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Hsp90 Inhibitor, 17-AAG, Affects Early Embryonic Development and
Apoptosis of Bovine Embryos
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ABSTRACT

Heat shock protein 90 (Hsp90) is ATPase-directed molecular chaperon and affects survival of several cells. In our
previous study, inhibitory effect of Hsp90 by inducing cell cycle arrest and apoptosis in the pig embryonic and
primary cells was reported. However, its role during early bovine embryonic development is not sufficient. In this
study, we traced the effects of Hsp90 inhibitor, 17-allylamino-17-demethoxygeldanamycin (17-AAG), on early bovine
embryonic development. We also investigated several indicators of developmental potential, including structural
integrity, gene expression (apoptosis-related genes), and apoptosis, which are affected by 17-AAG. Bovine embryos we-
re cultured in the CR1-aa medium with or without 17-AAG for 7 days. In result, significant differences in developmen-
tal potential were detected between the embryos that were cultured with or without 17-AAG (33.139.6 vs 21.7+ 8.3%).
The structural integrity of the blastocysts was examined by differential staining. Blastocysts from the dbcAMP- treated
group had higher numbers of ICM, TE, and total cells than those from the untreated group. Terminal deoxynucleo-
tidyl transferase-mediated dUTP nick-end labeling (TUNEL) showed that the number of containing fragmented DNA
at the blastocyst stage increased in the 17-AAG treated group compared with control (11.2 vs 3.9, respectively). Blas-
tocysts that developed in the 17-AAG treated group had low structural integrity and high apoptotic nuclei than those
of the untreated control, resulting in decrease the embryonic qualities of preimplantation bovine blastocysts. The m-
RNA expression of the pro-apoptotic gene (Bax) increased in 17-AAG treated group, whereas expression of the anti-
apoptotic gene (Bcl-XL) decreased. In conclusion, Hsp90 also appears to play a direct role in bovine early embryo de-
velopmental competence including structural integrity of blastocysts. Also, these results indicate that Hsp90 is closely
associated with apoptosis-related genes expression in developing bovine embryos.
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Hsp90 SAAQ] geldanamycin(GA)S- & L‘ﬂ ] p53
A2 HE F7IU AX AP 2EAe FaA) S
24 kinase, AlW/EH9 Y kinaseE :E%Lo}t =23l
Tl 2ol BEobgslE ob/) 3l Supko 5, 1995). ©lz]
gk JAA AR F2E 7H benzoquinone ansamy-
cn A9 1 7—a11y1ammo~17~demethoxygeldanamycm(l7—
AAGY7E A5 BHoz Aoz EME(melanoma)ol
AHEE A 3L(Solite} Chiosis, 2008), Hsp90 914 715 7F
vkar B s vkSchulte®t Neckers, 1998). ©] %%%
Hsp902) E?‘SHQH ATP ZA3} Holo] A= oz AT-
Pase®] 7]%5-& 4A7A Hspo0e] &4& ‘1?2%10}741 )
ol2]d A o2 2] Hspooo] A=Y 2EF2 A
of 3l W Ao} eA g By 9L
1) %] 7] 301 ARA 07 M EAPY(apoptosis) S 3T}
(Burrows %, 2004).
AF LS AR ow g Eadof o)s) 3Bo] Brls
AE 2Ead NEES /‘}‘E 3}45}"" HeE
ok ol MEAPE L e FAAES AXE A
e el ofs] dojtey, *ﬂi/‘}e A1 Bax <t
FAZAPE 3241 Bd-XLo] tiiaelthYang %, 1997).
Hsp 90 Al el Fast 2Ax dgite) dwds
Eplo 2 7hch Hsp90 A 8j#l: Ras-Raf-1-Mek-
ERKS} PIK-AKt 722 =248 AA AE FU19
G1-S712 A7 Cdkds} Cyclin D12 B&43} A
21tk Hsp90 A#AE Raf-1, Akt, Cdk4®} 22 kinaseS
=243 A7, Akto] B34 8= BADBA-XL/Bd-1 ¢
o AEArE E21§02h9 Qaksle] 7AE ofy|sla,
o] A& AEANE A @A Bl-29k B-XLE 7HAAA
A= cytochrome C"] e *ﬂif\}”ﬂ‘?] F 5 E HSchu-
lte &, 1995; Datta &, 1999; Basso &, 2002). o]& ¢
oA six|e] Al g Al 17-AAGS] H 27} apop-
tosisE gl Havt ,\lﬁ’iﬁ}(Son 5, 2011).
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B =olA AFEhA e BE AR Sigma Ald-
rich Korea(Yongin, Korea)ol| ] 4] <)}?iit’r. R} Al€e uj
FNE TCM-199(Glbco-BRL, Grand Island, NY, USA)el
10% fetal bovine serum(FBS; Hyclon, Logan, UT, USA),
0.6 mM cysteine, 10 IU/ml pregnant mare’s serum go-
nadotropin(PMSG), 10 ng/ml -mercaptoethanol, 10 ng
/mi EGE, 1 pg/ml 17B-estradiol, 10 IU/ml human cho-
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rionic gonadotropin(hCG), gentamycin 25 pg/mle #7}
sed ARESkglE. A9} gkl 114 mM NaCl, 3.2
mM KCl, 04 mM NaHPO;- HO, 2 mM CaClz - 2H:0,
0.5 mM MgCl,- 61,0, 25 mM NaHCO;, 10 mM sodium
lactate® 7A€ Fert-TALPoll 0.2 mM sodium pyruvate,
6 mg/ml BSA, 25 pg/ml gentamycini} 25 1g/ml hep-
arin, 2 mM penicillamine, 0.1 mM hypotaurine, 0.05
mM epinephrine(PHE)E 71 & AR-aisich. =8k
Ao} kel 4§ 3UMZEAE 03% BSA7Y “4/}%
CRl-aa® AHESISlaL, 4 F 4ds%E= BSA tiad
10% FBS= F7hsted 447T wigFahalrh.
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E%%MV\% 3)4gk 2o UAE 75 ng/ml potassium
penicillin G7+ F7be A2]2 el ¥ol 25~-30T &
o] AHHlE AFAlz Sutslt) AR SubE ‘z}it
Aty 37°C e A9 s 3**1 ol MAT 7, el
%3./3 °] 3~6 mm A% & A 18 741 1A FARbE o
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Pk Aeld =g 50 111 A 10749 GETFS
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Fatith. Ao es dxae AL gk 3 A
4 F FAE G 8@ p)ol 10708 SAFL
a4 i«l AAE 210 /mu HE vE 9Fo] 25 ug
fml heparinat PHE Al A 7}6} % 385, 5% CO, &
Al A 227 Sob £4L %—Eék%‘ﬂ: Al A o]
g9 FAES ¢ 'Ml =y A7k 9 3 mg/ml BSA7}
7be CRl-aa Wi%FYol]l Alzalolon, Aol wijfkg &
50 pl 24 10704 &4 385C, 5% CO, 4 o}oﬂ*ﬂ
482171 wlekstalnh ol& ARG Jarge gkelslt 75/
10% FBS7} #7148 CRl-aa £l 96/\1?{} F7) s
AAEE 3 oa . A4S AT 17-AAG A el A)
Jufel Al A Ft MelEtgith
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2]y WiYEEE TL-Hepes 802 33] A% & 10 ng
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9 guinea pig complement® YT} 1:1002 fiViilﬂ
Gollof] 1AI7E <t Agaigith HF4 0 F TL-Hepes &
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2131 385T oA 1A1ZY ok wieksk & 38 Aa & L
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RNA 7} Real-ime Quantitative PCR

Dynabeads mRNA direct kit(DYNAL; Invitrogen, Cars-
bad, CA, USA)E AH&-3te] A15-% whde) ulel A+
F 10709) wiRkERAE RNAS ®EEd F 8 pl
RNA, 50 ng/ul Random hexamer, 10 mM dNTP mix,
10XRT buffer, 25 mM MgClh, 01 M DTT, 40 U/ul
RNase OUT, 200 U/l superscrlpt I RT7F £34 %
20 ple] E9HZ0IM DNAE ¥7) 918l 65C 5%, 50T
50%, 85C 5% HLE F 4TS] ABKACk o %A B
cDNAE FFO & PCRE 5 33}3r} Real-time RT-PCR
< Stratagene MX 3000P QPCR System(San Diego, CA,
USA)& o]83llal SYBR Green(Applied Biosystems,
Foster city, CA, USA)ell 443 cDNA 2 119} primerE
A7rste] HF okol 20 7k HE=E vk Ao A}
&% primerE2 Table 1°] #7181t} Real-ime 5%
X F’jjzg ‘0_ “C:‘.,Q.j} 71-0 7~/3 o Tag'}oﬂq.i wd] 95
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Table 1. Real-time PCR of primer sequences for apoptosis analysis
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g fmavhi RasgioviSon 5, 2011), & 1 A 9]
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Table 2. Effect of 17-AAG treatment on the development rate of
bovine embryos i vitro

No. of No. of No. of
Group oocytes embryos blastocysts
examined cleaved (%) (%)
Control 136 93 (68.4+12.9) 45 (33.129.6)"
17-AAG (2 nM) 129 92 (71.3+13.3) 28 (21.748.3)
17-AAG (4 uM) 134 89 (6649.0) 19 (14.246.7)

Experiments were repeated four times. Data are the meantSD.
Values with different superscript letters within a column differ
significantly (p<0.05).

Gene Primer sequence Annealing Product size
q temperature (C) (bp)
4 F- TCTGACGGCAACTTCAACTG .
Bax R- TGGGTGTCCCAAAGTAGGAG 60 205
F - GGTATTGGTGAGTCGGATCG
Bel-XL R- AGAACCACACCAGCCACAGT 60 195
b actin F- CTCTTCCAGCCTTCCTTCCT o s

R- GGGCAGTGATCTCTTTCTIGC
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Table 3. Effect of 17-AAG on the structural integrity of blastocysts
derived from IVF bovine embryos

No. of nuclei

No. of
Group  embryos

cultured ICM TE Total
Control 20 26.1554°  1146+11.8°  140.7+13.8"
17-AAG 20 17.245.6° 720¢107°  892+13.5
2 M)

Experiments were repeated three times. Data are the meantSD.
Values with different superscript letters within a column differ sig-
nificantly (p<0.05).

WEEe) AE ol AR FelAp} thehde 8913 5

S’,x?*‘?‘r(ICM 26.145.4 vs 17.245.6; TE: 114.6+11.8 vs 72.0
+10.7; total: 140.7+13.8 vs 89.2+13.5; p<0.05). o] 3 A3}
% 3l 17-AAGE] AE|7F A& A ghe) uinkzz o] )

WA 5EL ZAAT T B HuEe A SFEm
HEAAE Ae ST sl Wy cleld 2
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M ZAPE (self-direct apoptosis)> 57
o J3& W]il% T4 Uﬂﬂ@%ﬁ% ,
HEAPES FEdhs gzt B4 /\E;}“/\OO]
=2 %*ﬂxﬂ«] BG4 ol °‘E]-(Edwards, 1998). &

T2 WNEE Ul9] AlXAPE] FThE FA ) “L‘jo}‘“

ol AgslR] & ALl wd 5}740 k=
£A 12 9 @E}(Bettsa} ng 2001). w}a}/ﬂ Eﬂ
EA29] Ao & A FTAPE oo Aele 7]HX42E
gesitia & 4 Qrh B A4 17—AAGQ =27}
A uibaze] M o] GRS v HF FES AN

AL AN,

RS EH| Ao

2

lo H:l
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U= Aol AN vt e] Al 4 Zhaef whe)
MEAPEE] padel M WSS Ve =4 TUNEL £4

S S txT T 17-AAG A 27 2] DNA fragmentatlon
< IRISISItHFig. 1, Table 4). =L A3}, thzro] H]F
17-AAGE A g8 w]RkEd| A TUNEL 94 Hk2-9] slo]
A3 F7HgS EQlE 4 2191@(3911 vs 112428,
p<0.05). AFZAPE & Fo] Frh= U2 TR0 v
FollMe vje] FA 0 AEo] Lo Rarych
(Hao 5, 2004). o|¢} 7+& A7} AxAbd #E G4z}
o] A} *Jl?ﬂrﬁ?{rﬁlﬂ 31%7@ TAA R gRlstr] ¢
‘8}04 Aﬂfy}”ﬂ A FAEARI Baxsz} Bcl-XL. mRNAS] 3
3] 42 Real-time RT PCRS 3 74%—3}93\\:}. BaxtT
AZAPE S Fishs FAARA o] FHxte] ¥y F7}
© AEAPEe] o @o] dojdth= RS ouldts, Bo-
XL & AFAFE FAREA o] faxte) @y Aae
Al AL 2]k o] A& JojA] ETlsAl 2He3t

o 3 4 Aok &2 17-AAG %89 Bax m-
RNA 28-& nwsiel S w 17-AAG A @A 24

Fig. 1. Apoptosis image scanning of bovine blastocysts in vitro. A,
B) The chromatin content is stained by DAFPI (blue), A’, B')
fragmented DNA is labeled by the TUNEL reaction (green), and
A", B”) colocalization with DAPI appears sky-blue. Scale bars = 100
pm.

Table 4. Effect of 17-AAG on apoptosis in IVF bovine blastocysts

Apoptosis (nuclei)

No. of
Group
blastocycsts DAPI TUNEL
Control 20 128.3+11.3° 3.942.1°
17-AAG b b
17 96.4+9.9 11.2+2.8
2 M)

Experiments were repeated three times. Data are the mean+SD.
Values with different superscript letters within a column differ
significantly (p<0.05)
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Fig. 2. Relative mRNA expression levels of Bax and Bcl-XL during
the blastocyst stage determined using real-time RT-PCR. The expe-
riment was repeated four times, with [-actin was used as an
internal standard. Data are the meantSD. *p<0.05 compared with
control.
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