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Effect of Cryopreservation on the Heat Shock Protein 90 Expression
in Mouse Ovarian Tissue
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Objective: Heat shock protein family is related to protective mechanism of cells by environmental
changes. This study was performed to evaluate the effect of cryopreservation on the heat shock protein
90 (Hsp90) expression in mouse ovarian tissue.

Methods: Cryopreservation of mouse ovarian tissue was carried out by slow freezing method. The
mRNA level of Hsp90 expression in both fresh and cryopreserved mouse ovarian tissue was
analyzed by RT-PCR. The protein expression of Hsp90 was evaluated by Western blot analysis and
immunohistochemistry.

Results: The mRNA and protein of Hsp90 were expressed in both fresh and cryopreserved mouse
ovarian tissue. The amount of Hsp90 mRNA was increased in cryopreserved ovarian tissue after 60 and
90 minutes after thawing and incubation. The amount of Hsp90 protein was increased in the cryopreserved
ovarian tissue after 6 hours of the incubation in Western blot analysis. In immunohistochemical study,
Hsp90 protein was localized in cytoplasm of oocytes and granulosa cells. Significant level of
immunoreactive Hsp90 protein was detected in theca cells contrast to the weak expression in ovarian
epithelial cells.

Conclusion: This results showed the increase of Hsp90 expression in both mRNA and protein level
in the cryopreserved mouse ovarian tissue. It can be suggested that Hsp90 may play a role in the
protective or recovery mechanism against the cell damage during cryopreservaion.
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of A58 Q] st BA-83 F dh =
Z W Hspoo @ 4] ¥3slE mRNASH B9 2
FEAA ARSI

B7) 14N 47 Ao
F5718 2485 23 Holg FEI) FFEA
34539 ICR A% 4R AHAE AT
479 A AFHE AFolY (cervical dislocation) =
AN T, AR 45 dAE HEUT A
&% d4¥ Dulbecools-phosphate buffered saline (D-
PBS; Gibco, USA)OIA &8 Z& ol839 1 mm’
3712 Adsct

2. Y3 o =Ho 32 Y 83l

i 20 FAREL g o] Atk
oy da 2ZHEE ice-cold 10% fetal bovine serum
(FBS; Gibco)-PBS®!| 1.5 M dimethtyl sulfoxide (DMSO;
Sigma, USA)2} 0.1 M sucrose (Sigma)7} =010 &
2 W FAo) 1587 A& FEARIA] JAFE
£o)abA 33t} 2 aryogenic vial B 4709) YA A
HE Yo) JAFAHEERY] (CryoMagic, WF o]l Y,
Korea)ol X ¢+t B2 & AA 89tk va 239
2 33 0T AR T, 0CoHA 7T
7R B2 2T8 EEE SAA7 L, -TCAA %
5E7F AAEIS oW AgtAho] Yol 53R A

14 o]-88l seedingS AAIBIATH ThA] -7°CollA
4T E £7 03T E5& A7, 40T
oAl -140°CAHAE B 10CH 32 F, -196T
Aglds B30 Yo R@

v 22 g3 IS 48 E4 AR
cryogenic vial 3]43}od, 2o A 3023t WAF
#, 37C water bathollA] 283 §31& A8
85 JA FHE 1.5 M DMSO, 1 M DMSQ, 05
M DMSO 10% FBS-PBScllA] £3}8 02 A3 sl
FARIAT AAHEES & F, ThA] 10% FBS-PBS
oA 33] A
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wjokol-& g-minimum essential medium (o-MEM;
Gibeo)oll NaHCO; (Sigma) 2.2 g/L, penicillin G (Sigma)
0.06 g/L, streptomycin sulfate (Sigma) 0.1 /L& #H7}a}
o] AZ3L1, 10% FRS, insulin (Sigma) 5 pug/ml, so-
dium selenite (Sigma) 2 pg/ml, transferrin (Sigma) 10
ug/mi$} folligon (MIT medical, Korea) 1 [U/mlE A8
@ wnic} Holskich

WA Z219] v Transwell insert (Costar, USA)
ol A AABIH L. Cluster platel = 2.6 ml, transwell
insertoll &= 1.5 ml9] Ml GNS dol 24413k F4F A
Hl 9k (5% CO,, 95% air; 100% humidity; 37°C)& AA]
3 &, Z4zte] plateol] 8709 WA ARG ol wj%
0}93‘:}.

3 (Histological study)

FEL 98 dA EHE 10% formalin

AP, T2 BolA] 2417 B¢
o} & 50%, 60%, 70%, 80%, L& 90%
ethyl alcohol (BtOH)oIA 242} 1A1ZHY 13], 100%
EtOHO A= 1A17HY 23] @7} Fof gat3lth Xy-
lene® EtOHO] 1:12 47 &-AollAj 1417} xyle-
neol| A 1AIZHY 23] 9] 213 T4-& AAI8ISITE 60TC
Q Bl A, paraffin®} xylened 1: 12 41-& g =
A& 24A7F Bt BAE AL, A 100% paraffine]
24A7F A X 8led Ev)EFd Tk MicrotomeS ©]-&5}Ha

s

2o} 228 5 pm FAZ Fe} AL AL,

Z2) ANE slide glass (Fisher, USA) 9ol &)1

30C9) slide warmerol| A 24X)17F AX]8F5Th

22 EUE FA7] Yl xyleneo A 384 33]
ol paraffing A A3t 1, 100% EtOH A 134
23], 90%M A 60%7HA ZF 184 imﬁ}oq T3 %
e AN 23 ARG FH 158 27t
¥ %, haematoxylinol| A S¥3+ & o}_ﬂ, FE2=E
oA 183F RolFE F, acid aleohol (HCI + EtOH)O]

0_}:

43 AFA7|1, Z2F BolA oAl 180 QoS
2ok EA-50°ﬂ/\ 3R FAE T, 80% EtOH, 90%
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1) RNA £&

5A-89 A% ¥ 228 27 0, 30, 60,
g3 908z A9 uj et RNAE "}‘*%’3}9\"1‘5}.
A RNAE Trizol reagent (Gibco)S AHE-3tH
81907 RNAY] A% spectrophotometerE /ﬁ-% 3}
o] 260 nmeilA] /\lbﬂo}‘}iu‘n

2) Reverse transcription (RT)

HhS- E3HE-2 RNA S ug, 5X reaction buffer (50 mM
Tris-HC! pH 8.3, 75 mM KCl, 3 mM MgCl,, 10 mM
dithiothreitol (DTT)) 8 pl, 10 mM dNTPs 4 ul, 10 pmol
Oligo (dT);s 10 pl, RNA inhibitor (RNAsin) 1 pl, murine
leukaemia virus (MuLV) reverse transcriptase (Promega,
USA) 1 pl, 22} 11 diethyl pyrocarbonate (DEPC)-DW
do] Az 237} 40 wrt S Sk o7

[eJe] \;]O
ues e

(Perkin-Elmer, USAYE AH8-81d 65°CollA 1048, 37T
oA 608, 1T 95°ColA SE FF FHAF ¥
< Agste] cDNAE THE F 4Tl B@3Ich

3) Polymerase chain reaction (PCR)

AAAL Hk2o) o5 FHEO| A ¢DNA 2 yl, Tag
polymerase (Boehringer Mannherim, Germany) 5 U/ul, 2
mM dNTP 2 pl, 10X reaction buffer (100 mM Tris-HCI
pH 8.3, 500 mM KCL, 15 mM MgCl,) 2 ul, DW 9.9 pl,
10 pmol primer 2 I (Bioneer, Korea)Z PCR tube®] ¥
31 Robo cycler gradient 90 (Stratagene, USA)= ©]&
3o 38 cycles?] PCRE A8 TE PCROIA 2o
A AL 2% agarose gelol A A719 5T F, eth-
idium bromide® @48ta] UV 3ol A #F&33ich
o] mouse P-actin gene product™ positive controlZ
AHE-EI AT

6. Western blot &4
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mineral oil & ¥ DNA thermal cycler

22 & ALl 0, 3, 6,
e 94 WY F 3 e tgen wa
AL &390 dA 23 489 7 lysis buffer

(0.25 M Tris-HC] pH 7.4, 0.5% NP-40, 20 uM Leupeptin,
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Figure 1. Comparison of follicles derived from fresh- and cryopreserved-mouse ovarian tissue. A. Follicle in fresh-
ovarian tissue. The follicle has an intact spherical follicle with small space between granulosa cells and spherical oocyte.
B. Follicle in cryopreserved-ovarian tissue. The follicle shows lack of granulosa cells and its theca cells are pulled away

from the follicle edge and vacuolated.

4 mM phenylmethylsulfonyl fluoride (PMSF)) 100 plE
Be & #AEN712 43 B85l 4T, 15,000
rpmoll A 1583 AR 31 5 AqHE eppend-
orf tubeel] 8t 45 A& 10 pi¥ BF 3o
A5t LA A B F -70CoAA 2@l
o A7195E A7) Aol 9ldg dg
oA 591 ¥, Bradford method (Bradford, 1976)2
WA Fe AFoATE”

2) UGB

9elA-S 2X sodium dodesyl sulfate (SDS)-polyac-
rylamide gel electrophoresis (PAGE) sample buffer (60

A=
&
s

mM Tris-HCI pH 6.8, 4% SDS, 10% glycerol, 0.025% -

bromophenol blue, 5% B-mercaptoethanol)9} 1: 12 ¥
£ F 98TolA 53 Ak £ sample S 8%
SDS-PAGE gel®ll loading 3 %, 100 mVollA] 3X) 7}
A719EE ATk

3) Transfer

A719% ¥ gel transfer buffer (39 mM glycine,
48 mM Tris base, 0.037% SDS, 20% methano)Z 3}
2 transfer kit (Boehringer Mannheim)& 0]-£-3}4] 10
mVell 4] nitrocellulose membrane (Amersam, USA).C. &
4°C cold roomollA] 12A12F &9t transferslTh

4) Antibodies #2|

Transfer ¥ nitrocellulose membrane<- blocking so-
lution (5% skim milk, TBS-T buffer (20 mM Tris base,
137 mM NaCl, 0.1% tween 20)°ll 4] 2A)3} blocking 3+
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% TBS-T buffer2 nitrocellulose membrane g A3 3}
Atk Hspoool o 3k 12+ 3 rabbit polyclonal IgG
(Santa Cruze Biotechnology)E TBS-T buffer® 1:
3,0002 3)A%+ Aol nitrocellulose menbraneo 231
1713t FeF X253, TBS-T buffer2 1584 33 Al
A3t o]F 23} AR peroxidase-conjugated bo-
rse anti-rabbit IgG (Jackson Immuno research, USA)E
TBS-T bufferZ 1:5,0002.% 3]413F Ao nitrocellu-
lose membrane2 ¥t 1A1ZF €3 H, TBS-T buf
far2 1584 33] AFsGlch W30l €' nitrocel-
lulose membrane®l] ECL detection solution (Amersham)
S BARE ¥ Xeay filmolA 383F =82)7]0 B4
319 bandE RIS

5) Optical density & X SH A&l

5A-83 & 33 whEG F 7 Aoy &
o] gL 0] 8-3}] Westen blots AASI3T
A9 filmoll A Z} band 2] densityE densitometer
(microplate autoreader EL311SX, Bio-Tek instruments)
£ o] &3t 595 nmolA] EAEtA] v Y ARE Em
density®] *tol& @&t 7+ AE gE9] 4
2 #0242 Student's t-testS ©]-831% 31, pgte] 0.01
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Figure 2. Temporal changes in Hsp90 expression from
fresh- and cryopreserved-mouse ovarian tissue cultured
in vitro: A RT-PCR study. RT-PCR products Hsp90 in
fresh- and cryopreserved-ovarian tissue (218 bp). M; 100
bp ladder marker.

4 23], 100%, 95%, 70% EtOHO A} Z+z} 584 2
3] hydration A7l ¥, S/l 587 A5}
THE sodium citrate buffer (10 mM pH 6.0)°ll A
120°C, 20423} autoclaved}t3 T Aol F£3] 4
HE T 0.3% H0,7F £°19)%E methanolol] 1023}
endogenous peroxidaseE |45}tk Pap pen® 2 ¢
A& &3 F9E I8 & blocking solution (5% NGS
(normal goat serum), 1% Triton X-100)S Bojrtg &
ulg] FH|8 & F& chamberol] Wol 1417 5
incubationdF1t}. PBSE A& &, Hsp90ol gk 12}
A1 rabbit polyclonal IgGE 1:80F blocking so-
lutionel] 8418t A ZA el Hojxd F 247k
%52} chamberol| 4] incubationd}il, PBSE 1523} 23]
A2 8191t} Biotinylated anti-mouse and anti-rabbit IgG
(DAKO, USA)E FA W& Hojg| 1 408 5
chamberol| 4] incubation}3L PBSH|A] 1587 23] A
319}, Streptavidin-HRP (DAKOQ)E 54 H& 9

o= 11 40% B2 chamberol A incubation A|7] 3,

PBSE 1083t 23] AlHsk3itth 3,3 diaminobenzidine
solution (DAB substrate/chromogen system; DAKO)S
goj=d & 1083 AR FRFE 1083
Aldata, PBSo 7k AX ¥ hacmatoxylin (Sigma)
O 2 2~3%7F counter staining3}3th F5/-4ol 5~
1027F YolE F, 80%, 95%, 100%, &}l xylene
o) A 1024 23} hydrationd}3L, PermountZ ©]-&3}
o} mounting & § A7 slojA] B2
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Figure 3. Time course experiment for assessment of
Hsp90 translational activities: An western blot study. A.
Temporal expression of Hsp90 from fresh- and cryopre-
served-ovarian tissue. B. Relative optical density of Hsp
90. *p<0.01
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1. S4-83 290l U4 =E U HEo F
ENEHE WSt njx[= Hek
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Nz FElE Holx 9101, granulosa cell®} &
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=t} (Figure 1).
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Figure 4. Immunohistochemical localization of Hsp90 in follicles of fresh- and cryopreserved-mouse ovarian tissue.
A. Negative control without primary antibody. B. Positive control - testicular tissue. C. Follicle in fresh-ovarian tissue.

D. Follicle in cryopreserved-ovarian tissue.

AL AAN A&
9047H<] Hsp90 mRNA2
(Figure 2).

3. SE-Bdl
BHA Qi5i0) O[X|

ZAoME Ak 6054
F7HE ¥EE & I

LA ZF L Hsp90 T

2 AFY dA 2AS 747 A9olA o, 3, 6,
223 9AIRE Bt ujgE ¥ duA g &5
western blot analysisE A8 TE FA5HR] &2
Wi 22& A 319E W Hspoo T
AT zolg o)A ggpov), F4-83)
JJr & AR di 2A0ME Adug 6X)0A
Hspo0 @i W&do] fo3iA 3713 838 &
DA (Figure 3A). 52-§38 AL 33 v& 5
Z da 202 RE 9A S F58l9 Westem
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blot analysis& AAIEH3TE 4F ZAloA oA
band9] densitys £33 F B4 A A (p<
0.01) A2)uYF 6213t Hspoo T 2do] f-9f
3 F7FE 33T (Figure 3B).
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4, LA T LY Hsp90 CHHZA wis 2f 10|

29 W9 A5E 1% negative control2 pn'm-
ary antibodyS A8l &2 G4 A Y B

XA £ FHol FAo] AFHA ¥ES 2}
Q3R T} (Figure 4A). 3+ positive control ZA4] A2
Z3 &AM, A 22 U A4 Axe] AE
ZolA Hsp90 B¥ido] HdHE A& #2E
A1} (Figure 4B). dA 22 HH)A] Hsp90 anti-
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losa cell A X2 oA Hsp90 T do] wEg =
& AT} (Figure 4C). G 0]9) 9] 319]of A
theca cell®] M| Z oA Hspoo T Ao wtgo] o
ZE o, dah A FHoME A BHH
A e AL AEEAT (Figure 4C). F2-§8 &
6A1ZF 3 Al uidst G Aol GA] GF
Ao} AEZA7 granulosa cell®] A &0l A Hspo
wil o] wH g B3 T} (Figure 4D). 3 W
Z3 9] theca cell®} Al FE Ao A Hsp90 wHil A o
23S BEY 7 AT, A 229 Hy] 4 X
A= Hsp90 i o) ds Ao #2284 gl
v} (Figure 4D).
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ZZ o] A= Hsp90 mRNAS} & oFAto A Wrta
ZHolg JEE 4 glglov, BA-FIAAN Y =
Aol A= 6023 900l Hsp90 mRNA H&o] Z7}
sk e B2 F YA (Figure 2). T7HE Hsp
90 mRNAZ} S8 o)) o] 85 9 =x] Yotr )
213ke] Western blot analysisZ A 3ttt F28HA
G A 22 -8 dAa
3,6, 282 9AIZF Fet AQolA v F Hspoo
g o] Wy wskg B BhskA ¥
WA Z2AA HrE HEE A3 5 QU A
o vlgle FA-FNAIZ PA Z2F o) wo)u)
& 6A1Ztol Hspoo wrelAe) 712 e 5= 9
T} (Figure 3). ©]= 5719 Hsp90 mRNA7Z} ©aid
Pl o] &HUSS HAF T oy, TA-§3)
oA Wz AT 2EH 20 93t 23
9] &4 38 71702 Hep9o Tl Fo] B 4
Ut 7Fe g RAAAT ¢ Jde dveta A=
"ok

oF171A] Hsp909] A&t 28 7|2 daljr=

.
T ol

242 A7},
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SR)A] ggkort, FA-83 HA Bt A He
9B 2702 QI3 duldo] MAE T, FH g
HAYZ o] FA FAY, AX U EZ t)A} o]ido]
BAENE u, GG FAE A5k Hspoool 2
o] F7EE Aoz AZErh Hsp90 T Aol
v 23 Yol A ddEHE F9E FQdshr] 9st
o WAz HG AN A, G A U ¢
A}, granulosa cell, T2)3L theca cell2] M EZoA ¥
a5 AL FEFH 5 AYTH (Figure 4).
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