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Differentiation and Apoptosis of the Mammalian Embryo and
Embryonic Stem Cells(ESC):

I. Establishment of Mouse ESC and Induction of Differentiation by
Reproductive Hormones
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Moon Kyoo Kim and Yong-Dal Yoon "

Department of Life Sciences, College of Natural Sciences, Hanyang University, Seoul 133-791, Korea.
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ABSTRACT : Embryonic stem cells(ES cells) are derived from the inner cell mass(ICM) of blastocysts, which have the potentials
to remain undifferentiated, to proliferate indefinitely in vitro, to differentiate into the derivates of three embryonic germ layers. ES cells
are an attractive model system for studying the initial developmental decisions and their molecular mechanisms during embryogenesis.
Additionally, ES cells of significant interest to those characterizing the various gene functions utilizing transgenic and gene targeting
techniques. We investigated the effects of reproductive hormones, gonadotropins(GTH) and steroids on the induction of differentiation
and expressions of their receptor genes using the newly established mouse ES cells. We collected the matured blastocysts of inbred
mice C57BL/6J after superovulation and co-cultured with mitotically inactivated STO feeder cells. After S5 passages, we confirmed the
expression alkaline phosphatase(Alk P) activity and SSEA-1, 3, 4 expressions. The protocol devised for inducing ES differentiation
consisted of an aggregation steps, after 5 days as EBs in hormone treatments(FSH, LH, E;, P4, T) that allows complex signaling to
occur between the cells and a dissociation step, induced differentiation through attachment culture during 7 days in hormone treatments.
Hormone receptors were not increased in dose-dependent manner. All hormone receptors in ES cells treated reproductive hormones were
expressed lower than those of undifferentiated ES cell except for LHR expression in Ep-treated ES cells group. After hormone induced
differentiation, at least some of the cells are not terminally differentiated, as is evident from the expression of Oct-4, a marker of
undifferentiated. To assess their differentiation by gene expression, we analyzed the expression of 7 tissue-specific markers from all
three germ layers. Most of hormone-treated group increased in the expression of gata-4 and « -fetoprotein, suggesting reproductive
hormone allowed or induced differentiation of endoderm.
Key words : Embryonic stem cell, Embryonic body, Differentiation, Endoderm, Steroids, Gonadotropins.
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gto] ESCE 4 AEE Z37]7] 8 d750] &ds
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AEZ 9 Esl7b | ZHH(Bain et al,, 1995; Fraichard et al,
1995; Strubing et al., 1995; Brustle et al., 1999; Lee et al., 2000),
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2 oA Z(Doetchman et al., 1988; Maltsev et al., 1993)=
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et al, 2000). =3+ ESColl BMP(bone morphogenetic protein)-2
U BMP-45 A8t AFA E(Kramer et al., 2000), 874
g A X2 By} FEHTHWiles & Keller, 1991; Johansson
& Wiles, 1995; Nakayama et al.,, 2000). ESCH]%tA] hemato-
poietic growth factors(HGF)1} vascular endothelial growth factor
(VEGF)E Azlstd, Wy A¥7 2315 I(Risau et al,, 1988;
Yamashita et al., 2000), transforming growth factor(TGF)- 8 1}
platelet-derived growth factor(PDGF): T4 Lo 2 H31E §
T3le Ao 2 4#x AtkSlager et al., 1993; Hirashima et

al., 1999). Dexamethasone, 7] A £, steel factor 52 o]&
st WepdA 22 318 FE8 d7% B35 )T Yamane
et al., 1999).
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EEY G i d7e AY YA FSHF GZE A%
Z4&A7|w, Wige A8, LHe dad 7238 Azd 2

Sotod Wi TE FAE P45, progesterone(Pa) S Fu] A7)
o LHE A4 Leydig Al 2ol 2H-g3lo) T2 A9 §H41 5
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2. Zhjo| 28|

C57BL/6) AF & & FE5 9181 929 B7do] PMSG
(Sigma) 5 TUE FA}sL 2, 46~48A]17F & hCG(Sigma) 5 IUE
FAt @S R F SR FARAAG. 1247
A o] Q"JL YAEL hCG FAE T 964 7HR) o %’—Zr—'M
2 A $ saad AFe qzso0, 10% foul
bovine serum(FBS, Gibco BRL)©] 3 3t% Dulbecco’s Modified
Eagle Medium(DMEM high glucose, Gibco BRL)2. 2 <=&hst
3 AAge BRSE TE FYAh

3. Feeder MZ2| H{Y U E&M3|

wolE /A E %S A3 feeder M EE STO(American
Type Culture Collection, ATCC)E A}&-3141 T}, Feeder M| 32
Hlj ¢Fell 2 DMEM(high glucose)oll 10% FBS, 0.1 mM MEM no-
nessential amino acids(Gibco BRL), 0.1 mM S-mercaptoethanol
(Sigma), 2 mM glutamine(Sigma), 100 U/ml penicillin(Sigma),
100 xg/ml streptomycin(Sigma)o] H7}E wjokd-g o] Lald]
37CE $A 8 95% £7)9)F 5% CO7F ZFH wj k7)ol A
o) FB L, 3~4duit) Athu) ke AAst%Th ESCY 2
MFS A feeder HEE FAHEIHOZE B8N
S8 A mitomycin C(10 gg/ml, Sigma)E 14]7} 308 EoF )
g8 5 ¥, Mg"7} Z8EA 9k PBS(phosphate buffered
saline, Gibco BRL)E | & -5 9(washing buffer, PBS-WB).2.
E 2~33] A8, trypsi/EDTA(0.25%/0.02%, Gibco BRL)
€ ol &3t FEFAT. TYH feeder A Z = 0.1%92] gelatin
(Sigma) 2.2 FYH platesf] [x10° cellsiom’ s HZ 8 o}
FAE ol&o FWH wAslsith

4. HHOKE 7| M =] &E

In vivoo| A #2318+ EujE= 0.5% pronaseZ £
7, 0.1%9] Aelo 2 FHH 24-well tissue-culture plateoi] A
%/\} gxoz EgAsE STO A 239} o gsla. 2
o et ICM2 797 AR ) A3 Z(in vitro outgrowth)
ICMT-2 s S0z Balstod 22 feeder
AT} YA WolZ AL el L PBS-WB
£ 2~-33] 443 5, trypsin/EDTAE 37T A 58 Zot
2ot} AEE ¥ A7 F PBS-WBE 2~33] fA stk
o] ME-E feeder MESL} FHAsIAT, 4~59 7HAOZ
A0 7 AAISHG . Wl o}& 7] Al £ DMEM(high glucose)
o 15% ES cell qualified FBS(Gibco BRL), 0.1 mM MEM
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nonessential amino acids, 0.1 mM A -mercaptoethanol, 1 mM
giutamine, 100 U/ml penicillin, 100 ug/ml streptomycin, 1000 U/
m! leukemia inhibitory factor(LIF, Sigma)o] H7}9 wj%el&
o)l g3t 37TE FA 8 95% 379} 5% CO7} F5F )
F71olA e, s gd S WY wA st

5. HIOIE7|M|EL| TH=HYQE

Feeder A E£7} §l= M F &7194 ¥R ESCE ¥H&
Ho 2 Aoz d5m s dASh dElY

AA| Fuf FA o T3 v ol & AFEFE, 95% T 5%
CO7tF 358 37T Wizl A wieFstsict. Adiui g 0
%4 AZtRlo R FEHE plates A3l 4~59 ﬁﬁii
MBS, w2 wid A st Tk

6. HHOLA|2l SHat 231

GEn) okl ESCE trypsi/EDTAZ ;-qa;sw_, 60 mm gm]
o} wjok&710] 1.2x10° cellymlZ HE3 5 59 To &
s gFate] ol 2 HEA A Il HE T 3YH H
g 7SR, Mokl 95% F7)9 5% COy7t 239
37C wj7)ol A wjokatsith. ESCE 60 mm Hhe) 2] o} wjok
2719 HFAHH FSH, LH, ~H 20|23 2 2 & A g s},
T3} FEAZT GTH A 2§ A7 GEASS ZE(thFSH,
Serono) 1 IU9] FEZ Hstgy, AZF Q7 SIS
EZ(thLH, Serono) 25 mU/mle} =28 A3tk AHE
O EFZRL Ey3.7x107° M), Py3.2x10™° M), T( 5x107> M)
9 522 Zt7} A28l thLavranos & Seamark, 1989; Sakkas
& Trounson, 1990). vjo}d] A Fol= 0.1%2 Aeeloez
SEH plateo| A 74 5 HlolA FAA A BE G
U vt S ol g3t FAwYEHTt TEE EE
u;}%__ =t /‘_Q_i.]] HL-&] ol:}\]-.o_ ol-o‘.E]] _?,]—3]_0:1 u].&.;v,}
£ =r 2 ESCol| X2l she] W) oksbadty: FSH(10 1U, 11U, 0.1
U); Ex3.7x107* M, 3.7x107° M, 3.7x107° M); Py(3.2x10°°
M, 3.2x107° M, 3.2x107" M); T(5x1072 M, 5x10~° M, 5x10~*
M). wobAl thz-e] wi bl ESC wi%E ) Al2slgd
AT L Ae ALt WAz B2 Y4
chamber slide(Nalge Nunc International)e]] A& 7& 2A0 7
wf Fakgich A2 o] Enitt wAlsgTh

7. RNA X&

Mg MEE RNA 852 98} TRIzol™(Gibeo) 400 4l
olM o2 A Yste] NEE L818 T, 4TAA 158 &
b AAIAI AT 40 p19) chloroform(Sigma) S H 78t &, 30%
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20Tl A 307 Fet AAAIZT 14,000 rpm, 4C<>M SE
T AAEAR A, ASAE ARSI, 0% N2 FA)
g & AZAZT 30 419 33 FHRFE JAES AT
FINEFLE AES tAa} FAE A AHAAM 74 =
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8. Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

B 7oA 853 RNAE 70T A 108 F9t w35t
HAANZAT WAE RNAE 20 U/ 2l AMV, 5xAMV RT bu-
ffer, 10 mM dNTP, 40 U/ gl RNasin, 0.1 M DTT, Random
primer p[dN]s 5 Boehringer Mannheim(BM, Germany)#| &%
s ¥t 2TAA A T3 JHAL
S FAFATh HAL ukS &
¢DNA, 10x PCR buffer, 5 U/ pl Taq polymerase(BM), 10 mM
dNTP(BM), 3%} S-F¢t ZH2he] M= F8AY pri-
T3

(reverse transcription, RT) ¥

merS-2 o] £t polymerase chain reaction(PCR)S

Table 1. Primer sequences of hormone receptors used for RT-PCR and the sizes of their amplification products

Gene Primer sequence Preduct Restriction Digested
Size enzyme size
FSHR* Forward 5'-aatacacaactgtgcattcaac-3' 321 bp
Reverse 5'-atttggatgaagttcagaggtt-3'
FSHR nest* Forward S-tttggaagaatigectgatgat-3' 175 bp Neol 91, 84 bp
Reverse 5'-catgacaaactigtctagacta-3'
LHR* Forward S'-gggctggagtecaticagacg-3' 453 bp
Reverse 5'-cagtttataacgactggtcag-3'
LHR nest* Forward 5'-aattcaccagectactggttg-3' 383 bp
Reverse 5'-cagfttataacgactggtcag-3'
ER ¢ Forward 5'-ggtaaatgtotegaaggcatgg-3' 491 bp
Reverse S'-gaatgtgctgaagtogagetgg-3'
ER ¢ nest Forward 5'-tgcagggtgaagagtitgte-3' 242 bp Pstl 175, 67 bp
Reverse 5'-tttgttactcatgtgecgga-3'
ER 3 Forward 5'-aagtgcgtegaaggeatictgg-3' 402 bp
Reverse 5'-tcgaagegtgtgagcaticage-3'
ER nest Forward 5'-tgtgtgtgaaggecatgatt-3' 246 bp Xmnl 146, 100 bp
Reverse 5'-tcatgetgagcagatgttee-3'
PR Forward 5'-ccagcatgtegtctgagaaa-3' 453 bp
Reverse 5'-atgcttgtacgacctecacc-3'
PR nest Forward 5'-gagcattgagectgatgtga-3' 153 bp
Reverse 5'-tgtaagttceggaaacctgg-3'
AR Forward 5'-caacttgcatgtggatgacc-3' 410 bp
Reverse 5'-ggagcttgptgagctggtag-3'
AR nest Forward 5'-atgagtaccgeatgeacaag-3' 158 bp EcoRl 96, 62 bp
Reverse 5'-atttttcageccatecactg-3'
B -actin Forward 5'-gtpppccgctetaggeaccaa-3' 540 bp
Reverse 5'-ctetttgatgtcacgceacgatttc-3'

FSHR, FSH receptor; LHR, LH receptor; ER, estrogen receptor; PR, progesterone receptor; AR, androgen receptor; *, FSHR, FSHR-nest; and LHR,
LHR-nest(Patsoula et al,, 2001); ER ¢ and ER @ nest, NM_007956; ER3 and ER 4 nest, NM_010157; PR and PR nest, NM_008829; AR, X53779;

B -actin, X03765. bp means base pairs
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g vEZA=F 3282 F&A(follicle stimulating hormone re-
ceptor, FSHR), HA| 8 A & 2 & 42 A(luteinizing hormone re-
ceptor, LHR), o ~EZ A &3] ¢ (estrogen receptor @, ER
a), N-EZH £L7 Bestrogen receptor 5, ERB), T&
A ~EE 4=8H|(progesterone receptor, PR)SH, St=24 &
A (androgen receptor, AR) primer+ Table 19 VeRY it} n
H3} ESC marker gene(X A4 2101 Oct-4, G UM E FA S
AR handl, 1WA BA KA keratinD fgf-3, S}
A EARFAAR enolaseSt a-globin, 18] 3 WEigA EX
TR gata-49}F a-fetoprotein 5-2) primer+ Table 20 W}
BRASL, 919] primerE o] &3] PCRE F33tAth. PCR
o ¥hg 22 Z2E FEA 9 ¢ 13 PCRE 94T, 10
=9F A A(predenaturation, P) #3S AR %, 4TE |8
%<t ¥ A(denaturation, D), 55CE 18 29t Z3H(annealing,
A), 72TC2 18 5% §/d(polymerization, Po) #3 & 3+ F7)
Z 3538 AASYIL, AXHOZ NTE 108 Fo A%
(extension, E) 34 & F3sIHth L2 444 9] 23} PCR
2 P94, 105) - D(94C, 15) - A(55C, 1), -Po(72C, 13
AAL 3 F7)12 303 AAEAT, F2ALZ KT, 10

Table. 2. Primer sequences of differentiation markers used for
RT-PCR and the sizes of their amplification products

Product
Gene Primer sequence r(f v
SiZ¢
Oct-4 Forward  5'-tgaccgcttectegtgetttacg-3' 545 bp
S'-gecttectctata; tee-3
Reverse geettectctataggttgggetee
handl Forward  5'-ttgaaggctegactcaaggt-3' 553 bp

Reverse  5'-gaggtagaaagapgptepoe-3'
keratin Forward  5-tgatcagcagtgtggaggac-3' 530 bp
Reverse  5-cctggaactctgactttgge-3'

g5 Forward  S'-cgtttettegtettetgec-3' 501 bp
Reverse  5'-tgaacctgggtaggaactgg-3'
enolase Forward  S'-getgetaaagacagecatee-3' 613 bp

Reverse  S-acggaactttcttccagcaa-3'

a-globin Forward  5'-aagccctggaaaggatgtit-3' 353 bp
Reverse  5'-ggcagettaacggtacttgg-3'
gata-4 Forward  S5-tgtgecaactgecagactac-3' 552 bp

Reverse  5'-cgagcaggaatttgaagagg-3'
afetoprotein - Forward  S'-agetgegeticttaccagac-3' 563 bp
Reverse  5'-ggagatgtttasacgeccaa-3'
Oct-4(Nichols et al., 1998); keratin, AF264006; fof-5, NM_010203;
handl, NM _08213; enolase, BC013460; g-globin, L75940; gata-4,

NM_008092; @-fetoprotein, NM_007423. bp means base pairs.
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) 34 S FY8). facting, 23 BAF-AR} T handl,
enolase, ¢-globin, gata-4%} o -fetoprotein P(94TC, 10%) - D
(94°C, 30%) - A(64C, 30%), -Po(72TC, 30%) FA <L & F7)
2 353 AAEgly, #FHo2 EMNT, 108) 43S 79
A Oct-4= 7+ 2702 F7% 25382 24 443}
Atk YA 3 X FAA F kerating} fof-57 P94AT, 10
) - DO4AT, 30&) - AB5T, 1&), -Po(72T, 1&) AL 3t
F71=2 303 AASAL, AFHOE KN2T, 108) A3
T3

RT-PCR ZA3-E Bio-print with color Bio-captZ ©°] &3}
A2 & BiolD version 99 T2 18-S o| &3} Aealgit)

9. Alkaline Phosphatase 42| ZXIsl5HA &t

wjo}= 7| A £ 9} alkaline phosphatase 89S %2 31847 1}
He 5o &9tk MEE PBS-WBE o] &3] 2~33)
FAZE F 4TolA 30 §<F 4% paraformaldehyde(PFA,
Merck)ol] A A7t PBS-WBE M3 & 2 ml9) 0.1 M
Tris-HCI(pH 8.2)0)| Fast Red Tablets(0.5 mg naphthol substrate,
2 mg Fast Red chromogen and 0.4 mg levamisole, Boehringer
Mannheim, Germany)S =< F A& A 15~30% < A
ale] WAL FEAAT BASL TrisEDTA(TE,
pH 7.5)2 sAlste] FAANZ L

10. HHOIAIZ] SOI&H &4

Hj o} 7| M| £ = PBS-WBE 2~33] 343 3 4T A 30
B Zol 4% PFAS] 78 AZAT 1A T 2~33] PBS-WBE
A g & 12} 8FA <l SSEA(stage specific embryonic antigen)
-1 antibody(F9 teratocarcinoma stem cells), SSEA-3 antibody
{4~8 cell stage mouse embryos)9}, SSEA-4 antibody(human
embryonal carcinoma cell line 2102 Ep, Hybridoma bank, Univ-
ersity of Towa)S ZH2} 1:5000. 2 34 3ld Ao A] 1417} 30
& ot WhZAIZ T ThAl PBS-WBE 43} 23} Hal
anti-mouse IgG-AP 1:1000.2 3]4is}e] AL2oA] 1A]7} 30%
F SR & PBS-WBE Al Atk 33} 84 ¢ anti -goat
IgG-HRP, anti-rabbit [gG-POD+= 1:1002.2 77} 3] &te] AF
A 1217 307 5ot ¥HEAIZ1 & PBS-WBE 424 31 % T
3,3“Diaminobenzidin(DAB) & Al&-&le] WAzl & g4 A
A& Atk LS TEQpH 7.52 A8t $HA
Hrh

1. YAS2E SEH2 &l

Z 2285 A st w43t EBE chamber slidesiA] i
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ofl S A AS E, PBS-WBE 2~33] 54 38}1, 4% PFAS

[e}
H7H8 5 4T oA 308 9 A A7t} PBS-WBE 2~33]
FA & F 0.2% Tween 20(Sigma) .2 A1-2-0] A 303 £¢} Ht

A AT PBS-WBZ #AS § 13 FAA
anti-mouse FSHR antibody, polyclonal rabbit anti-mouse ER ¢

polyclonal goat

antibody, polyclonal rabbit anti-mouse ER £ antibody, polyclonal
rabbit anti-mouse PR antibody(Santa Cruz), polyclonal rabbit
anti-mouse AR antibody(Affinity Bioreagents. Inc)= 1:1002.2
gl Mdate] zhzh Aol A 1A FF §HEA A th PBS-WBR
2~33] A3 F, 23 A2 FSHRE anti-goat 1gG-HRP
(Santa Cruz), ER, ER, PR3 AR anti-rabbit IgG-POD(Boe-
hringer Mannheim GmbH)E Al&3}e] Z+2z} 1:1000.2 343}
o] Ao 14]7F Et vt A AAT) PBS-WBE 2~33] 44
3t %, DABE o|§-3ta] A AZh B gkE-& TE(pH 7.5)
2 FAste] AR

A=
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1. HHOIET| M 2]
)9} feeder M| ZTE Zujokila] 2 o), ¥uj+ feeder
AEo BFsigon, 22 F 6d Ao JFAME M
A2 Fee 9 HA TAFE & F AAHFig 1A). A)

232 A T gl g T AMEkA 3, ESC colony 9t &
2% 4 JUSItHFig. IB). ESC= 52

A gels B &%}

Fig. 1. Photographs of mouse ES cells. (A) Mouse blastocyst with
inner cell mass(ICM, arrow) and trophectoderm around ICM attached
to a lawn of mitotically inactivated STO feeder layer, (B) mouse ES
cells after subculture ES cells, (C) mouse ES cell colonies after 5
passages of culture. (D) Histochemistry of alkaline phosphatase. Scale
bars represent 100 zm.

o T "’

243 44

Fig. 2. Expression of stage specific cell surface markers of mouse
ES cells. (A) Negative control. (B) SSEA-1. (C) SSEA-3. (D) SSEA-4.
Cell staining intensity varied within and between colonies. Scale bars

represent 100 ym.

Wzl 59 Ao Ay Adplostidon, 5~6 AW £
ESC E2UE AT & AAUTKFig 10). Wot&7A L &
Q12 9)all 4813l alkaline phosphatase 42 ZAE 43
745k RANES-S B HcKFig. D).

Y3 ESC E0]3 ®4] v A<l SSEA-L, 3, 48] ML
s}etuteS zalatdth B Agolx &3 JHY1 ESC line
& SSEA-10]|A] kduh--2 B 97 (Fig. 2B), SSEA-3(Fig. 2C)
9} SSEA-4(Fig. D)ol M= +4W5S Euch €9 23,
JHY1 A Z& vjol&7| A 29}t fALeE B4 7ML s
gelstAet.

A

O

fus

2. HIOFE7 (M= BalA| dAlS

8¢9 JHYI ESCE feeder xﬂia} ujj o It
Bl FS AA feeder XS EHAFTE o)F 7—?’4-‘4 s=¥
o A7t wickdo Al 53U Fob RRuks Ak, wjo}
A7 59 HAAH AS @A stel A B thFig. 3).
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Fig, 3. 5-day-old embryonic bodies by suspension culture of mouse
ES cells. Scale bar represents 100 ym.

M ESC FSH LH E; P, T Con

FSHR

Fig. 4. Expression patterns of hormone receptors after hormone
treatments(FSH, LH, E,, Py, and T) in mouse ES cells. RNA sam-
ples from ES cells, 5-day-old EBs, and 7-day-old differentiated ES cells
were analyzed by RT-PCR for expression of specific receptors. RNA
from ES, 5-day-old EBs, and DE cells treated with GTH(FSH, LH) and
steroid hormones(17 8 -Estradiol, E; Progesterone, Py; Testosterone, T)
were analyzed by RT-PCR for expression of their hormone receptors
and [3-actin housekeeping gene. M, marker; ESC, embryonic stem cell;
FSHR, FSH receptor; LHR, LH receptor; ER ¢, estrogen receptor ¢
ER 3, estrogen receptor 3; PR, progesterone recepior; AR, androgen
receptor; Con, control; bp, base pairs. Positive control of FSHR, LHR,
ERe, ERfS and PR is ovary while AR is testis.
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Fig. 8. Analysis of expression of cell-specific genes in mouse ES

cells treated with gonadotropins and steroid hormones. RNA from
ES, 5-day-old EBs, and ESC treated with hormones were analyzed by
RT-PCR for expression of seven cell specific genes and S-actin
housekeeping gene. The genes were categorized by their embryonic
germ layers. Positive control of FSHR, LHR, ER o, ER 8 and PR is
ovary while AR is testis. M, Marker; ESC, Embryonic stem cell;
hand]l, trophoblast marker; keratin and fgf.5, ectoderm markers; enolase
and a-globin, mesoderm markers; gata-4 and a-fetoprotein, endoderm
markers. Results are shown the effects of FSH, LH, E,, Ps, and T on
the expression of seven genes. bp represents base pairs.
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