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Parthenogenetic Mouse Embryonic Stem Cells have Similar Characteristics
to In Vitro Fertilization mES Cells

Sepill Park’, Eun Young Kim', Keum Sil Lee', Young Jae Lee', Hyun Ah Shin’,
Hyun Jung Min', Hoon Taek Lee?, Kil Saeng Chung?, Jin Ho Lim®

Maria Infertility Medical Institute / Maria Biotech’, Seoul 130-110, Kon-Kuk University®,
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Objective: This study was to compare the characteristics between parthenogenetic mES (P-mES)
cells and in vitro fertilization mES cells,

Materials and Methods: Mouse oocytes were recovered from superovulated 4 wks hybrid F1
(C57BL/6xCBA/N) female mice. For parthenogenetic activation, oocytes were treated with 7% ethanol
for 5 min and 5 pg/ml cytochalasin-B for 4 h. For IVF, oocytes were inseminated with epididymal
sperm of hybrid F1 male mice (1X10%ml). IVF and parthenogenetic embryos were cultured in M16
medium for 4 days. Cell number count of blastocysts in those two groups was taken by differential
labelling using propidium iodide (red) and bisbenzimide (blue). To establish ES cells, blastocysts in
IVF and parthenogenetic groups were treated by immunosurgery and recovered inner cell mass (ICM)
cells were cultured in LIF added ES culture medium. To identify ES cells, the surface markers alkaline
phosphatase, SSEA-1, 3, 4 and Oct4 staining were examined in replated ICM colonies. Chromosome
numbers in P-mES and mES were checked. Also, in vitro differentiation potential of P-mES and mES
was examined.

Results: Although the cleavage rate (=2-cell) was not different between IVF (76.3%) and
parthenogenetic group (67.0%), in vitro development rate was significantly low in parthenogenetic
group (24.0%) than IVF group (68.4%) (p<0.05). Cell number count of ICM and total cell in
parthenogenetic blastocysts (9.613.1, 35.1£5.2) were signficantly lower than those of IVF blastocysts
(19.5%+4.7, 63.2113.0) (p<0.05). Through the serial treatment procedure such as immumosurgery,
plating of ICM and colony formation, two ICM colonies in IVF group (mES, 10.0%) and three ICM
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colonies (P-mES, 42.9%) in parthenogenetic group were able to culture for extended duration (25 and
20 passages, respectively). Using surface markers, alkaline phosphatase, SSEA-1 and Oct4 in P-mES
and mES colony were positively stained. The number of chromosome was normal in ES colony from
two groups. Also, in vitro neural and cardiac cell differentiation derived from mES or P-mES cells was

confirmed.

Conclusion: This study suggested that P-mES cells can be successfully established and that those

cell lines have similar characteristics to mES cells.

Key Words: Mouse embryonic stem cells, Parthenogenesis, IVF, Inner cell mass (ICM), Immunosurgery
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Hybrid F1 (C57BL/6xCBAN) &3 ol 5 LU. pre-
gnant mare serum gonadotropin (PMSG, Sigma)& 27}
o FALGE 3 48413100 5 1U.2] human chorionic
gonadotropin (hCG, Sigma)& F-AFIEt} hCG F-AF
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wol A2 B9t 433 AT E40] FrEd di-
ploid &=+ MEl3le] 4% BSAZ; £38HO] &
M16 BiFHol A 4 F<k wiFste wiNbE el S
#5319l (Figure 1B).

(2) AMA+Y [N HHLIET|H] A4k

Ao 2 AF otV IAEZE ¥ H3A,

i F = = g A5 FAE hybrid F1
(C57BL/6XxCBA/N) 75 AAAA A @2 e
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Al A 2g M16 W FR o2 A 49 <)
Fated dold w7 ME £ Ao FAEAT
(Figure 1A).
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#9| differential labelling &Y

AR T e G F Askd vy
o] AREE FAHOR XA 95, diffe-
rential labelling WS o] &3to] WHRAT =9 ok
gAY A £E vyt GAHEE D
3] Ao R, dAte] FH Ui 0.1% pronase (Sigma)
2 A A3+ D-PBS (Gibeo)oll A 303 FoF 3 &S
F=% ¥ 15 mM TNBS (Sigma)?} 4 mgml PVP
(Sigma)7} ¥3}5o] 1= D-PBS oA 10~15%
A HRSAIZTE WHEo] fEE WA 0.1 mg/ml
anti-DNP-BSA (ICN Immunobiological)o] £¢] 3l
37C D-PBS oA 108 &<t MFHAL, A4
njeFeRo g S35 AH e ¥ 0.01 mgml propidium
iodide (Sigma)2} 10% (v/v) guinea pig complement (Si-
gma)7} £ 9l D-PBS &R0 S 37T A
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A= 0.05 mM bisbenzimide (Sigma)7F 9] 1= ab-
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Moz @ad Ae #ESIAT (Figure 1IC, D).
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Mgt F o] g3tk
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7} 1000 unitymi] LIF (Chemicon)”} £°] 9Ji= DM-
EM (Gibco, high glucose 4.5 g/L, no pyruvate)o§A] 1}
d AAMsHA W= en, W F FPE WAl
%31 22YE A2 STO /HAZ o =
kA2 &4 FAUck olgh B WRARES &
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(2) Alkaline phosphatase E4x &3
Ao FA T AR FRE WelET AR
(Figure 1E, F)9] #l¥3} 54& 3sl7] $lsted v
B3 A xe] FAJAR Fol A8 alkaline pho-
sphatase?] BAEE ZASIITE BlolE7 AR 3
AYE F2YUE 4% formaldehyde (Sigma)oll Al 155
FQF 314k F PBSE o] &3k A& o]F
Fast Red TR/Naphthol AS-MX (Sigma) € 7|ER
15~30% B¢ wHgAlA 1 whg AEE #9)F 3§
ol A EI8IdT} (Figure 2A).
(3) SSEA—1, 3, 4 &8 /T &0
i 23al 549 wje}E7IEE ARSI stage-spe-
cific embryonic antigen{SSEA, DSHB) 1, 2 Z18]1 3
& olg3te] BEEITE AR DAL AoA
freld wiolerINEE FAHE FEUE 025%
trypsin-EDTAE X 2|5}3L cover slipol plating%t 5 48
A)ZF vjokalgich o)F PBSE AH8lal, SSEA-13}
SSEA-39] BAE AAIEY] Y8 DB R 100%
ethanol & AH8-519 2.1 SSEA-4E 90% acetone S Ak
£t 158 B2t 38 ¥ PBSE AFqith A
FAE 1:209] FEE 37ColA 608 Fot HbgA]
ZAch gap Ao gt vk F =& SSEA-19] 7
% rhodamine (TRITC)-conjugated goat anti-mouse IgM
(1: 100, Jackson)E AH8-3}%1 .7, SSEA-39} 4+ flu-
orescein Isothiocyanate (FITC)-conjugated goat anti-mo-
use IgG (1:100, Jackson)E 37°ColA] 308 F<F b
SAA 3 @07 sl vhE AEE ST
(Figure 2B).
(4) Oct—4 wsl | ol
v 235 §A4e wjolEv| AR EAH o2 %
5= Oct4 (ocatamer-binding transcrition factor-4) &
d 478 AR2AHE DY (immunohistochemical
staining) O & AA8IATE A L4A 1}t Aol A
FAE wolEriAER F4HE F2YE 025%
trypsin-EDTAZ A28} cover slipell plating?t ¥ 48
A3t vl oFat3iTh, 4% paraformaldehyde (PFA, Sigma)
2 158 Bt 48R 0.5% triton X-100 (Sigma) &
Ho g 108 FU¢ AFAIZ F, 5% normal goat serum
9.2 1A} blocking 3HTh PBSZ M A g F Oct4
A (Santa Cruz, 1:50)F 37ColA 608 F4¢F kg

-132-

AR Oct-40] et W& AEE FA3517] A8
FITC-conjugated goat anti-mouse IgM (1 : 100, Jackson)
& o) g8 x, Ae 4% AvF shlx st
oo} (Figure 2C).

(5) BMH A

Ao at GdAYol A g wlolE7 A EY
ARAE &AQlE] As vlolErHER FAHE
z2Ur} 9= v Aol colcemid (Gibeo)E H7}
g 3 37°Co)A 3A1ZF Fet vl gEIgth 2 F sera-
perE o438t} ZEUE Eo} 15 ml comical tube
(Falcon)°ll A 2,300 rpmell 4] 887+ Y E2E 4
ATk o) F wjokalg AAG T AFEHE 37C
o} water batholl 4] 15~20% E<F Ak A%
A AxE 2N (L Y22=3: 1)olA
IR F, slideo] AEE HED 1A E<L aging
A7, 0% 0.05% trypsin-EDTAE 85} Gimsa
(Sigma) $902 GTG-banding AN & F @r]A
oA FAA $& BT (Figure 3A, B).
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(DMSO)YE 742t 497 Hslirt (@-4+). B3 7
= 4zt ARA T} ATHE 23} vjofde] ¢
o} AT

(2) 23t &l
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paraformaldehyde (PFA, Sigma)Z 15% < A8t
L 0.5% triton X-100 (Sigma) &A= 108 B¢ 3
EAZ) %, 5% normal goat serum @& 1 A]Z} blocking
3k 14 GA2E AR T R £4
A2 4] anti-MAP2 (mouse IgG, Sigma, 1: 1000)9} A1
ARZAER A e AAILAHE (astrocyte)ol]
gt §2] B2 A anti-GFAP (rabbit 1gG, DAKO,
1:200)0] 2%t} gk ASZAELE gQlalr] A3t
o] muscle actin®] g+ E0]4 0] 9= anti-sarcome-

ric a-actinin mAb's (1 : 100, Sigma)Z AM8-8+91 31, o
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Figure 1. Establishment of in vitro fertilization mouse ES cells (mES) and parthenogenetic mouse ES cells (P-mES).
In vitro produced mouse blastocysts by IVF (A) and parthenogenesis (B). X150. Differential staining of mouse
blastocysts obtained after IVF (C) and pathenogenesis (D). Blue color represents ICM cell and red color is tro-
phectoderm cell. (C) ICM cell no.=25, total cell no.=62, %<300. (D) ICM cell no.=13, total cell no=41, *<300. Colony
of mESO1 (E, 15 passages, >400) and P-mES02 (F, 20 passages, ><200).

-133-



C

Figure 2. Characterization of mES or P-mES cells.
(A) Alkaline phosphatase stained mES01 cells. (B) SS-
EA-1 stained P-mESO02 cells. (C) Oct4 stained P-mES02
cells. <300.

Figure 3. Metaphase spread of mESO1 cells (A) and
P-mESO02 cells (B). P-mES02 cells have the same chro-
mosme number as mESO1 cell (n=40). ><1000.

2} Aol g ¥k-§ Y E+= FITC-conjugated goat
anti-mouse IgG (1:50, Jackson)®} TRITC-conjugated
goat anti-mouse IgM (1 : 200, Jackson)S Z}z; o]8-38}
of AolA 3083t EAIA G A stolA
459
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A dg Aol Wik FAH B4
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A ool & Aoz AT TS vk
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Figure 4. In vitro differentiated neural cells (A, B) and beating cardiomyocytes (C, D) from P-mES02 cells. Indirect
immunostaining of GFAP for astrocyte (A), MAP2 for neuron (B), sarcomeric a-actinin for cardiac cell (C). Arrows
indicate the beating cardiomyocytes (D). (A~C) <300, (D) <1000.
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E719] wdEn) fofah e dgEL R
At} (68.4%) (p<0.05). F=gF F oA A& YR w
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15; 9.6£3.1, 35.115.2) A9 oz R H
3 R (0=20; 19.514.7, 63.2£13.0) w1 v}
Ag & 9 AJT} (p<0.05) (Table 1, Figure 1C, D).
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Table 1. Jn vitro developed blastocysts after parthenogenetic activation or in vitro fertilization (r=5)

No. of No. (%) of No. (%) of Cell number of blastocysts
Treatment Ooc' es 22-cell blastocysts
v at day 2 at day 4 No. ICM Total
IVF 257 196 (76.3) 134 (68.4)° 20 19.5+4.7* 63.2+13.0°
(14~26) (46~90)
Parthenogenetic 385 258 (67.0) 62 (24.0° 15 9.6+3.1° 35.145.2°
activation 4~14) (25~42)

*Means in the same column without common superscripts are significantly different (p<0.05).

*Mean+S.E.M (standard error of mean) (p<0.05).

Table 2. Mouse embryonic stem cells derived from parthenogenetic or IVF blastocyst stage embryos

No. of immunosurgery ~ No. (%) of

No. (%) of formed  No. (%) of established

Treatment treated blastocysts* plated ICM ICM colony mES cells
IVF 26 20(76.9) 8(40.0) 2(10.0%)
Parthenogenetic activation 9 7(77.8) 3(42.9) 3(42.9%)

*Middle expanding or expanded blastocysts were treated by immunosurgery.

0

g AZ Wrol Aok FEslian, A W
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neous differentiation)”} Yol WA vk 2712 227
(10.0%)= o8 A2 o] Amde =3
Aujka WRAZAEL 203 AdEHE 59 B3
HA &1 A& A7FE At (Table 2, Figure 1E). ©)
9 Aats G dA F23 molE X Aol
Ao Frel wlolE | AL PR Solgs &
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sphatase, SSEA-1, 3, 4 18] 31 Oct4 FHE AMS-3lo
oS 7| N £ E Elstd A AeH ¢
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a}air:} (Figure 3A, B).
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321912} (Alkaline phosphatase &), SSEA-12] 0“—‘,‘
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54 (pluripotency)2] 8H21g ¢35l EB o
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1014 23 Cibelli 5 (2002)0] AAFHY IAE G
AN F wlolEr|AEE gysitiE Bt
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Ao A BAL E7ALE 54 Adn
HAE AEE B3 f2g F olAshe 5ey
(cell therapy) &2 ‘F2)A] 232 A7 3I=d o] Ut
ey FFolEt strieks Az Zolo) whe &
Aq AF w3l ol 4= g WiEo] N ER B
A} (therapeutic cloning)EE AALE vlo}& 7| E
E ol&dok gtn defA gt sxnt EAatAy
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