-Sombor
E, et al. Continuous cell lines from the Muscovy duck as potential
replacement for primary cells in the production of avian vaccines.
Avian Pathol 2016;45(2):137-55.

Wang W, Said A, Wang Y, Fu Q, Xiao Y, Lv S, et al
Establishment and characterization of duck embryo epithelial
(DEE) cell line and its use as a new approach toward DHAV-1
propagation and vaccine development. Virus Res 2016;213:260-8.
Olivier S, Jacoby M, Brillon C, Bouletreau S, Mollet T, Nerriere
O, et al. EB66 cell line, a duck embryonic stem cell-derived
substrate for the industrial production of therapeutic monoclonal
antibodies with enhanced ADCC activity. MAbs 2010;2(4):405-15.
Park TS, Lee HG, Moon JK, Lee HJ, Yoon JW, Yun BN, et al.
Deposition of bioactive human epidermal growth factor in the egg
white of transgenic hens using an oviduct-specific minisynthetic
promoter. FASEB J 2015;29(6):2386-96.


https://tumj.tums.ac.ir/article-1-10532-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-03-21 ]

I [ ] ] VI l Tehran University Medical Journal, July 2020, Vol. 78, No. 4: 189-196 Review Article

Establishment and the importance of chicken pluripotent stem cells and
their role in vaccine production: review article

Maryam Farzaneh Ph.D.!*
Mojgan Hosseini Ph.D.2

1- Physiology Research Center,
Ahvaz Jundishapur University of
Medical Sciences, Ahvaz, Iran.

2- Department of Biology, Faculty
of Sciences, Islamshahr Azad
University, Tehran, Iran.

*Corresponding author: Jundishapur
University of Medical Sciences, Golestan
St., Farvardin Blvd., Ahvaz, Iran.

Tel: +98-61-33113941

E-mail:
maryamfarzaneh2013@yahoo.com

Abstract Received: 26 Jan. 2020  Revised: 02 Feb. 2020  Accepted: 14 Jul. 2020  Available online: 21 Jul. 2020

Chick embryos are a great historical research model in basic and applied sciences.
Along with other animal models, avian and specifically chicken embryo has been
attended, as well. Avian fertilized eggs as a natural bioreactor are an efficient tool for
producing recombinant proteins and vaccines manufacturing. Due to the limitations of
birds' eggs for viral replication, avian stem cells culture technologies access to safe
methods as well as large-scale production of a variety of human and animal vaccines.
Chicken pluripotent stem cells present the unique property of self-renewal and the
ability to generate differentiated progeny in all embryonic lineages such as ectoderm,
mesoderm, and endoderm in vitro. For the first time, chicken embryonic stem cells
(cESCs) derived from the blastodermal cells of stage X embryos in vitro. Chicken ESC
provides a great model of early embryo and they are useful for gene manipulation, virus
proliferation, and the generation of transgenic birds. In addition to blastodermal cells,
pluripotent cell lines can be produced by reprogramming of chicken fibroblasts into
induced pluripotent stem cells (iPSCs) with transcription factors such as OCT4,
NANOG, SOX2, KLF4, LIN28, and C-MYC that are well known to contribute to the
reprogramming of somatic cells into an iPSCs. Similar to chicken ESCs, iPSCs have
properties of unlimited self-renewal in vitro and the capacity for differentiation to all
three embryonic germ layers. Chicken iPSCs have been a useful tool for the production
of transgenic birds and viral vaccines. Despite the benefits and multiple applications of
chicken pluripotent stem cells, the propagation of these cells is limited and some
important challenges should be eliminated before their use in vaccine manufacturing. It
is necessary to define the appropriate culture conditions for chicken pluripotent stem
cells. For example, the presence of endogenous viruses in the avian species should be
evaluated for human vaccine production. Currently, primary chicken fibroblast cells are
still mainly used for vaccine production. This review covers the resources to achieve

chicken derived cell lines for vaccine manufacturing.

Keywords: chicken, embryonic stem cells, fibroblast cells, genetically modified

animals, induced pluripotent stem cells, recombinant proteins, vaccines.
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