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Abstract. Induced pluripotent cells have been considered as one of the most recent and best cell sources for
the cell therapy. In this study, the differentiation potency of human iPS cells, cultured on scaffolds, which can
differentiate into definitive endodermal cells as precursor for hepatocytes, pancreatic and lung cells, was
studied. Embryoid bodies composed of pluripotent cells, were seeded on electrospinning nanofiber scaffold.
The cells were differentiated into definitive endoderm using IDE1. Expression of definitive endoderm
markers including Sox17, FoxA2 and GSC were confirmed by immunocytochemistry staining and qRT-PCR
analysis. In the present study, morphology and viability of cells were evaluated by utilizing a scanning
electron microscopy and MTT assay, respectively. The results demonstrated the positive effect of 3D cultures,

using suitable factors, on definitive endoderm differentiation.

Keywords. iPSCs, IDE1, definitive endoderm, electrospun scaffold

Fle 5 sl s OMSCte 55 51 S 05
(Maruyama et al., 2013; cul sdi 5L 3
.Yamanaka, 2009)
S Glgn wln sbdile IPS glad s
by sladshe 5 22T 5k 4 & L5
(Noguchi, 2009; Kim et al., 45T o S 4 o
Jolos &8 GlodiST W1 (g5 45T oy o ks . 2008b)
L dzea Myc 5 KIf Sox Oct slaesl il slags
e ) eslimal fro Caliee gla gy ¢SS
(Takahashi & & s& AU sbadshe ily o505
sUs 1iPS  sldse . Yamanaka, . 2006)
51 1) 0Ll 0y slad sk ol &2 Ly 21 55 55
S e (S50 dez Sl g (5l
i SIS (155 a0 el Oy 5 (551 pe sl Sl
Zaehres & ) w8 (s Jos iz oly gbdsle
o> ogn ool 4 Ol o5 1 .(Scholer, 2007
sdiu & Ol5 , ol sladshe pla oS Wlasl
Sad sl 5l 55 Al o 0 foge 5 dsl (a0 53 5T
LSl bk Bl bl ¢ sl
¢,254T (Sherwood er al., 2007) ol s 5la
Fr S el JUzol Jske glaolesgs lace abb

lie 5 A8 o sbul 1) 5,18 5 il (sls e

400

Seslen ozl sl 5h ol S 055 00
Sl gl 53 S G 5 Sabis (bl S oS
o b asd® 5 Oluesils sh e slids U (g ks
boley €550l Oloys sl S slaoly Jlisa Jl
3 W Llasl s LS}:fr“? S g 4 9 Llos s
Sl s Foy i o Glosdde Gl gladl
el 45 S 15 a5 Coda gl Sl (6ol Oleys
WOl gl jre 3k lad e (o 3k lad e
ol sladsle (F 5 O Ay 05 ool lad sk
ol Ol sl olaay Lo 4 a3 58T 5 o) T
Ol Cleay o sl . Llokis slgiiy g lew
O 53 s50 5 M5 OSGl 5 (B3 ESLe (g 5,
Ol gl s 3Ly Slad sk iz g 0S5k 53 5 8
obe & s el Calidee glalysgions fdoa
YU i 5 pld Syl8 Oslaws)l (LS sl
Sl S opt s pame b sk Comes A
(Sethe et al., 2006; Lu et 4T oo jlad 45 owln
iPS g Mg Eoy Juse al, 2006)
sldske I (Induced pluripotent stem cells)
Aol 3l (gt 4w s> Yamanaka L s B asl e

bsolew Olys s ol lad s 05,5 84 i,


www.SID.ir

10/ -

Nova Biologica Reperta 1: 8-22 (2015)

AYY ) ol o g pole (o g slaaidly

Induced Caises IDEL Olgie b S50 55 0358 o0
ey Jsa 8wl . definitive endoderm
Sldlas .ol 4z 55 S0 3l Kos Julge 4 o &S
on Soledle 5 b5l 55 IDELD &5 esls Olis
.(Borowiak et al., 2009) 45" » Jos Smad
mady 6 Ui 4 Sl edign 3 ladle o
Do 5 S yh Gl 1y gk g Cas p $SsST gl
3 Sk Glgsles Ol Sy Slys sla by,
Serra et al., 2013) il o35 @alp ol
33 S5 B Tyl 3 el das e OLES olalllas
5 301 bdshe Cales £lsl 4 3k lad b LS
S Landy she LOT 25 5 e SR o
228N Candy 4 Gda s TS L alie 3 (Sman
IS5 b 5 sl S yls (Cl Fad in ViV
a2l Oyl 3 dole L sdied ey U S (5SS
Pl bdske Gl 0x Jibe ol oSSl s
(S (S e SSS B S il
Sl Jige e 55 es 5 L IS W e
ST ls Sl eslazul 059 4l .(Hosoya et al.; 2012)
S ph ol deaSl Ol 3 sl o lea o sian
N N N EPE M R CIU
(Domingos et al.,-2013; Meng et al., 20006)
@ )54 Gyl o Fdsens 5 e o]
55 o)lal PLGA 5 PLA, PCL, PGA & 015 o
(Chao et al., 2009; Kim et al., 2008; Pham et
pled Ols gwyp Gaw opl Oda Loal, 2006)
Sadshe & St S Lme s hiPS b
sy Aewsa IDEL I oslawal b ks r)ajvuT

R CERY 6&)3}&3"— Lgl.k;)lﬁ

Cd i AL 5 AT e e s S
Jdsb ;5 ok rjijUT (D'Amour et al., 2005)
S T3 0 pd o JSE5 i 0 gV pulE dlo
4 s Jsho So5 0555 2Dyl Ol 5 slad e
) Sadshe Lsh (o oo asl 815 4Y 4w
Sy 13 535 53 8 s GLadshe £ 5 93 51 K
Kos s 55 o i sl Lae 5 iyl
T Sl sl S i s sladshe
Lsdgr (oo p)350T g olit 05T Jre s
bl S o0 OSp0 per Slo i LSS s &S
G Ll S 50T CS b ol el sd
Zhou et al., 2008) 5,15 5 >
0358 b o ad ol L 5gh L O g ¥ u 51T
IS5l syls buT S el sbdse T ol
LG a5k b g o s (il & JLL )
gl & s o Ol Ollas ST sl £2335
T35 Wb 25 (S ke Glle i I sk
2ol 5330550 5 g ol do slad gl il
o, KT 51 e (Hansson et al., 2009) & 4i
Sl S, (ol po358T sl g Coesl
Sdsbe & ool Gladshe ¢l Wl ol Al
5850 SIS 15 51 elizal b abad )3 5.0
SLosSE i 5 imb el Ad £ ke
s YL glackle L Activin A 4 Olg e odS Wl
Kroon et al., 2008; McLean ) > S . sl Nodal
& ksl & et al., 2007; D'Amour et al., 2006)
Wl v 3 S o Joe Smad s es 03,5
Lsdee Yo LB L (Al ppasu T sladshe
sla,sS6 51 s S .(Mfopou et al., 2010)
asm\d&r,w.\sﬂ;u@u‘_gw\ﬁa,')f\&;y


www.SID.ir

L1/vY

Nova Biologica Reperta 1: 8-22 (2015)

AYY ) ol o g pole (o g slaaidly

el FA 2 g ples boe i o Kl V UM Clale
ol 0 wis & Sdeny badle 5 e HLeS

LAl Lg)bn\i} Cand

el JN (1095 b (S Ol IS Agd

cble b (Sigma) PCL ey lasl syl &g (6l
C».GLVJY'FQM@&U\&&:):(a)}éjjlfdﬁ):'/.\'
35 Jons s o Sty Olid Jous b A >
oKows 53 5 38 15 b 0 S K,
3 dsbes ol el Sl (bl Kl S
VLY o S s eslimed YY gauge o)
Aol (el 53 2d o /0 Gy5 Se o (IglS
S e s fale Vo SHE G O e
V0 S a4y Jgloee oy Mr_.lu\rpmei.lp
P o 5 bl (o sin ) B3 (535 ol
RE-FUC I ARGV | SUIRVPTR WP

St 31 g hiPS sl Jolw Cuis”

3 e fadee V7 8L Slalad 4 S )fs s Sl n
Tl A Bliess Cela YF Cateny 0 b 2l
Sodady 5 el B YF iy o 6 o313 L1 3 UV
—ode sy YL cble ggme PBS s el YF
0x\+" cell/Well 3luns jmnncd 515 omslo g2 2l
Sl RISl 5 A8y Sl s b
Ao ol YF 5 b oslanal J5 5l 7Y Sl 51 ol
A5 8 w6lsl ol Lases

S5 gy Ko b (S3988 90 S w2
romen g olbag Ul Ll 5 b (g5l se
Sy S byl Jske 2T S8

Lses gilwesbT (gl s )y (SEMD) g5 S

by w3y 9 3lg0

hiPS (b Jobs cuis”

sde 5y » Jsers Syge 4 hiPS (glad sl
oS Wl Jole LY 6 & (b Dy b
DMEM/FI2 iS5 Lo 55 olish o suius
Knock Out Serum  7\+ (= (Gibco)
Fetal Bovine 7.0 «SR, Gibco) Replacement
Y cble L b 801 (FBS, Gibco) Serum
Ll b (Gibeo) J bl s ek (Gibco) HY ga Jus
L (Sigma) ()5 06 &l @t Ye Lo V)
s (Gibco) 7\ b Y e oS cbils
CiS S 43 V¢ ng/ml cLke L (Gibeo) bFGF
25 8355 Do pon J ke 28T L L 031
Sl g SUIST 51 eslizad b 55 A 3l de Ygeme
Al esls jlul Y mg/ml cLake L (Sigma)

8 p090T Sl Jolw 4 hiPS Sly Jolu ylod
Sl bdshe (a5 KU TAY 35 oS ol 5l e

OxVe" sl Wdd e oS adi adshe Sl
S FEY Sde g e B A8 Oy B s b
pld b Wi a3l 15 JelS 27 Lasms L ol et
i8S Laea b lad sl s 15,50 IS5 (EBS) i
o= &~ JI FBS 7.6 SR 7\« 5> DMEM/F12
Chle b gl el GVseds Yokl L
6 Chle b g0 LT gladenl Y g )
S35 2 ) RED) 5 5l 5 7Y e iy Y g s
Ln b Lass ol day Sl YF 5 03 S 515 Sl
SR 7+¥ s> DMEM/F12 pls <SS
L dsblm e oVsnhe ¥ Chle L ol 80
Chle b (g5, deT ladnl ¥ se Lo V/) L
L (Stemgent) IDE1 5 7 ‘s s )V g0 oo ¢


www.SID.ir

12/\Y

Nova Biologica Reperta 1: 8-22 (2015)

AYY ) ol o g pole (o g slaaidly

51,5 (5% BSA in TBST) XS o Jylows 53 sl
Gl 5T o me 3 Cola VY Sidots s i
s (R&D) Gsc «(Santa cruz) Sox17 Jels 4l
dny A e 43 b S L5 (Millipore)  FoxA2
G s 4 e 5 A3 813 sl o lad sl
Alexa  Joli 456 slaosb 5T Syslme 53 ol
)15 (Gibco) Alexa fluor- 594 , fluor 488
L dbr 5T 61y st Sl da 5 w3 8
L (65T 4ids 0 S 4 DAPIL K,

qRT-PCR plxit g RNA ! il

25 55 8 55 il o MRNA ol o Sl
1y s ot QRT-PCR 1 a3zl b alab p 53557
5 4us 33 Qiazol ) eslizal b ad s RNA o1 5z
TagMan Reverse 3 cDNA Gl
(cpls OIS &S 6 csLl) Transcription Kit
- 7 CDNA 1o S50 Fr 450 o sl o oslical
Power Syber Green master ;i s o) L odd
Al S /0 5 ()5 03LS S 8 s le) mix
Soslizal b 6 ged 8 Ct eS8 b yloee (Y sds) el
85 51 e3bizl L & el b 5 alea StEPODE 3l 5
.u,tﬁ)gwﬁuﬂﬁjaferPRT

Skl Sy )y

Gl 51 Ol il 5 ks Sy g & S2besT 5 J 8
st 9351 1 e gyt (12 3 b drnlomn S0l
SPSS(Ver.12) Jisle i 5 T 5037 5l oy &

@S L s s gae p<0.05 Sls 5 s eslizad

A

Odads PBS L b gos Tzl Jsbe (slyls slad lKul
ke 4y 2Y/0 das,b 8 L s 5 b w485 =y
VAT N AYRESK SO I RCN. JUV PG Y
P GO9re Dyel b AREIRYA YA SURYA TR
0l gy Mo D3 b oo 1235 plonil 4ids 0350 pltS”
SEM 53S0l @Sy Sn b (olo oS 5 42
NPl 3 eslizal b dbla 33150 5 O s .8 8 oloni

L' S o3l Measurement

MTT (235 b Joho Sl Ol 205!
C)ls g3y odleshriuisS sbadse i Ol

Low) Gdngs ST b b oawlie 5o 5,8l
8 e dame 4lia ST (giaps ST (Gl
(5,10 302 5 S yls dlm o ol 55 Lo 5 ol (Glmsn
phed oLyl o mg/ml chle U MTT 1 eslawal b
53 ke 0313513 5l dm 0 5 ¥ ) glajs, 5o Oge3T
S ge Cpl gl el Gdman 5 Gdn 5o SIS Lo
YE Gl s bd gl CiS i ey canlis Ol 4o oS
Yoo ogd- bt pow s ool CiS Lo il
MTT Jos 51 25 Sa ¥ sl 036 Lamma 2 Lo
YV olos b Ol sSOE Gl F 6 Y 51t s LS
Yor sl a4 2ol MTT Jgloee 51 8 Sl i)
A& 4Ll DMSO (Dimethyl Sulfoxide) =5 S
o&s Sl eslizal LOVE = g0 Job 53 4 pa5 oor g
Al okl g5 5y 1

(0 g 93901 [ (g3 3

dadlle 3L L asl 5l glad b ojles I dms wzaneSS
S 4ids ¥ Suew (PFA, Sigma-Aldrich) 7.f
TX-100in dwya 5 Hu2 aws PBS L e il
S Sde 4 e 3 pudss 7o/V PBS (TBST)


www.SID.ir

13/\Y

Nova Biologica Reperta 1: 8-22 (2015)

ASYY ) ol i pole 1 s slaasily

)\Ja\rj L ;}L;J\ J]aé L.wj.’.a 9 Sl odd esls
Ad 03 3w eyl Yoo {554~ Measurment
Sladsbe it K8 oo ¥ IS8 () JS2)
)\ e J}‘jlﬁ b e.ube)bu'&fbx PCL w)‘b 2 hiPS

bg:,.wa.)‘bjL&d}o‘aﬂﬁw)u-:CJ‘J&;ﬂ\‘\fCMﬂ\)})V

el
o3ld cuis” hiPS b Jokw S39999580 (owiy
PCL cusyld g onls

Sl S8 5 PCL cals (35550 (o
Loy oS 3 bl Cawyls » hiPS (glad sl
1,5 5,5 123 8 plasl SEM. g 5801 o 5y S
Olas (kY S 53 PCL 5,08 5 Sl 55 S

Fregustcy
2

m
b
; =1
o . .
LO0 0% o ] Lo

Fillat e b rines)

il (sl b s 80Ul ai = PCL 8y S ol (sl b 5 =l SEM 55 5801 585 S 31,875 S -1 JS
(scale bar: 1um) ws 5,8 o5100 a5l Yo v 3o S o 5 2y o S0ks 8 PCL CsUI g6

Fig. 1. Scanning electron micrograph. (A) The nanofibers of electrospun PCL scaffold; (B) Diameters of the
nanofibers. The diameters of random PCL mats with average diameter of about 200 nm (scale bar: 1pm).
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Fig. 2. Scanning electron micrographs showing the morphology of plated/differentiated hiPSCs on PCL
scaffold 7 days after seeding. (A) hiPSCs on PCL scaffold with lower magnification (scale bar: 25um). (B)
hiPSCs on PCL scaffold with higher magnification (scale bar: Sum).
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Fig. 3. MTT assay. Formosan absorbance expressed as a measure of cell viability from the hiPSCs cultured on

nanofibrous scaffold for a five-day period (1, 3, 5 days), by day 5 of culturing, the cell viability of hiPSCs on
PCL scaffold was significantly enhanced relative to control groups (¥*p<0.05; n=3).
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Fig. 4. (A) Inverted microscopic

morphology of undifferentiated embryoid body (EB). (B)

Immunocytochemistry performed for Sox17, FoxA2 and GSC as endoderm-specific proteins by differentiated
hiPSCs on nanofibrous scaffold after 7 days of culture for GSC (green) and Sox17 (green), FoxA2 (red)
respectively. Staining of nuclei was performed by DAPI (scale bar: 100um).
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Fig. 5. (A) Quantitative expression analysis of definitive endoderm derived from hiPSCs seeded onto Matrigel
coated PCL scaffold after 7 days. Results were collected from 3 independent experiments with 2 internal
replicates per experiment. Differences were statistically significant if p < 0.05. (B) Decrease in expression of
non endodermal markers (Brachyoury, Sox7 and Sox1) and pluripotency related genes (Nanog and Oct4).
Statistical analysis was performed by one-way ANOVA analysis followed by unpaired Student’s Tukey and
p-values less than 0.05 were considered significant (n=3).
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Table 1. Primers which were used for qRT-PCR

Gene

Homo sapiens forkhead box A2 (FOXA2)

Sequence

F5 - GICTGAGGAGTCGGAGAGLC - ¥

RS - CACGGAGGAGTAGCCCTCG - ¥

F 5 - GCTTCTCAACCAGCTGCACT-¥

Homo sapiens goosecoid homeobox (GSC)

R 5 - CTGATGAGGACCGLTTCTGC - ¥

Homo sapiens SRY (sex determining region Y)-box 17 {SOX17)

F 5 - CATGGTGTGGGCTAAGGACG - ¥

R 5 - AGCGCCTTCCACGACTTG - ¥

F 5 - TCATGGTTTGGGCCAAGGAC. ¥

Homo sapiens SRY (sex determining region Y)-box 7 (S0XT)

R5 - GCCTTCCACGACTTTCCCAG - 3

F 5 TTGGTTCAGCGATTGIGTIT- ¥

Homo sapiens SRY (sex determining region Y)-box 1 {SOX1)

R Y - TTGGTTCAGCGATTGIGTTT -3

F 5 - ACAGGTACCCAACCCTGAGG- ¥

Homo sapiens T, brachyury homolog {mouse) (T)

RS - TGGGGTACTGACTGGAGCTG 3]

(Sui et al., 2013; Kopper &Benvenisty, il

2012; Mfopou et al., 2010; Kim et al., 2008a;
Jiang et al., 2007, D'Amour et al., 2006;
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