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Effect of Stem Cell-Derived Conditioned Medium on the /n Vitro Maturation
and Embryonic Development of Parthenogenetic Embryos in Pigs
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ABSTRACT

The addition of growth factors and cytokines to in vitro culture (IVC) media could affect embryo development and
the quality of the resulting blastocysts. The present study was performed to investigate the effect of porcine induced
pluripotent stem cell (piPSC)-culture conditioned medium (CM) on the in vitro maturation (IVM) and development
of parthenogentic embryos (parthenotes) in pigs. Cumulus-oocyte complexes (COCs) or activated oocytes were cultured
in IVM or IVC medium supplemented with 0 (control), 25, or 50% of stem cell medium (SM) or CM, respectively.
The maturation rate of CM-25% group was significantly improved when compared with control group (p<0.05), but
that was not different among SM or CM groups. Blastocyst formation rate was significantly higher in CM-25% group
(29.2%) than that of control (20.7%), SM-50% (19.6%) and CM-50% (23.66%, p<0.05). Cell number and the apoptotic
cell index in blastocysts was significantly lower in SM-25% than in CM-25% group (p<0.05). The embryo quality related
genes, OCT4, KLF4, TERT and ZFP42, were significantly increased in CM-25% group compared with control (p<0.05).
In conclusion, the addition of 25% of CM to IVM and IVC medium positively influences not only the developmental
potential also quality of parthenotes in pig.
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Al BREaE dkSgro] REE Zlo® deA] ITHWatson
5, 1992; Martal -5, 1998; Spanos &, 2000; Constant -5,
2006; Neira 5, 2010).

=7 2= gl Tddt 4dIAt B AR E
7SS wolEh, g d 2AS F8 E7])Mxe] 2A
"l Z](conditioned medium, CM) ujel] theFst A74Axk
A AfolEFRRIC] HrH o] A5S Elsk tHSpanos &,
2000; Parekkadan 5, 2007; Ivanova-Todorova -5, 2012;
Kim 5, 2013). o183t S7|4E f2 CMe] A5 &34
z2 9l 4719 AR 5 ohgg okl &8o] 7hsat|
wjiol]l ARyt okl AF7F s Al it
53] Z7IAE Fd CMe] A5 A 2 2T|ujellA
Ax= Odd gt Aol ETRRISe] £3E ] 9L
= Ao® B EAE}(Park S, 2010; Lee &, 2011;
Ho 5, 2012).

mebA, B ATl A= = A fETEsE 7] Al X (porcine
induced pluripotent stem cell, piPSC)9] CMS AJ4ts}
aL, A Aol g A LaeF vl Hrbsted kel
A el AA - FA AL g vA= dEs A
=3t

e Ly

EI|ME Hj LA (Stem Cell Medium; SM) 2 Conditioned
Medium(CM) &

Z7|AE ugd2> DMEM/F12E 78 djgdlo g &)
o] 20% FBS(Invitrogen), 50 units/ml penicillin(GIBCO),
50 ug/ml streptomycin(GIBCO), 2 mM L-glutamine(GIBCO),
0.1 mM NEAA(GIBCO), 1 uM [3-mercaptoethanol, 20
ng/ml bFGF(R&D Systems) 2 20 ng/ml LIF(Sigma)E %
7kt ARgakith CMO A9 A Fevts =742
(porcine induced pluripotent stem cell, piPSC)& ©]-&-3}
o] AYakald thKwon %5, 2013). A3 SMo2 wA| 3
24217 FRb vt o, 3|4 5 HEjste] Aol At
&3k

EFAEEETE AASTFE ) Eae o
Ao was APdE Ntete] da i dER5EH A
2 3 &, AFE DGAE 0.1%w/v) polyvinyl alcohol(PVA)
o] H7}¢l Tyrode's lactate(TL)-Hepes®| .= 3¥ A%
5 AA #AnAstel A G ErF fdskal AlEdo]
AR AE Adrdste] WA sl FAEIth el
<l ks 913l 0.6 mM cysteine, 10 ng/ml EGF, 10 IU/ml
PMSG, 10 IU/ml hCG, 10%(v/v) porcine follicular fluid
(PFF)7} %71 TCM-199 1) 500 nl19] drops WHE
©] mineral oil® ¥|%35}al A&l 2-3A1%F Al 5%
COy, 39C 2zl BE A7l F, 7+ dropd 100
el dEehs Wo 224171 wjdsiglon, ol sEito]
H7EAA 98 M FA o2 A 2043 E}F wjFsale

ofrt

A A= sl A 713kl AA 2427 25, 50%2] SM
= M H7keR

Y PS4 3 A A

AL dA171 FEZHE 0.1% hyaluronidase”} £°1 2
= AT &7 vortex mixer® 4%-3F Al Ete] WA
ZE AAT F, Azde] A7) wdsta A=A &

0,
1

ol IANES Al4E dxE Fdsie] Ao FAIEHS
o} W2 8A43LE F=317] $1354e] Electro-Cell fusion
(Fujihira Industry, Japan)2 ©]-&3t A€ WA= 0.1
mM MgSOy;, 1 mM CaCl,, 0.5 mM Hepes7]' 71 0.3
M mannitol €98 22 1.0 mm 32| wire chamber?]
& AT AbolZ &7 F, 1.5 kV/em®] 2 FHDO)AFZ 30
usectt 13 A3 &t Ak GAE A9 )
g 50 nlel el 10~1571% Yo 39T, 5% CO, %
st Al 7U3E widstQiTh A ] vjgH o 2= PZM-3E
ol-g3slqlon, dF= 77kl AA 77} 25, 50%2] SM
= CMS #7lskich

HiHFE 9| Apoptotic cell Z A

HREz o] Ad-S eholi7] 915ke] DNA fragmentation
< ARSI vl ed Aol AbE wiwiEE Ao
A 3.7%(w/v) paraformaldehyde”} 37}¥ PBSZE 40+
b gkl A8kl o] % 0.5% Triton X-1003F 3%
(w/v) BSAZ} #74el PBSE 37°CelA 3083+ Askqict
Apoptotic cellE #AFeE7] #18] TUNEL(In Situ Cell Death
Detection Kit; Roche, Germany) RF-3-S %3 $, DAPI
= AA AlEe] & sty TUNEL vbg-o] 5=
H HIEE slide glass® 7 antifluorescence-fade
HNoZ FEEFIL cover glassE o] EES A|Zskal
oh Al 2bE 32 Leica 333V 7(Leica Microsystems,
Germany)< ©]-83sto] A A 259} apoptotic cell 5
skt

Real-Time RT-PCR &4

HIREE ] cDNAT FastLane Cell ¢cDNA Kit(Qiagen,
Valencia, USA)S ©]&3}o] #|F¥ ®ol we} F£41]s)
2itt. Real-Time RT-PCR<> Rotor-Gene SYBR Green PCR
Kit(Qiagen, USA) % 7500 Fast Real-Time PCR System
(Life Technologies, USA)E ©|-&3}o] A1l 3iT}. 4]
o AH&-¥ primer= Table 10| A|*]3}3{th. Real-Time RT-
PCR®| 5H 2718 95TeA 147} pre-incubation 78
< AF F 95TllA| 15% 5% denaturation $ 60T
o] A 1#7} annealing®] ¥4& 40 Alo]E WHESIEE
S e

A e

RE Al tigh A3 33] o] vhg AAEH o,
1= Azl tjgl Statistical Analysis System(SAS Institute,
Inc., USA)2] General Linear Models 222 ©]-8-3F Duncan's
multiple range test= 93-S HESIICE fFo)xk= p<0.05
d o FAA A7t e Ao ' Al
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Table 1. Primer sets for Real Time RT-PCR

Gene Primer sequences (5" to 3') Product size (bps) References
F- AGCGCTTCAGAAAGATCTCG
OCT4 157 NM_001113060.1
R- GAGCTGCAAAGCCTCAAAAC
F- GCCCTTAGAGGCCCACTT
KLF4 158 DQ000310.1
R- GCAGGGCAGGATGACAGT
F- ACTTTTGAAGGATGCGGAAA
ZFP42 179 AM410991.1
R- CACTGATTTGTATTGGCCTTTG
F- CGCTCCTGAAAGCCAGAAAC
TERT 182 AY785158.1
R- CTGGCACAATCGCTCTCTG
F- CCTTTTGCTTCAGGGTTTCA
BAX 165 XM_003127290.2
R- ATCCTCTGCAGCTCCATGTT
F- CTGAATCAGAAGCGGAAACC
BCL-XL 188 AF216205.1
R- CCTCCGGTACCTCAGTTCAA
F- CTGCGCTCTCTGCTCCTC
GAPDH 161 NM_001206359.1

R- ACAATGTCCACTTTGCCAGA

2 1

SM 2 CcM HJto| mE HX HEO MY

SM E+= CM 59 H7P7F = A daEgte] Ao Adsol
MIAE BFE ARG A3 Fig 13 20 SM % CM
A7) T w}é AL A urgow—t— 2ol 7F glsle
(75.4~88.7%), CI\/[25%(88 7%) xﬁaHLoﬂfﬂb ) 2(74.1%)
Hrp oA oR 52 A5Es Btkp<0.05).

SM % CM FUIO ME HA gy Uxel MegEs

st A= 5w 794 vk ksl ey
WAkl HlEE CM-25% T-ollA] 29.2%= UERsE o, o
Z7-9 20.7%, SM-50%2] 19.6%R.t}t FoH o2 =Tt
(Table 2, p<0.05). Fragment H]&2 SM-50% T-llA] 17.6%
= 7P = debsod, tE A= Ael7t gl
ATk wREES] A ES= SM-25% Tl 7 A A YEL
wow, CM-25% T-<F Hlal Al F-2] 4]l 2folS B3tk
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Fig. 1. Effect of conditioned medium on maturation of porcine
oocytes in vitro. Cumulus-oocyte complexes (COCs) were cultured
in a 500 ul drop of maturation medium supplemented with 0, 25
or 50% of SM or CM, respectively. Metaphase II oocytes were
referred to as matured one. Error bars indicate + SD. *° Different
letters indicate significant differences (p<0.05).

Table 2. Effect of conditioned medium on embryonic development of parthenotes

No. of oocytes

No. (%) of embryos

Cell No. in blastocysts

Treatments cultured Cleaved Fragment Blastocyst (Mean + SD)

Control 150 93 (62.0) 12 (8.0 31 (20.7)° 404 + 12.9®
oM 25% 116 67 (57.8) 14 (12.1) * 29 (25.0)° 260 * 7.6°

50% 102 58 (56.9) 18 (17.6)° 20 (19.6)° 41.0 * 163®

oM 25% 154 90 (58.4) 13 (8.4)° 45 (29.2° 456 + 8.00°
50% 110 110 (60.0) 14 (12.7)® 26 (23.6)" 337 + 12.2°

SM; stem cell medium, CM; conditioned medium, Parthenotes were cultured in IVC medium supplemented with 0, 25 or 50% of SM or

CM, respectively.

*? Values with different superscripts are significantly different (p<0.05).
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Fig. 2. Apoptotic cell index in blastocysts derived from parthenotes.
The apoptotic cell index (TUNEL-positive cells/total cells in blastocysts)
at Day 7 of IVC. Error bars indicate + SD. * Different letters indicate
significant differences (p<0.05).

(26.0£7.6 vs. 45.628.0, p<0.05). Apoptotic cell index®] 7
T SM-25% oA 72408 7P =A UrE}M_ﬂﬂ](Flg
2), t& AT+ el &)zt RIATH1.040.6~5.6+1.4).

SM % CM &M ME SR TRy HAb Faf o EkEo
Mo REA LHYY

A sz} A Q) HlaE 918l Octd, Kif4, Tert S
Zfp24 FAte] WHES HESS O, apoptosiset A7
=013+ Bax(pro-apoptotic gene) % Bcl—XL(anti—apoptotic
gene) T3S HESIITHFig. 3). Oct4®t Zfp242] 7
CM-25% Tl A 718 =7 wdsglon, B Ao T 2

Octd Kif4
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SM
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olrt

o= oA Zol7h gt (p<0.05). Kif42] 749l SM-50%
TFolA 7B A Yegen, e ® CM-25%, X
T, SM-25%, CM-50% <02 7| YEbtth Terte] 7
L= SM-50%9F CM-25%<l 4 B} ]2 ol A EE} 2]
Ao A HE Y THp<0.05). AlEAE J& =Rl
Bax ¥ Bd-XL mRNA TS FA13) 754 Bax2]
A U vl Al BE ﬂﬂ%ﬂw }017} Ao,
Ba-XLe] 4F- CM-25%%5 A|9|3 BE Aol tx

PR} ol Ao w v W E 2l Th(p<0.05).
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a1

=71AE frel CMe] A9 =71 A ﬁﬂli thek
b IR B AtolEFRRIEC] FHEol lom, 53]
Apg B Z7|ajel A L E= EGE, TGF-a, TGF- 13, PDGF-A,
IGF-I, IGF-II, vascular endothelial growth factor(VEGEF),
hepatocyte growth factor(HGF), fibroblast growth factor
(FGF) & t}ekal AdAelzie} IL-1b, IL-6 GM-CSFE, LIF,
IFN-t ‘34 }\]'O]E7]'L'€’é‘ ¥okslal glE}(Park 5, 2010;
Lee 5, 2011; Ho 5, 2012). whe}x] Z7]A413E 2 CMo]
A v Asdd mAls dEFs HEsSL olF
njbctol o gl jELJJr e LRI PY RS o P e s I s
< AESISITH

A kel A8 CM-25% HE|TolA iz
TR FoH R F=A Yo, 371/\1] EfrE CM
o= thFeh bS]l EFHO jlo] 2 AsEe]
s A |I7E 44 @k #A L‘rXM 4o A
39 A A ojEAo|nRE YRkF o )9
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3. Relative gene expression in porcine blastocysts derived from parthenotes. Activated oocytes were cultured in IVC medium

supplemented with 0, 25 or 50% of SM or CM for 7 days, respectively. Error bars indicate + SD. ““ Within each gene, bars with different

letters differ (p<0.05).
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EGF mRNA 3 EGF 847} S48k, A 3 2}
HEA o M= EGFE wHlshs 2oz defA] glo], A
< wjgdlell HIF Al At AEE des A
7 5 TtHAbeydeera &, 1998). LIF Kit ligand mRNA
o IS F7HAA AR S48k (Nilsson
S, 2002), tumor necrosis factor- a (TNF- a)= ST-AI3E
Y] Tumor necrosis factor-inducible gene 6(TNFAIP6) mRNA
o HdS TUHA dTAIES S-S fEgthal B
H A TH(Yuan &, 2011). webA E7]AZF2 CMol| A
sk oleldk IAtEol o AR T]so] o
o] Aas gk o8 Alsdrh

TR S QA B ALl EFRRIES Aol
Noll H7FFo =M Aed-SEs P Al F AthKim
"5, 2002; Neira 5, 2010). IGF-19] 7% v 3%
719l RNA % DNA®& S7HA7 vk ¢
IA171M (Young -5, 2001), wiH3Ee] MEZFE
4= AthJousan¥} Hansen, 2004). 3-8 TGF-B 2] %
QqueFalol H7F Al vk AN &S FIANA
ow, bFGFo} 25 7ol oJa] 1 a3E 4 A4
ATHKurzawa 5, 2004). E7|AE gk 9 7|42
2 CM2] 7§ bFGFS} LIF7F 271 o] 9lom, 20%¢]
A= 3] Aok Aeuld Al o] H7k= wink
F4l Mn-SOD, SOX, Bax, LIF, LIF-Re} & f312k9]
LS STMTIARE ASEE S STHAA HjREE ]
AEZFE 4 A2 5 AKRizos 5, 2003). SM-25% T

8- e SE2 A Aol glou AlES
T dAs] AstE ¥ CM-25% AlTo] A5 winkE
FE WRE ob e} viwtE o] Al Skl et
A SM-25% -] 7% wlgel Wl Il ok FaFo] &
Ao E AAXM, CM9| ¢ TE Tk A %
Ate] E7HIol] ofaf dHo] 7HAaL e S RE GRS
B H3E= Jow Alsdh

HiREsZ o) X 9] apoptotic cell> WAbo] #H-& wekeh=
AXE o] & ¢ glomz E AFroA AJite HjgkE
o] A7 S H7leh7] 918kl TUNEL w42 &3k ul
HESES] apoptotic cell 75 2HR1sH3Ith &=l Agglol
CME H7ksE ol Fel# o vhe =215 Bl 4F
3} 2~E|>~(oxidative stress)i= reactive oxygen species(ROS)
of o3 F= =™, A*E U DNA Fragmentation®]
T d1ox dHA AUrkYang T, 1998). 53] A A<
derdt 9 winkEe A 9] apoptosisE e 4 9lom
AR Ao WSS A & UrhSa 5, 2011
Bae ‘5, 2013). ©]=|% 438} ~Ew| 2= IGF, HGF, IL-6
oF Z2 QAlEol of8f oAl 2 4= 1o (Shibuki 5, 2002;
Kida -5, 2005; Baregamian -5, 2006), =7| 4% 2 CM
ol 23tEo] gl 5459 kst 2hgo] o5 wigt
2|4 9] apoptosis7t SAE A o2 AlmE T vk
WHE-AHEZF(inner cell mass, ICM)ollA] A HXu <}
Yang, 2001), A4 A2 LEA e Ocd 2 KIS}
theFet TS A5 (pluripotent cell line)oll Al WA=+ 3
o= d#A T telomerase reverse transcriptase(Tert)
9 zinc finger protein 42(Zfp42) mRNA 23 A5 A
Esto] wtae] A& dshs A3 Z-85tHRogers
5, 1991). BE FdAF e 9lojA CM-25% ol A

VX0 2 Y ot >

e e o

Y

=A BEE = AeR Yehy, SV XA ave] #H7t
7} wir oMY AA AE FAAte] S R
Aoz AR HETE

ol ate] A= Fgltel W, A AL D uke u)
Foholl 25%2] CM= H7Fst 4§ whape] A< ot oy
g AHow S4g mNiEE A oR AN S 9l
of, AT F BFA7ES B3 83 AR Ak
FHoR o] & 5 JS Aow AlgHLh

Al vjeFele] AT = 9 Aol EFRIS HIbeE =
7 2% g ALk wiRkaES] Aol Fiks wE 4 gl
th 3 A A Fevs=7]4 E(pordine induced pluri-
potent stem cell, piPSC)2] Z7J 1 #|(conditioned medium,
CM)7F A dake] Ao 5 el 5 7))
Soll mA= JEFs AESH] gt FAsklth P}
A2 B (cumulus-oocyte complex, COC)T= 0(control),
25, or 50%<] Z7]ME wdd(stem cell medium, SM)
T QMo] H7kE Aol s mjglo s wjeFalgl o,
Aed dAe 2438 e ¥ 22 TR SM O ExE
CMS Z7Fek Alolulfeliol A wistlnl. Ale] A&
2 CM25% 2ol tlg Rt foow ERov
(p<0.05), T+ SM Fi&= CM A F9= Zo|7t gldith
HIWEE A 82 CM-25% T135(29.2%) A tlZ7+(20.7%),
SM-50%(19.6%) = CM-50%(23.66%) 2] TRt} 2%
°2 EITHp<0.05). HHEEo ] AES 2 A EAL H]
H2 SM-25% “LEo] tixTtell Hlste]l o]l o7k
UERETHp<0.05). Akl A Aaso] e fAAE
(Oct4, Kifd, Tert 2 Zfpd2)°] &L CM-25% L&l A
7w o4 er S7FE AT p<0.05). webA 2 A
o] Ax ALdsIVM) Z ALY FAIVO) HiFdel 25%
T MO H7be HiA depEA dape] gt o
ko] A el 71ofdte Ao At ETh
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