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ABSTRACT

Embryoid bodies (EBs) generated from human embryonic stem cells (hESCs) include spontaneously induced en-
dodermal lineage cells (ELCs). Activin-A plays important roles in the endoderm differentiation of hESCs. Despite
studies on the generation of ELCs from hESCs with treatment of Actvin-A, it was unclear for localization and
pattern of ELCs by Activin-A during differentiation of hESCs. Accordingly in this study, we knew that Actvin-A
increased the cystic EBs formation, including the highly enriched AFP (endoderm lineage specific marker)-ex-
pressing cells in the surface of cystic EBs. To induce the EBs formation from undifferentiated hESCs, cells were
transferred onto petri-dish and cultured in suspension condition without bFGF removed hESC media (EB media)
for 3 days. Next to investigate the effect of Activin-A, EBs were subsequently cultured in EB media supplement
with 100 ng/ml Activin-A for 3 days. After 5~7 days of Activin-A treatment, cystic EBs began to appear which
increased in numbers reaching ~60% of initially formed EBs over 5 days. Endoderm lineage marker, AFP were
highly expressed and specifically localized at the surface region of cystic EBs comparison with normal EBs. We
next attached the cystic EBs onto gelatin-coated plates and cultured for 5 days. In the results of real-time PCR and
immunocytochemistry analysis, AFP-expressing cells migrated and localized at the outgrowth region of attached
cystic EBs. To obtain the AFP-expressing cells of the outgrowth region, we manually isolated by using micro-
dissection and cultured them. These cells strongly express AFP over 70% of isolated cells post re-plating. Here,
we first showed an expression pattern of specifically localized ELCs by Activin-A during differentiation of hESCs.
From this observation, we could highly purified ELCs from undifferentiated hESCs. Taken together, our system
will provide a novel and efficient option to generate ELCs from hESCs.
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geow FHE wY3HA(Nunc, Roskilde, Denmark)ol
A, AE 2378 A &2 mitomycin C(Sigma, St. Louis,
MO, USA)E 10 pg/ml FE2 908 59 X7 sl FH)
AR A E(mouse embryonic fibroblast: MEF)$} 37 &
wFstdet. o] W, <17 Hlo} E7]M¥E= DMEM/F12(50:
50, Gibco, Gaithersberg, MD, USA), 20% (v/v) serum re-
placement(Gibco), 1 mM L-glutamine(Gibco), 1% noness-
ential amino acids(Gibco), 100 mM beta-mercaptoethanol
(Gibco), 4 ng/mL bFGF(Sigma)2 ZAH wjokel-g A}&3}
Aot MFE L vl wAS] Fa, 5UA 7Y HHew

olrt

AZE AAA T Adejdsigon, AE wjd2 37C,
5% COp, 95% FEE FA31HA X833 rhThomson 5,
1998).
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dispase(Gibco) EAZ ARAHE EA17] F, A22 H)
%% Al(Falcon/BD Biosciences, San Jose, CA)Z #7 DM-
EM/F12(50:50, Gibco), 20% (v/v) serum replacement(Gi-
bco), 1 mM L-glutamine(Gibco), 1% nonessential amino
acids(Gibco), 100 mM beta-mercaptoethanol(Gibco)= &=
3E B Fhel A BRujdatgl o, vigedL vfjd wA s}
S THKim 5, 2007; Cho 5, 2007). ¥I/JAE o]-&3 uinj
A AX29 3 55 Y8 100ng/ml X2 Acti-
vin-A(R&D System, Minneapolis, MN)E ®dA A&
T3 B3 FrEshe 27] 393 A F, 5~74% Wl
s} th(Fig. 1A).
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Table 1. Primers used for Real-time PCR

Gene Forward primer Reverse primer <DNA size(bp}
GAPDH §CTCGCTTCGGCAGCACA S'AACGCT TCA CGAATTTGCGT 238
Oct3/4 S'TATGCAAAGCAGAAACCCTCGTGC S'TTCGGGCACTGCAGGAACAAATTC 103
AFP F'ACCCGAACTTTCCAAGCCATAAC 5'CAGACAATCCAGCACATCTCCTC 141
Brachyury 5'CCAGTGGCAGTCTCAGGTTAAG S'GCAGGTGTGAGCAAGGGATG 116
TUBB3 S'TTCCTGCACTGGTACACGG 5'TGCGAGCAGCTTCACTTG 185

4(Santa Cruz Biotechnology Inc, Santa Cruz, CA), AFP A
bFGF hES media

(R&D System), TuJ1(Millipore, Chicago, IL)3} #& I3}
FAE 4ColA 12417 B vEEAIF 21, PBSE o] &3}
o Al ¥ AFSEITE A F, Cy3(Molecular Probes Inc.,
Eugene, OR), FITC(Molecular Probes)®} & o]a} &al&
& g2 A 1AL BRF A @ Fo PBSE o]&8td A
A AFEAc we fde] 2 dAlE 46-diami-
dino-2-phenylindole(DAPI)7} H%]°] S+ glycerol- ba-
sed mounting solutions ©|&-3}¢ n}-5 3 F, LSM 510
META &%3 @v73(Carl Zeiss Inc.; Oberkochen, Ger-
many)S ©]&3le] #AET

SAANE ¥ 24

oo Aol digk AFAQ A= Adpd ®
TUAE 0|88t UellATh 2 AT 2k o vl
£ 918t one-way analysis of variance (ANOVA)Z SPSS
(SPSS 17.0, SPSS Inc., Chicago, IL, USA) X2 139} stu-
dent t-testE o]g-3to] FoAd FAstd o, pglol <0.05
d o FAA R FoAA e Zol7t Y AR &%
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Actvin-A7} HI&HA EHo| DjR|= FEfEN BA

AL wio} AR fefe) WuigA AERe 2ile
F3eh= AR L7 Activin-A7F v A FA 7Y
o MAE dFE FA] s, B ddME 100
ng/ml F=2] Activin-A(D'Amour 3, 2005; Yang 5, 2008)
S A 3498 B8 B3l FEIE 27 397 A
g %, 5~743t HlFslol(Fig. 1A) Activin-A A T3 H]
A2 FejEtA wsks v wesit} Activin-A9] H)A
gl A= ohedkdh 2719 aibgAZ BEEAA G, Defst
HOo % cystics FAe wYA(Fig. 1B arrow head)= #
Al wgA 2] 10% vlRbel] B35 thFig, 1D). ¥Hd, Acti-
vin-A%] AHg|atollAE bt 719 wl Az A g B
Aol FEfSHH 0 & cystic 2] M) (Fig. 1C arrow head)
7b AR A ] 60% o) el A B ECHFig. 1D).
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Fig. 1. Comparison of cystic EBs formation derived from hESCs
between Activin-A treatment and non-treatment. (A) Overall stra-
tegy for differentiation of EBs from hESCs. (B} Morphologies of sp-
ontaneously differentiated EBs without Actvin-A treatment. (C) Mor-
phologies of differentiated EBs post Activin-A treatment. (D) Mea-
surement of the number of formed cystic EBs with / without Acti-
vin-A treatment (* p<0.05).

2 d )l S 2ARE] fate, tlEA ) v)E3sE 22]<
ZR1 Octd FrAAet AP AlEe FA A8 AFP(U
819, Brachyury(Z %), Tubb3(2]vl<d) F-2ate] tiste
AR FFEAS A S EeR EA8Y. 1 A,
Oct4 F3x} W 9] 79, mlE3}h 17F wio} ST E2d
At Z8A 2E S, Activin-A9] Bl E T2 HEd 2
FME Octd A THo] ofsta 7 7he] 23 A}
ol RUATH(Fig. 2A). 2 WG dHEA A BAUA K
Axpe] Wb sRlel M, el EAIDAR] AFP #AbE
o83} Q17 wjo} E7IME T vl A gte] wis] Azt
Atk ZdskAl 2E = on(Fig. 2B), TG EAAAR]
Brachyury -3¢t ulid EA AR Tubb3 #3249
A, v1EE AxF wjol EVIAELH AT e st
A Edg v, vlx 2 oM E e 2 s e Es
B HFig. 20). WebA S8l AAIRE Fdas A
< BAL B8, gAY dFEo] cavity FElQ Acti-
vin-A A7) Z$-(Fig. 1B), AGAE A7t 0% &
3k Qe Ag FEE F AR H(Fig. 2B-2D), 5o)F
o= Fujdg AEe] WHol I AL AN 5 U
(Fig 2C) (Yang 5, 2008; Cho %, 2007). ¥V, wi-dAle] o
Ho] cystic FEIQ] Activin-A H&]22] 7 $-(Fig. 10), ¥
Helgol nls) iAoz Falg, uide] Lo} o
HE e #aE Ao H(Fig. 2C 2D) SojF o2 o
A4 Al Ze) Aol A TUH AL FAE 5 A
UHFig. 2B)(Conley &, 2004; Sachlos®} Auguste, 2008).
7] AREFE, udA B3 g A2 Activin-AE H]
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Fig. 2. Gene expression patterns of Activin-A treated groups for
plutipotent and germ-layer genes as detected by real-time PCR.
(A~D) Real-time PCR for pluripotent gene (Oct4) and three germ-
layer genes such as alpha-fetoprotein {AFP; endoderm), Brachyury
(mesoderm) and Tubb3 (ectoderm) using samples obtained from the
differentiated EBs by each culture condition at day 8 demonstrated
that endoderm specific gene, AFP, was up-regulated in the Acti-
vin-A treatment group compare with the hESCs or non-treatment
group as a control. Individual values were normalized to GAPDH
gene. Data are presented as fold difference compare with the hESCs

group (n=6 per group). * p<0.05, ** p<0.01, ** p<0.001.

T3 FHAe 2l el s A Bosix] o, )
g 28 fdA 7 58], Wiy d A 2d sEd
TR AR FeArhe g 9P S YA

Activin-AO|| 23 HIAA| L{oM2| LIHIA Mo whal mjf
B A EET 2y

ActivincrA A ]9 wiFAlelA] F7HE WugAd A
o] 2 A EEEE A 93, Activin-A 2]
T3 HA oM cystic BIAE s o] 39
Octd, HHiEd AE Eo] gAQl AFP, widAlel FHd
FolHer ddse gy AX So] A9 Tu1€
ol&3te] AP oR FA3IQT). 3} So] g
Oct4®] 739, Activin-A B X279 cystic vlAAl) 4] oF
A SEEE A} BAEJ o (Fig. 3A), HETolA
© Octd TAANEE #FFY 5 {IAHFg. 30). WaldA
5ol A AFPY) 7%, A7 8329 cystic WA
BS54 AFP HEAE7} #AHYoH, 53, AT
cystic #lFAo A €] AFP W& o] Bl A 2T cystic HIAA|
®o}h 24 AL 308 4 A3UthFig. 389} 3D). whebA,
Activin-A A 2ol ]3] A H cystic WA} w22
cystic B FA R YA X 237 S180%E A
S & g YUtk Y Sol A Tu19] 39, A9
cystic WA ol ]3] B]A 2T 9] cystic WlAFA| o)A 7351
FHHE e 9% 4+ UATHFg 3A-3D). mhebA,
Activin-A A 2]9)) ol3] WuldA ME7} 713 cystic Wl
FANME Auldd Ao @Fo] A FhdrE A
S & Uk A7 B, fA 3 A" v
B3 (Fig. 2A-2D)& R 01, Activin-AE cystic ¥l 2]

Fig. 3. Expression pattern and distribution of pluripotency and
markers of the germ layers in cystic EBs of Actvin-A treated and
non-treated groups. (A~D) The pluripotency marker, Oct4, ecto-
derm lineage marker, TuJl, and endoderm lineage marker, AFP,
were shown to have significantly different expression and distri-
bution between Actvin-A treatment and non-treatment as a control
groups according to the immunocytochemistry results. DAPI stain-
ing indicates nuclei.

A& S7AHF A gAY Axze] B3 &3
A7led adFolg= A A+ JIAUTh
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He NE9 HA|

WA AE7}F SolF oz s B EE Activin-
A AT A NA e WagA AERE 5344
o2 B $13kd, Activin-A H i) widAE e
812 2.2 non-cystic? cystic WA 2 k] Aetglol
FEE g HAlel F-2Fate] AFP HEA XS] FFE WY
dMPoz F4agich. wFg o F2E non-cystic
cystic ¥IFAE F-&E P& FAHLE dusters}t mono-
layer F-E 0.2 FE3to, AFP 2 e |y GAge
2 2485th 7249 non-cystic #14A19] -, mono-
layer &A= ohbet Alxe] Fe7t B2 Y o v (Fig.
44), HY G Ao A AFP HAAH X7} monolayers] 4
FRAARE EA5H Qe S A 5 A THFig. 4B).
HhH, B2 cystic W]3A19] 7941 monolayer F-#
X #dg B NE7t BEST e AL AFHY F
AR LM (Fig. 4C), W2 monolayer F-HNA Eo]
o7 AFP WAL A5 e AE ddYE
T3 & 5 AATHFig. 4D). ¥2E non-cystic HJ-FH| <}
cystic ¥IdA9] duster®t monolayer F-£& E@|Ho=
5k, AFP 7R 28 FFE AN FEEL: A4
g BAUE ol 8st 2AS 23, Aoy er Fad
cystic ¥}’ 9] monolayerc] Al AFP f-dx}e] &de] 7}
T EL S A & IUHFig 4E). 7] A2 R,
ActivinlA A9 cystic WAAE MYz FEG
F, 97 717 W FEANA kst monolayer H-3<]
AT e BYH ez FEdte Ao AEE )
e AEE a3z AT § dE WYgolet da
N5, B o Fed AEE AR YA &
AE W, 3 FHE A/ iigH ke 2S¢
T U ST (Fig. 5A), AFP LFALE HEIMHPoz 2
A 23 AA AE F 70% A=) HE7} AFP7} L
= WugA AEdes ¢ 4 vk (Fig. 5B} 50).
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Fig. 4. Specific localization and expression pattern of the AFP-ex-
pressing cells in the attached cystic EBs. (A~D) The ectoderm li-
neage marker AFP was specifically localized and strongly expressed
in the monolayer region of attached cystic EBs comparison with
cluster region of attached cystic EBs or attached cells of non-cystic
EBs. Comparison of the expression patterns of AFP genes for
isolated two type cells (cluster region / monolayer region) derived
from attached cystic- and nen-cystic EBs using real time PCR (* p<
0.05).
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Fig. 5. Purificaion of AFP-expressing cell populations derived
from the induced cystic EBs by Activin-A treatment. (A) Mor-
phology of isclated monolayer region cell populations from atta-
ched cystic EBs by using micro-dissection method, and expression
of (B) AFP-positive cells in immunchistochemistry result. (C) Mea-
surement of purification efficiency as the AFP-expressing cells amo-
ng DAPl-expressing cells in Fig. 5B (* p< 0.05).
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Auguste, 2008), mesoendoderm #3842 48 vjehdn}
¥ 237t 9cKConley 5, 2004). ¥ 7S gubzol
cavity W4 A|(Fig. 1B)E 2T 0.2 o] &&ted, Activin-A
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2; s
% vk dEie] AzF o} Eﬂﬂbﬂzlg 6AYE Ac-
tivin-A 712l Aelol o) Wi A X &
£7P B2 cystic MAA] 31 &S 0% ol 7R
(Flg 6B), WA B AMEe] BE7 @2 cystic bl
/‘%ﬂ] ghe e o g 7Rt Aetdo] ZRE G A
o] 2}k ‘?:lx" 71Zb WigE AXE F, AFP 2EA YR
F45 o E monolayer Fi TS EEAQ] WioR
st 33& BlFig 6C) 70% o9 1k e
A AETE AT 5 S THFig. 6D). £ AT AHEZ R
E|, Activin-A 4324 Weldd Y] AE 23tol] a4
o7 olgd g loH, HoAx —1‘?':”“71%:% 53 AFP
&3/‘%]_:_4 o 4% ZAYete Bl o g B AA s Wy
& A E Bol ZHAAZ} ol FAE BM71E T3 Wl

A4 NEE 24%1]%‘ Sl AHANA aan JeigA
AEE g oz AT F# J& gotdes o] 4

Ug Ao %‘%EID%, olel g EIPE2 WulEA AT

A.hESCs cuiture

D, isolation of ELCs
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SN

Fig. 6. Model for the highly purified AFP-expressing cells derived
from hESCs by Activin-A treatment. (A) To initial induce the
differentiation of undifferentiated hESCs, cells were formed EB in
suspension condition. (B) And then, EBs were subsequently cultu-
red in EB media supplement with Activin-A for 3 days. After
treatment of Activin-A, cystic EBs began to appear over 60% of
total EB formation. At this time, endoderm lineage marker, AFP
were highly expressed and specifically localized at the surface
region of cystic EBs comparison with control EBs. (C) Post-plating,
these AFP-expressing cells migrated into the outgrowth region of
attached EB. (D) Next to obtain the AFP-expressing cells of the
outgrowth region, we manually isolated by using micro-dissection
and cultured them. (E) These cells strongly expressed AFP over
90% of isolated cells post re-plating.
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