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Immunohistochemical study on the expression of bcl-2 protein during
follicular development and atresia in the rat ovary
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Abstract : In the mammalian ovary, follicular development and atresia continuously occur
during the reproductive cycles. Follicular atresia occurs through granulosa cell apoptosis.
Apoptosis is known as the physiological cell death, which is regulated by bcl-2 gene family. In
the bcl-2 gene family, bcl-2 and bel-xLong are known as inhibitors of apoptosis, whereas bax
and bcl-xShort are known as inducer of apoptosis. We thought that bcl-2 protein is associated
with follicular development and atresia. But it is not known that the distribution of cells con-
taining bcl-2 protein during follicular development and atresia. Therefore, to examine the distri-
bution of cells with bcl-2 protein during ovarian follicular development and atresia, the immuno-
histochemistry was used in the rat ovary. Bcl-2 immunoreactivity was localized in the interstitial
cells, theca externa cells and granulosa cells around of antrum. All positive signals were observed
in the cytoplasm of these cells. Positive signals were strongly observed in the interstitial and
theca externa cells of growing antral follicles. While, positive signals were weakly observed in
these cells from atretic antral follicles. Positive signals were very weakly observed in the gra-
nulosa cells of growing and atretic antral follicles.

According to these data, we suggested that bcl-2 proteins which were strongly expressed in the
interstitial cells and theca externa cells of growing antral follicles inhibit follicular atresia. And
we purposed that bel-2 proteins regulated follicular development and atresia through the action of
bel-2 gene family.
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EFFY dihts $AF) 0 o G2 443 g
37 Bl oA T o]F $AH3] A&dtd wg
o 77 0|2 d¥E AA GE 01% A s
o R G¥E 445 HiY 44 E ANA g9
ol ¥ ¢X 9 H3l: AAHQA HEAZ ¢ apop-
tosisol] ]} Yojey.

Apoptosisi= 180~200bp2] 7+3 A <] DNA A ¢, 443
o &3, X% FX, o} ¥ EA AL F(apoptotic body)
4 59 9eFHA ¥zt APO-1/Fas, TNF-q, bel-2,
bax, pS3 &9 FHAES H3E UEHOZ HE9 3
A2l necrosisoh= THE g o2 FAS T Q. ol ¥
frazte] W2 apoptosis7t Yojups A& o dA Y
#374& R ¥} Apoptosis }H & HH WA TNF,
Fas ligand7} 4] 9 2] TNF receptor$} Fasofl ¥h-g-3}4] o]
& receptor?] death domaing ¥4 3A7] 11 Flice(caspase
8)ell olaiA w|EZ=gobute) EalA 8 3H(permeability
transition)7} dojdt}. o] AAH A v|EZ= o} gt
9] cytochrome C7} HXd=2 W& Slo] procaspase 3E
caspase 32 HE G} YA 2l caspase 3+ actin, fordin,
lamin B, PARPE ¥ 3} ¥4 -& B3] DNAY
Ad, 89§53 3 AXAY 3¢ HolA g
olg BAA bel2e vlEE=2] ool A cytochrome C
o W& & At apoptosisE A 3HA AP

Bel-2& A2, vEEC o}, §AUAY L g9 5
of 928> apoptosisE A= fARo|W bel-2
gene familyol] 4:3}& bax$} heterodimerE &4 3} apop-
tosis®] fro] FAEH ol wj bol-29} baxe] FAu|
£o] MEe A& 327 d¥L . A&Hoz
apoptosis7H F Y& Ao A = apoptosis % A fH 2
bcl-2 ¥ bel-xlong® apoptosis Fr=-FA 219 bax L bel-
xshorte] o] By QuH>s

Aol A 9] apoptosise] HPL TEE o3 2EH
£ FSHS} estrogen& apoptosisE ¢ A} 549 '*° GnRH S}
androgen apoptosisE FE3= Ao g gl A Qg
F ¢ gonadotrophin®] 5ol = YA X 9] apoptosisE 9
AsA Hew ojd baxd] AG A YerdA €
T o]g 3EEEE apoptosisol Y FHAEL =
Asez ¢¥9 443} 53 apoptosisE 2HSE #

AApol o8] Yog BE Ao YFE) ¢¥e ¥F
3} H3tol AdE 714 oH3}) HANE o8 A
o Hepgty Exof @ d7s Yo

gzt 2 dFAE 87 dae 43sE G
Elgale d¥ oA TUNEL o] &} apoptosis7} Yo
U A¥Y £¥9 b2 gfdo] = AXE W
A3 8A wy o2 zAEIY T}

e 3 W

AHME Y =X : AYFE-S Sprague-Dawley 7
HARAT 250gm)E AH&etATh 23 & AH3) 3
o ketamine hydrochloride(#] El 2}, 50mg/ml)$} xylazine(E
£, 20mg/m))¢ AF 100gm7 0.15m! X 0.05ml¥ 4L
$4& B4 FAEIE ntAAR 5 AR 5o 4%
neutral buffered paraformaldehyde2 Y4 & BETAHINY
. BFIAE GAE AR FY nH YA 124
79 F14E& APt olef Spm FAS wely A
HE HEn v 249 JHE A7) YA
H&E g44& 4485

TUNEL ¥4 : Apoptosis7} 21 5= GX & #213}7)
98] Palumbo'’e] ol wi} digoxigenin-dUTPE o]
4% ApopTag Kit(Oncor, 7| )& A48t UG 2
% & proteinase K(20pg/m)E A 2] § ¥ equilibration buff-
erE A ste] H2o)A 587 w3 A A T) Terminal de-
oxynucleotidyl transferase(TdT)$} digoxigenin-dUTPE TdT
buffere] E3}3ted X3 2 plastic cover slip& Yol wet
chamberg o] 83} 37CA 1A 7+ vHgA|F ). Stop/
wash buffer2 WH3-& AR A|Z 1 anti-digoxigenin-perox-
idaseE ¥ 3o 308 ¥r-g-A7] F 3,3-diaminobenzidine
o2 A5 T hematoxylin®. 2 2 G N L 3o ALY
o] & 2oz WA NEE FAHUE HE2 3
F33id

A E XM EN HY : B2 g do] ¢dHE AX
& ZAS}7] A% oo 2 A2 GH 44
& AAET 2AZ A9 peroxidaseE A A 3}7] 93
A 4852571 0.3% H7HE methanole] 3027 2
3 % 0.IM sodium phosphate buffer(0.1M PB)d| 5837}
38 £ 14 YA 1:40~1:8022 N bel-2
mouse IgG(Calbiochem)E 4 Coll A overnight A 8] 35t}
23} £ 1:2000.2 34§} biothylated anti-mouse IgG
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(Vectastain)& Ao A §A]7t wH-§-A]71 ¥ peroxidase7}
EA ¥ avidin-biotin complex & oA FA|ZH WIS AH
o FAAYA 4 ¢AY 4% 0IM PBE 5874
33 4N 3t 3,3 diaminobenzidine(Sigma) . 2 ¥4 §
3 hematoxylinC. 2 2 G M S 3o AL gdHdog o
Al HEE YAANEE F8 ] ojg HEEY B
TE PAvjF oz 2AEAG

g o

B3 dAoA AGEE YRR dEFo] HE ¥
AEE 27) AdE(E7] A% 377 BHE B
2 gxje] FdUE F7] oF AdE(FV] olF Ad
¥)E 3oz A o] dEEFA AFse
GEs} Badte ¢¥ o TEL Hughes's} Hirshfield et
al'd] 7120 wet HYPAE7} (YD FHHLE ¥
dEn A8 Bole GIE AR E GEES, YA
EFo] gAY EFA AR WigdH I8 FPA
¥7h GEE gEAY AR Yo] $5 T B
o} Qe GEE Hise d¥2 BT o)
2729 71Fd A& 32 FEo tj3te] TUNEL Yol 7%
g GANEE e A2 ba2 @A FEA
XE 1 WA R et £AVEH Table 13} 2 A5
£ 4tk

AAse 27] AdEA TUNEL Yo Fgurg2
FHAL, GEHAY, FEAENME BEHA G2
bel2 @ Ae] g FYFEHEE o]E GEFU
DAATAAN Z3A #2HEAT FEYLAEAME
FALH T BEHNOH G F99 JYPAE
AME 259 FHNHSHAEE B 5 UATHFig 1a,
1b, 1c).

ARE F7) o|F FdEAA TUNEL Yo F4ig
& GERAE, A XA FEHA G 7
o FPAZAME FPEo] BEHA Ygkoy &
X% F9 92 F2FY AZEdN G FATE
BEHAG. o] AXAA bel-2 o] hg FA
SHEED GEFUSY NEHAE, TEYGAESG G E
T F99 FHATEAN FYHEHNEE AR 7
A1 cH(Fig 2a, 2b, 20).

Halste 7] 3ol TUNEL gl 28 S4d
4% JEle AXEL G2 g P45 YE
FHAZS GEZUNE B E R A2 BEHY
I GYXRAES HAAFAME FhTY AFAA T
oFF o F FAuHEo] HAHA. B2 I P @
FHFEAEEL o8 A XA BREJ oY 1 vy
o] FYT 259 BEF FH HFPMTAME %
A # 2 5 A th(Fig 3a, 3b, 3c).

Hatste 3] ofF ZdE oM TUNEL o Fgu
+¢ Uehlle AXEL FPAES B3 Y2 8
g HEAN 23 FANEE UL dEFAESY
BAARARE F4dEol HBUA FRT o] A
FoA bel-2 @A) g FuELS FERAE G
HEZ FH9 HEAE, FFAXGN FREHNY
obF oF g %gul&-& Hehui U tHFig 4a, 4b, 4o).

oz &

G2 Hie HAEY apoptosiso] 2} 3] Jojdrt
3 Qo Palumbo ef al "¢ FHPME o) FETA
Zo| M X apoptosis7} AHEE Bt & 7NN
= E3ete dx o FYPHE A TUNELY 23 44
48E 72 AL 4 NI GEFATS QAAE

Table 1. Appearance of apoptotic cells and expression of bel-2 protein at different stages of follicles in rat ovaries

Healthy follicle

Atretic follicle

Early antral follicle Antral folliclel

Early antral follicle Antral follicle

GC TC IC GC TC

GC TC IC GC TC IC

TUNEL - - - - -

Bcl-2 + ++ 4+ + +4

+++ - = = -

+ + + + + +

Signal intensity ; -, no or very weak; +, weak; ++, moderate; ++ +, intense. GC, Granulosa cell ; TC, Theca externa cell; IC, Interstitial cell.
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dxe FAFY AXGAD o}F o FHNEE Y
Etijo] B9 HAE F2 I UA X apoptosisd] <] )
A dojdg 8% 4 AU

d20 A apoptosisE A3 bel-2 B H 9 wHof
A% AT E Krajewski et al & bel-2 protein familyol] 4
3 bak @9 do] Y uute) A Hsu ef al ' bl-2E
3r}at A BEA|Z) transgenic mouseo] A bel-2 T A o]
GIGAES AT AEFA dEEYd R B
9tk B dFAE bal-2 ggo] ¥ F 9 74a
AX, dEgUAXS dx7 79 FPAZANAN ¢d
HAow AR 27 23RS F7] o)F Fdxy
GEFAY THATS GEHATY NEHAA F
37 L@ sl apoptosisE A A F L HFdE 27 Fd
o A AM T} FE LA A 3tA T
#so] U9 437 Hjo] e L% BE g
o Zo)E B

Foghi et al ™ apoptosis7} §'43H74 VYA % o
¥etA ¥} ZHAM ¥ o] TGFes} TGFAS E A el & bel-
2 mRNAE A 3A FAAA apopiosisE F 2312 o &
ztz+e] dE A2 & ba-2 mRNAY] Z7}¢} ICE (interleukin-
15 converting enzyme)?] ZHA 2 apoptosisE S A gTin
BaEc) o] die GEGH IS HAA LA
bcl-2 mRNAS] F7191 7+A4 7} apoptosis& Fr =8t AY o
A3t #ho] Jvhe AL oujde] 219 93]
#otn Ao 4H B 479 978 2a 897
¢} g2 o)A bel-2 mRNAE HAA X9 G utA ¥ o
A FE 2851 38 e 3¥Y FAHEY d¥9
FAEANME FHF] TR oY Hse GEY
ol MXdMe gAdE 2242 in situ hybridizationg
84 gegrd oz ga v g}

EH dxe] GHAFNA bel-2 AL dx 9 A
3} g3t dAglel AgH oz GHEHYT FHYY
WaE gl Tilly et al > eCGequine chrionic gona-
dotropin)7} 3} Y M FE 2] apoptosisE A FEXE A
7Y dx e} A4 83 bel-2 gene family] bel-
2¢} baxol] 98 FEH 3 eCGE Rl BXE 4%
A F FPAEo| A Y bel-29} baxs] HBE w| LR
g 23} b2 mRNAE 117£11% AEE Z7l8ts wig
~ bax mRNAE 29+5%2 #4840 Eag gt o)
E3}9 bel-2 ¥ bel-xlong mRNAS] ®3le A dFs
A% bax mRNAZ} HAdte] G2 9] A& {E8H

Oltvai et al'o] B.I1% becl-29} baxd] H]&o] AX A
& 4% g8 e A4S FEHEFUG. 2 5
e d¥ o AYHETE B¥ 423 Ho BAY0)
bcl-2 mRNAS] 2@ Fo] dASA 4t Wi Hi
Bt B X FHANEAA bax mRNAZF @A & A 57}
3] d¥o] HiE FHE Yy oE HAFY
o o] ARE GEY FPH XA bel-2 g o]
AAde GE 9 HAFE G E SH Y] WEs}
fote & 479 A9 gX&sT

Hsu et al¢ bcl-2& Fv}sls] @7 transgenic
mouse®} HA7t FUHH R dXE I} 5% o]} £ B
Aov PMSGE Huj @& FE g o whego) AT
€ 17% ¥ 2.1} transgenic mouser 61%E Z7}5 o] bel-
298] Fopd dEo] dx e A wid e FNAY
1 2ug ub 9lch Ratts e al & A A bel-29] A7
of o AGES G F7t FolEe AL B
Atk B dFolAE b2 Ao A e AR @
Ak Y] A Mol AFste Gy Gy g9
MESL AH TN B o] LT HE):
GES g AEME HE Fo] HHHAYUT

Kudlow et al ] TGF-a(transforming growth factor-a):
GEGA LG AN E FHo| HAT FHH T &
Agte F&AML ¢gdtd APGANEE 4T, E3NA
GXE AFAAT D Badidh g2kA b2 g9
T AT GX YA F2 dHEH B¥
H3E JASRAT o]E b2 G YEOZ g
3t el oy g} bel-2 gene familye] bax, bad, bel-xLong
Y duFY AL B HIAgos d¥Y A
A3 E3tE 2H8E Ao F&H0.

i 8

¥4 29 AFde dEd HiseE J¥A
apoptosis& 7 3HA A= bel-2 BFo) s :
HEE Z2A87] Y13t d2738 YA E 34 d¥EES
Aoz 27 GRS F7) olF Y AT TR
R o] & GEEANAM HA3e G2 HIde ¢
£ TUNEL 4+g-o w2} apoptosis | ¥ 9] 28& ZAHe}
I GEY 443 E3le) e b2 @Y FHAEL
E U2 g oz 2AEg T

Bel2 @ e RE XM G¥F9 1FA

- 30 -



¥, dxuAze G¥F F99 JYPMEM 2F
HReu 4Fde 27 FdEs A3 37 olF B
wxo] ZANESG dFYRA RN g PSS
YERfA
A FoA g FAWNEE Yehio] A4 E3lo) uf

Fig 1 and 2.

Fig 3 and 4.

& AolE YEhiith a2 FPMEME dE
A3 Hotd i 2d9 W 225 Gy
m2tA bel2 9 FE GEF HAA XY
GETA oM BEE 2 JA}E XY o]E AX
M F718te] apoptosisE A AT Ao HZHA}

olf H3tete dx o) HAAEL FEAT

Legends for figures

Localization of cell death and bcl-2 protein in the growing follicles.

la: In early antral follicles, granulosa cells appear healthy and form multiple layers surrounding the oocyte. H-E. The
bar represents 100pm. 2a: In a preovulatory antral follicle, large antrum has formed, granulosa layer was thick and well
defined, and the oocyte were surrounded by intact layers of cumulus cells. H-E. The bar represents 100pm. 1b and 2b:
Positive signals of TUNEL method in the growing follicle were not observed. 1c and 2c: Positive reactions of bcl-2 were
observed in the interstitial cells, theca externa cells and granulosa cells around of antrum. Especially, bcl-2 proteins were
strongly expressed in the theca externa cells and interstitial cells. A arrow indicates interstitial cells and a arrowhead in-
dicates theca externa cells.

Localization of cell death and bcl-2 protein in the atretic follicles.

3a: In early antral follclies, granulosa cells had pyknotic nuclei and were detached from the antral wall. H-E. The bar
represents 100pm. 4a: In the antral folticles, granulosa cells were partially detached. H-E. The bar represents 100pm. 3b,
4b : Strong positive signals of TUNEL method were observed in the granulosa cells. Arrowheads indicate apoptotic nu-
clei. 3c, 4c: Positive immunoreactivity of bcl-2 were observed in the granulosa cells and were weakly observed in the
theca externa cells and interstitial cells.

apoptosis by bcl-2 : release of cytochrome C from mi-
tochondria blocked. Science , 275:1129-1132, 1997.
6. Kluck RM, Wetzel EB, Green DR, et al. The release

#u2#

| = |
[

. Hirshfield AN. Development of follicules in the mam-
malian ovary. Int Rev Cytol , 124:43-101, 1991.

. Tsafriri A, Brow RH. Experimental approches to a-
tresia in mammals. Oxf Rev Reporod , 6:226-265, 1984.
. Hughes FM, Gorospe WC. Biochemical identification
of apoptosis(programmed cell death) in granulosa cells

: Evidence for a potential mechanism underlying fol-

of cytochrome C from mitochondria: a primary site
for bel-2 regulatory of apoptosis. Science, 275:1132-
1136, 1997.

. Muzio M, Chinnaiyan AM, Kischkel FC, et al. FLICE,

a novel FADD-homologous ICE/CED-3-like protease,
is recruited to the CD95(Fas/APO-1) death-inducing
signaling complex. Cell, 14:85:817-27, 1996.

licular atresia. Endocrinology , 129:267-277, 1991. 8. Nicholson DW, Ali A, Thomberry NA, et al. Iden-
. Schwartzman RA, Cidlowski JA. Apoptosis: the bio- tification and inhibition of the ICE/CED-3 protease
chemistry and molecular biology of programmed cell necessary for mammalian apoptosis. Nature , 6:376:37-
death. Endocr Rev, 14:133-51, 1993. 43, 1995.
. Yang J, Bhalla K, Kim CN, et al. Preventation of 9. Hockenberry D, Nunez G, Milliman C, ez al. Bcl-2 is

- 31 -



FAFESS

£ ¥

«“.-q_— L




10.

11.

12.

13.

14.

15.

16.

a inner mitochondria membrane protein that blocks
programmed cell death. Nature , 348:334-336, 1990.
Jacobson MD, Bume JF, King MP, et al. Bcl-2
blocks apoptosis in cells lacking mitochondrial DNA.
Nature , 361:365-369, 1993.

Oltvai ZN, Milliman CL, Korsmeyer S8J. Bcl-2 het-
erodimerizes in vivo with a conserved homolog, Bax,
that accelerates programmed cell death. Cell, 74:609-
619, 1993.

Tilly JL, Tilly KI, Kento ML, et al. Expression of
members of the bcl-2 gene family in the immature rat
ovare : equine chorionic gonadotropin-mediated inhibi-
tion of granulosa cell apoptosis is associated with de-
creased bax and constitutive bcl-2 and bcl-xlong mes-
senger ribonucleic acid levels. Endocrinology, 136:
232-241, 1995.

Johnson AL, Bridgham JT, Witty JP, et al. Suscepti-
bility of avian ovarian granulosa cells to apoptosis is
dependent upon stage of follicle development and is
related to endogenous levels of bel-xlong gene expres-
sion. Endocrinology , 137:2059-66, 1996.

Billig H, Furuta I, Hsueh Al. Estrogens inhibit and an-
drogens enhance ovarian granulosa cell apoptosis. En-
docrinology , 133:2204-2212, 1993.

Chun SY, Eisenhauer KM, Minami S, et al. Hormo-
nal regulation of apoptosis is early antral follicle ; Fol-
licle-stimulating hormone as a major survival factor.
Endocrinology , 137:1447-1456, 1996.

Billig H, Furuta 1, Hsueh AJ. Gonadotropin-releasing
hormone directly induces apoptotic cell death in the
rat ovary : biochemical and in situ detection of eox-

17.

18.

19.

20.

21.

22

23.

-33 -

yribonucleic ack fragmentation in granulosa cells. En-
docrinology , 134:245-252, 1994.

Palumbo A, Yeh J. In situ localization of apoptosis in
the rat ovary during follicular atresia. Biol Reprod , 51:
888-895, 1994.

Krajewski S, Krajewska M, Reed JC. Immunohisto-
chemical analysis of in vivo patterns of Bak expres-
sion a propoptotic member of the Bcl-2 protein family.
Cancer Research, 15:2849-2855, 1996.

Hsu SY, Lai RJ, Finegold M, et al. Targeted overex-
pression of Bcl-2 in ovaries of transgenic mice leads
to decreased follicle apoptosis, enhanced folliculogene-
sis, and increased germ cell tumorigenesis. Endocrino-
logy, 137:4837-43, 1996.

Foghi A, Teerds KJ, van der Donk H, et al . Induction
of apoptosis.in thecal/interstitial cells : action of trans-
forming growth factor (TGF) alpha plus TGF beta on
bel-2 and interleukin-1 beta-converting enzyme. J En-
docrinol , 157:489-94, 1998.

Z%A, 18, 455 5. 87 d¥9 437 §
3}o} w}& CDK inhibitor(CDI) p57 ¥ bel-2 mRNA
. o jhaf 583l x], 31(3):361-370, 1998.

Ratts VS, Flaws, JA, Kolp R, et al. Ablation of bcl-2
gene expression decreases the numbers of oocytes and
primordial follicles established in the post-natal female
mouse gonad. Endocrinology , 136:3665-3668, 1995.
Kudlow JE, Kobrin MS, Purchio AF, et al. Ovarian
transforming growth factor-alpha gene expression : im-
munohistochemical localization to the theca-interstitial
cells. Endocrinology , 121:1577-1579, 1987.



	1: 


