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ABSTRACT

The key regulators of apoptosis are the interacting protein of the Bcl-2 family. Bcl-2, an important member of this
family, blocks cytochrome C release by sequestering pro-apoptotic BH3-only proteins such as Bid, Bad, Bax and Bim.
The pro-survival family members (Bcl-2, Bcl-XL, Bcl-W) are critical for cell survival, since loss of any of them causes
cell death in certain cell type. However, its role during early porcine embryonic development is not sufficient. In this
study, we traced the effects of Bcl-2 inhibitor, ABT-737, on early porcine embryonic development. We also investigated
several indicators of developmental potential, including gene expression (apoptosis-related genes) and apoptosis,
which are affected by ABT-737. Porcine embryos were cultured in the PZM-3 medium with or without ABT-737 for
6 days. In result, significant differences in developmental potential were detected between the embryos that were
cultured with or without ABT-737 (14.7+3.0 vs 30.3+4.8%, p<0.05). TUNEL assay showed that the number of containing
fragmented DNA at the blastocyst stage increased in the ABT-737 treated group compared with control (4.7 vs 3.7,
p<0.05). The mRNA expression of the pro-apoptotic gene Bax increased in ABT-737 treated group (p<0.05), whereas
expressions of the anti-apoptotic Bcl-2 family members (Bcl-2, Bcl-XL, Bcl-W) decreased (p<0.05). Also, expressions of
the ER stress indicator genes (GRP78, XBP-1 and sXBP-1) increased in ABT-737 treated group (p<0.05). In conclusion,
Bcl-2 is closely associated with of apoptosis- and ER stress-related genes expressions and developmental potential in
pig embryos.
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B cell lymphoma(Bcl)-2+= 154 2= 47]19] Bcl-2 ho- Okaro ‘5, 2001; Danial, 2007; Hermanson 5, 2009).
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£ w} UPRS fri=dte] 4324 chaperone AJ4to|u} 4
EA A FalRbES st Al APES doFin
(Rao®} Bredesen, 2004; Shen -5, 2004; Schroder®} Kauf-
man, 2005).

At o7 7|Eo] Hialo| mEW & AX APES
Tdhs B2 Je G AE] glojA] Fagh o
5 SM(Yamaguchi &, 2011), ©|AS JAehH=
ABT-7379] A7} fxEy} 22 FEAEAA AEZ A
HS fresitar g A gkow, o] AsA7E Al A
2FAC Tes Wefstal, AXA ZEHZ vEEAIAR]
ATF49] Bele S7MIIths Bt Ydtk(Traini 5,
2010). ABT- 737°] 2871712 Bcl-2 BH3 domain =44
2 Bd-2, Bd-XL, Bd-W2| 24 o Soldor &
35S 7Y, Be B YE G Fok A|ETF A BAS
Uepfiolom, zke] FHdel A&Ad AE F=(0l-
tersdorf 5, 2005)3}L, & AXE AFE Q1x}e] 758 A3
3}l Bax®t Bak &2 T ES SASIAA AME APE
BEE et Aom 4 AthZong 5, 2001;
Reuland -5, 2011). Zfs&E TR A SloiA
Bcl-2 familyE9] @do] Fasitta delA o m(Alla-
man-Pillet -5, 2011), °]& SAAZS wf AT W
I AE, AE APE sl dolA ofw e A AA7E A
A gelsk Hart gk

wpEbA] 2 A= HA] AL AT HiGAl Bd-2
A AR ABT-7379] Z7bol| uwh2 nl] 2 oFda} 2
A A A A AE APE ARE ZASISICE
Sk, ABT-737¢] M| APE #E FHAAEY L¥A ~E
o I FAaAxEe] HE A 2polE HESITL

R

B2ty

Geany nds dEd #5 9 AHe AE 25
mM  N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(Hepes)°ll 3 mg/ml BSAE F7}gt Tyroid's lactate(TL)-
Hepes & 9(Prather 5, 1995)& AR&-sI3ith =A] v
g AejAd< vjx]= 108.73 mM Nadl, 4.78 mM K,
25.07 mM NaHCOs; 119 mM KH,PO,, 555 mM glu-
cose, 7 mM taurine, 5 mM hypotaurine, 1 mM gluta-
mine, 1.19 mM MgSO, - 7TH,O, 1.7 mM CaCl, - 2H:0,
100 IU/ml penicillin GE 7%l North Carolina State
University(NCSU) 23 & <(Petters®} Wells, 1993)°l 10%
w3z 0.57 mM cysteine, 10 IU/ml PMSG, 10 ng/ml -
mercaptoethanol, 10 ng/ml EGF, 10 IU/ml hCGE #7}
atof ARg-sksith A9l wiX= 113.1 mM Nadl, 3
mM KCl, 20 mM trizma, 11 mM glucose, 7.5 mM
CaCl, - 2H,O, 5 mM sodium pyruvate= /3% mo-
dified Tris-buffered medium(mTBM) -8 <(Abeydeera$}
Day, 1997)¢ 25 mM caffeine Sodium Benzoate®} 1
mg/ml BSAS F7ksto] ARE-SISlvh Alejufek8 wiAl=
108 mM NaCl, 10 mM KCl, 0.35 mM KHPO,, 25.07
mM NaHCO;, 1 mM glutamine, 5 mM hypotaurine, 0.4
mM MgSO,, 0.2 mM sodium pyruvate, 2 mM calcium

lactate, 2% BME, 1% MEM, 0.05% gentamycin® = -4
%l Porcine Zygote medium(PZM) 3 -&(Yoshioka &,
2002)° 0.3% BSAE #7lste] ARSIt

Helds, o8 ¥ WY

w=EgA 359 HA]e] daS 75 ug/ml penicillin
G¢ 50 ng/ml streptomycin®] H7he A2 A5 &9
of 7 25~30C 25 FAato] A= Nsleit
AFAR vk das derE 37T AYAATE 3
ool AlHRE 5, dxe] #7o] 3~6 mm HE ¥
A& 18 AolA FAhbso] & FAPIE FUT §
AA @A St A GRS sl 3ee daEdt
& TL-Hepes &4 0= 33] Mg 5| NCSU-23°14] 33]
ol AlHst. FETE A Q)58 wiAelA 385TC,
5% CO, HlF7]elA 22413 &2t w3t 5, thA] PMSG
S hCGZF 37FA] 2 HiAelA F7He ez 22431
sl Ao dsS FEainh AeleAd s FAL v
HISFE BAL2RE HlA] a7 NS Fdspslon, A9

Rl

el 4 pipettingS &3 A EE 217 8kaL, mTBM &
Ao 33 AHF HE A9f5E wiA] 48 nl Ao
HAE 15708 ¥e F ARl HFELEI} 1.5x10° sper-
matozoa/ml7} ¥ %= HAHS F3189] 385, 5% CO»
i F71 A AR Bk oA AL st
Ak Aol g FARL dPAEE A
Aol ggo o 33] A2sto] AelujgEe] 50 nl &
Aol 307014 o} 385C, 5% CO, #71 3hollA] w3t

R W wleg 2dAle dEES A
o, il 6 HiubE A4S WSt ABT-7379] A
gl Al A g Ft FAsI:

TUNEL Assay

TUNEL kit In Situ Cell Death Detection Kit(Roche
Diagnostics, Mannheim, Germany)& AH&-3}3l o™, &3
o T99] Wlg= sk ASI4g Wk 7oA A
2he wiHEEE 0.1% polyvinylpyrrolidone(PVP)©] Z7Hl
PBS &9 o = 33] A3t $ 4% formaldehyde”} 7}l
PBS &Hof HXAIA 4ToA 1413 A Y A H
H|WFZE PVP-PBS &0 2 33 A|Z3le] 0.1% Triton
X-1000] 7} PBS 9ol thA] HAAIA 4TeAA 304
7 W% Bt e]a PVP-PBS 902 33] M2 st
o] TUNLE kitE &%+ g HXAA 385T, 5%
CO, w710l 147t 8j¥ 5 PVP-PBS &9 2 33
AlA gk $ DAPIZ} 374 10 nl mounting medium ©. =
uZE HiwtEE £ A1 %(Olympus, Japan) o=
HIREE O] A Mt M3 APE 5 ARSI

RNA &1l Real-time Quantitative PCR

Dynabeads mRNA direct kit(DYNAL; Invitrogen, Car-
Isbad, CA, USA)E A}&-ste] A|gw Wl whef 2]+
I 20711¢] wiHEE2HE RNAS 228 F 8 ul RNA,
50 ng/ nl Random hexamer, 10 mM dNTP mix, 10x RT
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Table 1. Primer sequences used for real-time RT-PCR analysis

Gene Primer sequences Annealing Product
qu temperature(C) size (bps)
F- AGGGCATTCAGTGACCTGAC
Bel-2 R- TGGATCCAAGGCTCTAGGTG 60 242
F- AGGGCATTCAGTGACCTGAC
Bel-XL R- TGGATCCAAGGCTCTAGGTG 60 242
F- GGAGCTGGTGGTTGACTTTC
Bel-w R- CTAGGTGGTCATTCAGGTAAGG 60 518
5 F- AAGCGCATTGGAGATGAACT 0 -
ax R- CGATCTCGAAGGAAGTCCAG
F- TGGACCTTTTCCGTTCTACC
GRP78 R- AGCCTCATCTGGGTTTATGC 5 185
DA F- AAACAGAGTAGCAGCTCAGACTGC s 485 (unspliced)
R- TCCTTCTGGGTAGACCTCTGGGAG 463 (spliced)
§-actin F- CTCTTCCAGCCCTCCTTCCT o "

R- GGCGTAGAGGTCCTTCCTGAT

buffer, 25 mM MgCl,, 01 M DIT, 40 U/ul RNase
OUT, 200 U/ ul superscript I RT7} 3234 ZF 20 ul<]
=4 DNAE 27 3l 65CellA 5, 50TCollA
501, 85ColA] 54 kg T 4Tl A8t oA &
B3t (DNAE T o2 PCRS 3313t Real-time RT-
PCR& Stratagene MX 3000P QPCR System(San Diego,
CA, USA)S ©]-83}%l3l, SYBR Green (Applied Biosys-
tems, Foster city, CA, USA)°l /43 DNA 2 nlst
primerE X7ksto]l HEF o] 20 pl7b HE== siich
Agol] A8 primerE< Table 1] AAISFITE Real-
time RT-PCR 5% ZRIFL v 2L 2002 4
Y3ttt WA 95ColA 103 &<t pre-incubation ¥4
S A%l ¥ 95T A 40% E<t denaturation & 60Tl
Al 40% FRF annealings 71X|a1, 72°CollA 45% &<t
elongation®] #4& 45 Abo|E WHESIEE 45t

P el A $R 2] A9 Aol 33 ol
AE HolE]E= means+SDE LFER]

&7 AlES, mRNAS] @ -
[

[¢)

it g

Hlo]EH= one-way ANOVAS} Student's t-testS ©]-&
xS ASEAE p<0.05Y Wl FelAE A S

¥Q Ol (i 30 (T

&

an o

Kl

Aol Ae W HIHEEO] ME AME 20 UM ABT-737
Ag =21}

A EZAA v FFH o2 B BHS YERYE Bd-2
= dAMEze] AT #HAg 3 Al APE B2 Heel
/] Bcl-2+= Bid, Bad, Bax, Bim¥} & A¥ AE %
BH3 wd ©@idS ArA|Zl 024 cytochrome o]

5 Yol AE APES A= vl 8% 98-S
THWarmann -5, 2008). %3} o]z Ao 4] ABT-737<]
A7t GAEAA HE APES fFESTHL BaElo
u, sixe] 27 Aln BEE Ha obF] gl AA
ojt}, ujehr B Aol M= ALloll A AR G4 ol M
& ME APE Ba-2 FYHBd-2, Bd-XL, Bcl-w)e] Aal|A|
¢l ABT-737-5 s = A gls wfo] uf st vk
A AE AP dS Hlal FAFEISI CH(Table 2). 2
H2A 2w At (ko] e fARHA YER
of Zrefuh eiRkE dhehge] QlojA] tiERatd Wlagls
w, B AerelA] fojHom v wdgs B 5 9
ATHp<0.05). o] 3 A= Faf =X A FHT2
o] QlojA]l & AE APE Ba2 FJue] Az A
7 wiRkare] whdo] ZRAETHE AS ASA Tt
o]¢} 2 Aol o7 st o]F A= ABT-7379]
SEE 2 pM= aAste] AREsielth

A2 APEE A RA FRS 9A4R HiEal Q)
O (Adesina ‘5, 2009), E-f-= HINEEL o] Al APE
o] T7M= ALY FHS ddslis g FAA o
&5 3(Betts9} King, 2001). & A& = ABT-737
Aglell ot wukare] whdgo] Fhaio| uwhEl Alx ARE
o] oAM= Wk YER=A] TUNEL w48 &3l
DNA fragmentations <183 tHTable 3, Fig. 1). =1 2
¥, tizstel WS ABT-737S *2]gh miubsLolA TU-
NEL &g whg-o] & =7} foJshAl A vebuthE.7+
15 vs. 4.7+ 2.4, p<0.05). ©]¢k 22> 37} Al AFE 2
Frazte] o e Adte] H=AE SIS | flal] Al
APE B fAAE] Bal-2, Bd-XL, Bd-W 2 Bax mRNA
o] W& 458 Real-time RT-PCRS 53] 73ttt o
Zardt ABT-737 Ag]tollAl & Al APE Bd-2 HwHe]
mRNA &S v wstglS v, ABT-737 A 2latolA] R+
oA ow wilo] vl Yehst O kFig. 2, p< 0.05), Bax
mRNA®] &L izl s oA o= 5] vehd
S #Hls 5= ATh(Fig. 3, p<0.05). °|#3 A3h= ABT-
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Table 2. Effect of various concentrations of ABT-737 on developmental ability of porcine embryos in vitro

Group No. of oocytes examined No. (%) of embryos cleaved No. (%) of blastocysts
Control 145 126 (86.949.1) 44 (30.3:4.8)°
ﬁBTu‘ﬁ: 152 135 (88.8:9.4) 29 (19.1:3.1)°
/(*ZBTU'ﬁ? 150 133 (88.7+10.0) 2 (147:3.0)°
/(\SBTU'ﬁ? 144 125 (86.829.7) 21 (14.6:2.6)°

Data are the mean+SD. Values with different superscript letters within a column differ significantly (p<0.05).

Table 3. Effect of ABT-737 on apoptotic pattern of porcine
blastocysts

No. of nuclei

No. of
Group
blastocysts DAPI TUNEL
Control 21 59.5+15.3" 3.7+1.5"
ABT-737 b b
26 35.7+15.7 4.7+24
2 uM)

Data are the mean+SD. Values with different superscript letters
within a column differ significantly (p<0.05).
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Fig 1. Epifluorescent images of porcine blastocysts undergoing
apoptosis in vitro. Al, Bl) DAPI (blue), A2, B2) TUNEL reaction
(green), and A3, B3) colocalization with DAPI appears sky-blue.
Scale bars=100 um.
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Fig 2. Relative mRNA expression of Bcl-2 family genes in the por-
cine blastocyst stage determined using real-time RT-PCR. The ex-
periment was repeated three times. [3-actin was used as an inter-
nal standard. Data are the mean+SD.
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Fig. 3. Relative mRNA expression of apoptosis-related gene (Bax)
in the porcine blastocyst stage determined using real-time RT-
PCR. The experiment was repeated three times. [3-actin was used
as an internal standard. Data are the means+SD.
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T Avk(Kauf-
iix%H 7%

g9
gl A3 % AR 45 Apold]
& AXA REHAE FU5 }711 HU# o]
2w 9y 7 Awe] wy fdole] &
man, 1999). ABT-737¢] iialﬂ xﬂ;aoﬂﬁ



Bcl-29] AalA Ao & Hx

3.0

. Control *
[0 2 pM ABT-737

25 4

20 4

Fold change

05 4

00 -

XBP-1 GRP78

Fig 4. Relative mRNA expression of ER stress-related genes in the
porcine blastocyst stage determined using real-time RT-PCR. The
experiment was repeated three times. 3-actin was used as an in-
ternal standard. Data are the means+SD.
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Fig 5. ER stress-related gene (XBP-1) expression in porcine blasto-
cysts derived from ABT-737 treated embryos.
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Wal|skal, AXA ~Ed s WHSQIARI ATF4S] I
7T Bah A Traini 5, 2010). whebA
A Z7]vedl A ABT-737 Aol w2 A¥A ~EF X~
A fAzbe] W S BAESILE AXA ~EYA
FEA] ¢z}l XBP-13} GRP782] mRNAS] 23S shel
F Ayl )z BlE] ABT-737 AgdolA] F %)
B frelAo® A UehdtiFig. 4, p<0.05). 53] A&
XA 2EY 27 A&EE UPRE AlA 5 3¢l IREL
o] EA3}lEHA introno] AAE FHE FHo sXBP-1
mRNA7Z} @} # %] Z7|ufoll A ABT-7379] A&7}
AXA AEYAE 724351 sXBP-12] mRNA7F 23l ]
A 2RIs7] 98] RT-PCR #41& &d g1k A7,
ozt v wdlS w) ABT-737 *j&]itol| A sXBP-19] 4t
ol | UT(Fig. 5 p<0.05). =% O2, ABT-737¢]
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A1 ABT-7372] A2]7} wjubE A&} wjutEe] A
Ql SWol QoA Js v S s S ABT-
7379 A g]7} wiuksE Ao A AE APE Ak
ol & Fo] FUHE opletar, & AE AFE /-4 Bd-
2, Bd-XL, Bd-W9] &&S 74A]7]a1, AE AFE {44}
¢l Bax9 S T7MAItE AL ol 4 9tk
18]35l ABT-7379l el AXA ~EF 2~ A EAS]
GRP78%} XBP-19] f-3xle] Wy}, Ax A ~Efx A4
ol Ak el = sXBP-19] HES EQ1Eki ol F
g A A= #H AT Al WA Bd-29]
A= =HA ke ME APEES 2T W ol
LFA 2EUSE fugozd A Al wjute] 4%
Fs AT RS Al g

ARHoR, IfEE9 T Auld Al Bd-2
A3 A (ABT-737)2] A 2]7} Qb AAdEol ggkS w3
U AL SQIsilon, wintxe] AA 4239 Ax7}
i AXFolE 2poldS ERlE 4= Ak F3h A
A A= At ME APE g F7F RIS
th o w2 AlE AP fxiel & A APE fAA)
o] mRNA HAAAME Fo]AQl ZFo]E LeERJA T ©
T X E AT Au gollA Bd-22] As|
T XfeE AT A dEs welsha, A
TS A8 TARATI, 2XAY V5l E st
gholstoitt. Wt Ba-2E HiwbE e AEE 9 FA
TS FASTeEA AL AbE wlole] wehs
of o] Fa3l Jaks st AL AA|SH.
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