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= Abstract =

Steroid hormone is known to cause the dynamic changes of mammalian uterus during
reproductive cycle. However there is little information about the effect of estrogen (E) and
progesterone (P) on the expression of various transcription factors involved in gene expression.
Thus the present study was designed to demonstrate E and/or P-induced expression of c-Fos,
CREB, ATF and HSP70 in rat uterus.

Rats, ovariectomized (OVX) for two weeks, were divided into 6 experimental groups, 1) OVX,
2) OVX+V, 3) OVX+E, 4) OVX+P, 5) OVX+E+V, 6) OVX+E+P, and western blotting assay
for nuclear extract and immunohistochemical staining were carried out for each experimental
group.

Treatment of E (10ug) showed to increase the expression of c-Fos, CREB, ATF, and HSP70,
and maximal expression was occured at 3~6 hr after E administration. P (1mg) also increased,
but much less than E, the expression of c-Fos, ATF, and HSP70. However, P did not reveal any
effect on the expression CREB. P treatment 4 hr after E injection decreased c-Fos, CREB, and
ATF expression, but did not show any change in the E-induced HSP70 expression. In
immunochistochemical study c-Fos-, CREB-, and ATF-immunoreactivities were confined to the
cells of luminal epithelium of uterine endometrium, These results suggest that proliferation and

differentiation of rat uterus during reproductive cycle may mediated via expression of transcription
factors, such as c-Fos, CREB, ATF, and HSP70.

Key Word: Uterus, Ovariectomy, Steroid hormone, Transcription factor, Western blotting,
Immunochistochemistry
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EGF9 AgE DY F7] (estrous cycle)% %
o] PejA, 7|5 H oz Waleln glon, ®
FRE wRE FAAAA ol Re] R *3‘%‘21]
2 B3 2 =S AT =AML 3}

e Lol k. o)st 2L AP 27
of ¥ahe AR A F (hypoth-
alamus-pituitary-godadal axis)ol] ]38l ZAH & es-
trogen¥} progesterone®] ZH-8o) oJFA FEEHI
Ago] g&lA| 2 gheh (Finn & Martin, 1969; Cook
& Hunter, 1978; Kim & Cho, 1982). 1&j\} A}&&
9} (endometrium)-& Z}F ) 744 A 3 (luminal ep-
ithelial cell), A}g 48733 A £ (glandular epithelial
cell) 22| 21 7] Z M 3E (stroma cell) 5 2| e o)
MEZ FAF S e B3 —7-10131 estrogen

T} progesterone®] F T2 EE AJF7] el &
A o A BElE R4 “X]-:"i £ (gonado-
trophins)ol] &J3] F7] o2 £31E o] Fn Fu

Ha gk

g A 2dzbol Z A proto-oncogene?! c-
fos7} ThFSt &S0 WEE3le] O Edo| f=H
The Apalo] uHel A 1 9t cfosi= ZHE A AQl
A}, ions, AH Zo|= T E2E Fo oM FF4l
R R & B R R R e e )
Mo AR N EZRFAE Foldts Aoz
221 %] immediate early gene (IEG)e|t} (Curran &
Morgans, 1987). =3} c-Fos (c-fos®] AHE)E c-jun
9] AFE- (c-Jun)3} heterodimerE o} Fo] DNAZ]
AP-1 siteo] AZFo2ZH T2 FHAe] 2HE
Z%#3l+ transcription factoro] ™ Z o= CREB
(cyclic AMP responsive element binding protein),
ATF (activation transcription factor) 5% c-Fos 3
2 c-Jun¥} dimerE o] F& Aoz G X1 Yo}
@ennypacker etal, 1995)

4 cfos_4 ey 2 -H—Eo}tq ———o] A A 9 ;\]_a. At
3 9] c-fost= promoterA] & of| estrogenol WH-g3}=
ERE (estrogen responsive element)Z 714 1L &
Aoz dejA 1 At (Hyder & Stancel, 1994). o]
23k Al e B Z7) o) Wk e QAo 27

of 2HRol= TEE o) MERI = A
ZRdol dEAoR dojuhs AFEHEA
] estrogeno] L =83 9} A3 3 c-fos] pro-

moterd] A0 ZH c-Fose] TS L3l
O A% AEZEGo} AxEste 22 Ay
o] of 2 7}A] W3l (late response effect)E
Lops Ao F2E 5 Utk 2o} ABET
ZA A AHRo|E T223 AHRE FE
29 484, 18] c-Fos, c-Jun, ATF, CREB &
S u 23 AZEYG P AXES #AAste A
o2 &v]2 transcription factors@te] AFE #A)
W A obA wnjgk Axolth 3 estrogen
o] Aol e AFZAo)AM o2 FF heat
shock protein (HSP)o] W& &1 o] protein®] 2&
U2 c-Foso] LG vg oz &
Z 01} estrogen©] £]3) o] 2] g+ HSPs o} x}-ZF3
9] ol BojolA AAHEA 18]3 cFosyt &
AE = AxetE od FAHAAFE 7iA=rte g
A= ol A geAA g3 duTh

mala B @A dAaE AR g BF o)A ster-
oid hormone®]] ¥+-3-3}o] gjollA] olF3t o 2] 7}#]
transcription factor$} HSP-702] %3-S western blot-
ting assay$} immunohistochemistry & ©| §-8ho] &
Been Azste pae BAR s
QW e vl vA FARAG.

ME WY

iU

7= olst) o T oA
&5 o7 2] Sprague-Dawley strain®]
2o et B F7 = A =
[e]

AgEE FaAAS Agel e
A= ‘&Lzﬂﬂ ¥ 259 23 F- estrogen (5 ug
estradiol in 10% ethanol/sallne + 5 g estadiol ben-
zoate (EB) in sesame oil) ¥ progesterone (1 mg in
sesame oil) & A& Tl upe}l FEFFsIH T A
o 2+ 1) OVX, 2) OVX + vehicle, 3) OVX +
E, 4) OVX + P, 5) OVX + E + P2 & 1}Fo] 2
7t ol 30kl 4 WS (o] F OVXE X
).

2. Western Blotting

2235t nu-
clear protein extraction& Hagenduchle 5 (1992)2]
2 S W3 glo] AFR-E9 Y = uterusE homo-
genization buffer (15 mM Tris pH 7.5, 60 mM KCI,

% #| & decapitationdt & uterusS
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15 mM NaCl, 0.15 mM spermine, 0.15 mM sper-
midine, 14 mM B-mercaptoethanol, 0.5% NP-40, 10
uM TPCK, 0.5 mM PMSF, 0.3 M sucrose)ol| ‘g o]
T2 335t 50~100 um mesh® filterationd: 3
0.9 M sucrose padol] ¥ o 3,500 rpm 2. & 4 ol A}
108-7F YA B2 8t nucleus pellet2 A th. Low
salt buffer (20 mM Tris pH 8.0, 25% glycerol, 1.5
mM MgCl, 0.2 mM EDTA, 0.5 mM DTT, 0.02 M
KCl, 0.2 mM PMSF) ¢ % o] stirring&% 4] high
salt buffer (low salt buffer®] 0.02 M KCI th4l 1.2
M KCl)% final conc.o] 0.3Mo] A Hrlsld
1A]ZF F9F stiring3F] o}, 17,000 rpm o2 4C o)
A 3087 AA Bt nuclear protein—o‘ A o]
Lowery methodol] 2]8) Tl 23 &S 21 & West-
ern blottinge] A} 23t th A7 %2 10% SDS-
PAGE= AlE)3lgi om A7) g Bo] B¢ & semi-
dry electrophoretic transfer methodol] o} &) whud =
2 gelZ2HE NC paperZ ol EA At} A 18 &
1:1000 0.2 &M ¢t & 24417k F<¢F vES-A] 7 o
biotinylated second antibody, avidin labelled alkaline
phosphatase = Z}z} 24|17t ot wh- 2 A) o} A
& chemiluninescent substrateQ! CSPD (Tropix)&
A}8-31H, Amersham hyperfilm © & 24]17F EQF 71
2225,

- EE R

FHE Astd A4S =247 9 AL S
Edlo A /3, 949 0.1M phosphate buffer
(pH 7.4)0l] =91 4% paraformaldehyde 1173 o -2 2
E’\]?\i‘i} 4 U}g 5dE 1 AgE A= o
& BUY 3Ho] 42 B £ E Sk
189 AL YEAAE A8 20% sucrose &
el o] 4T ovemight A ZTh Th3E W E
£ ¥ el OCT compound® Zwmjdl & =2
aol] TR gt Yo At YeAHy
(Reichert Jung cryostat)2 25 um FA 9] A& H

< ¥+ % 0.01 M phosphate buffered saline (pH 7.4)

o= 238 -T—Aﬂo}-—f WG L disha &

3
3 H E ethyl ether JunseD)Z &%) u}H 2171 &
*

free-floating method &-& gelatin-coated slidecl] %-
3ol MY 24 5eA 942 A stk B
A) peroxidaseZ €] A 517] Y5t 3% H0.2 108
7+ Aelsta PBSE 1084 33 A Aslg] o, T
gt v 5ol wb2-& A A7) $18) normal goat
serumS ZF-2of A 30 Ft WA Z T} of }-o

AL A AT A1 E 47T A overnightr] 7
oz gY-gA e FEat ek A13A
ZA 2] Ifrﬂ]-/\g 2 =3]7] 93} Trton X-100S
04%7} ©|=2 PBSe| A7lste] (o]} PBSTx=
e & -‘1 off 1:500% =& 3] A8k A}-g383d
o 12 A = ES-AL 7] 242 PBSTxE 3084
338 A& 3 F, A28 <9 biotinylated goat anti-
rabbit 1mmun0globu11n G (Vecton)E 1:1002.2 3]
sle] 142k Eet ¥ES-A)1Z o) PBSTxE ThA] 33]
M| # 8} 3L peroxidase-labelled avidin (Vector)& 1:
50002 sAMste] 1A1ZF Et vhgAT I 2
o Az F s de Yol 2ol A
£ F3tdeh ofw ArEgh 7| A YL 3.3-di-
aminobenzidine (Sigma) 20 mg-S 100 ml¢] PBSe]l
Az en FHAnkg A H HasgFiE
0.005%7}F ¥ =5 H7lste] 5% &<k Wh-SA AT
Wb 22 Eo)Ae Fualy] JaA 13384 o
41 PBSE tlAl ALE3l WHAFANE gl A
b0l YElUA 22 AE BESI e U%, 5«1}
Eo

oHol zkzbe] antigens& 10 pgH 71she] Al 144

WA Ao eH T B0 FEaT
z o
Estrogeng A2 & A7 2 &5 9] =3

S A zZ3lo] c-Fos®} HSP709] ¥H&-& Western
Blotting © 2 ¥+t A7} cFosw 14| 7te] 7 3gt
% drad 5] 7] Alzfete] 3~6A1 7o) H o2 EE
Hgow 12417k o) Foll e F438] AaEE
£ Ho$glomn (Fig. 1), CREB, ATF2] 7%
A vl gzgh irE okt 2 A 4 gl v
HSP70-& estrogenol] ]3] 141 2bof o] & = 7]
AlZFske] 3~6A13F AT AR EPEJY L
1 1247k o] Fol = o] = % {4 H AT (Fig. 2).
3 AP Rojrg =28 9% c-Fose] 9d
£ estrogen¥} progesteroneo] 2]8j 4 B F1E}
B okAbg Hol 9 9} estrogenol] &J3iA L 5
} EO] 2 7] on (¢F 181)), estrogeng:
Sk & 24A) 7k o] progesteroneS A Fof
Lol X = 982 estrogens Foddta 2447
saline g #o] g ool ¥ ) c-Fose] W o} 3H
et Aoz e (Fig. 3). CREBS] A £+

progesterone> 7 8] J8F-S FA| ¢gkom estro-

= =

ol ol

érﬂ_&:‘d

r P b %m
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Fig. 1. Temporal pattern of c-Fos induction by es-
trogen. After estrogen treatment rats were sacrificed
at the time interval indicated above and nuclear ex-
tract were analyzed for c-Fos imunoreactivity using
western blotting analysis. c-Fos levels are expressed
as ADUs over the control without estrogen treatment.
Estrogen (10 ug).
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Fig. 3. Levels of c-Fos in rat uterus induced by
various steroid hormonal mileu. Two weeks after ova-
riectomy, estrogen (10 pg) or progesterone (1 mg)
was subcutaneously introduced and sacrificed 3
hours later (X+E, X+P). 24 hours after estrogen ad-
ministration, progesterone was injected to X+E treat-
ed groups and sacrificed 3 hours later (X+E+P).
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Fig. 2. Time course of estrogen-induced HSP70
expression in rat uterus.
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Fig. 4. Effect of estrogen and/or progesterone on
CREB induction in rat uterus.

-308 -



Fig. 6. Effect of estrogen and/or progesterone on

HSP70 induction in rat uterus.

(nav)stens| 41V

Fig. 5. Effect of estrogen and/or progesterone on

ATF induction in rat uterus.

Fig. 7. Immunohistochemical localization of esrtogen-induced c-Fos, CREB, and ATF immunoreactivity in

rat uterus. CTL, control group. X 100.
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gend T @ 7 folle 2 8ol @A 3| Frtat
At} 221} estrogeng 3 2] 8t 2447k 0] £
progesterone-s F-A3 RS A F= hEF (X+E+
Violl wlsf ekt adte e Ho A
(Fig. 4). ATF= estrogen= X 3& w 1 T&o)
A3 F7HHR L progesteroned FF A4
h&T Boh ot S74 22 JEw). Es-
trogen} progesterone-& 7 A ] 3 A T A E
R} R ZHAaste Aoz ey A4 3
© 2 CREB9| 79 v]s=gt FAH& Bo] F0}
(Fig. 5). HSP702 estogen©] 1} progesterone X o]
o o THo) FrItHE FEE B FYa F
ZH RO EFTREZ Al FAT AT F
74 Ao W Aol gt (Fig. 6). x| T2
B AE2Ae o= F oA estogendl] ¥Hg-dho]
o]23t proteino] LA = 718 FHI}Y] ¢t
AAzAsGAE S AP er ol BEF
A}F4:uko] luminal epithelivmol A L HFE Ao
Z YEyttt (Fig. 7).

]

i

gREe X &7 Agxa L dAZ7) 9 o
AZINES FrlHoz FuUF 9 Hx @
£ gt} o] MEE G2 T 2R 2 estrogend} pro-
gesterone®] Z 319 = B9 21§ A (Yochim &
DeFeo, 1963; Cook & Hunter, 1978)0.2 ¢al2n
Ut 2B olE T ERC] ojBA AT 7%
& 2F8seA 1 e ol 843 29
AR FotA o1& Yslgle A7t YRR F
A= 1 9t} Nelson (1930)& estrogen©] follicular
phaseo A T} o 2 Bwsl 2 F A g B
718 o] AL progesterone B TF A #HEstim
851 31 Marcus 5 (1967)3 Finn 5 (1969)& o] es-
trogeno} A5 9 A2k 3+ Tl Luteal phaseo)]
T progesteronee] ApF O R sl g A4S 9%
THE I=F AFL F AL FAGER
ghel, T3k o] Al7lolE vlEFe 2 BulE & estro-
gen’s FHJE FE3e= EE 3hehe Ao gy
AT} (Smith & Biggers, 1968). ©]4}8] R 1 E 2 1
2ol B o) RF£AL follicular phased]] estrogen
o] #&-&o] X 92 I luteal phaseol] progesterone
3} estrogeno] 2] &t stromal cell®] AJA=} B g}
7t dojdtin AZHEY. 38R olgd e
o] F7]1& Bule} oL ¥ w4 BFF)

—

, gl PAle 24 slolgte F&5& 3
o}

8+ c-fost A AR} (growth factor)dl] ¥+g-35)
o A EEY 2 Go stageol] A S phase 2 2 8] &l=
g #dte FAAE e A A 2AHAU
o (Kelly et al, 1983; Greenberg & Ziff, 1984)
of ®AAE AAAA N & A= o] F FE ol
Woll e dtirl & £28HE 53] e A
o2 9Tt (Muller ef al., 1984). c-fos2d 9]
ol £ ¥ AFe A veEhtE
Mxo dheg 23l L G Aoz &
HAth 2% c-Fose E 02 EGY cjund A&
3} 722 3F3led heterodimeric transcription factor com-
plexE o] & % (Halazonetis er al., 1988; Kouzarides
& 7Ziff, 1988; Rauscher et al., 1988) DNA®] pro-
moterA] Dol = AP-1sited]] Ao 28 A
Z} (probably late response gene)o] &g A et
Aoz WA (Kouzarides & Ziff, 1988; Gentz
et al, 1989). 1 o] & c-Fos¢t FALSE x4 75
& 7FX)+= FRAs (Fos Related Antigens) Z18] 31
c-Jun@ §AIAAE 7AAE Jun-B, Jun-D 5% £4
H e (Cohen & Cumran, 1988; Ryder et al,
1988), o] E& BT thyg 29| dimerE o] &
2 .TGACTCA-2] DNA sequence® ©] 2 AP-1
sitecl] A g8lc}. promotere] AP-1 siteol] A Eslo
AP-1 DNA binding compolex® /] 3} & transcription
factor?} ¢-Fos &2 c-JunA| g o 8 A dimerE o] &
U FHI o2 olE9d X cyclic AMP
responsive element binding protein (CREB), activa-
tor transcription factor (ATF) 5= c-Fos &2 c-Jun
3} heterodimer& ©] 5] AP-1 site -2 CREe] Z
Fale Ao ® BasEn vk (Hai & Curran, 1991;
Pennypacker et al., 1995).

YA AFE nhe} Ze] A AMeA FH| =
estrogen™ progesteroneS Trd A $HA o1} A E A
FE 23t AR 2EE 2 se 840
v (OMalley et al., 1983), 3] estrogend A}F%
whe) spo A Eo) st AZRAL FQ BTt
(Quarmby & Korach, 1984). o] 2] &t estrogen®] 2§
o] oWl 71&Z F3ld doju=rto] e A
= Ad el uirt fdev A FdEet A
TP I3 AH" 4 A9 protooncogeneo] LA E
ozM ovte] A9 vl g A FEA =HAU
th. & cfos?] promoterk] 9ol estrogen-estrogen
receptor complex®} Z §}8}+= ERE (estrogen respon-

e o
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sive element)7} 2|5} (Hyder & Stancel, 1994),
northern assayol] 2184 2 A 2 estogeno] 2] &} A
A3 Ho) A4sh3e AN cFos 2 cJuno]
HHEHE Aoz Bt (Insel, 1990; We-
isz et al., 1990; Zheng et al., 1996). +H estrogen
o] Aol o&] AF 4| EolA heat shock
protein (HSP) mRNAV} -F- 25 & Ao 2 4e2|x
2t} (Mobbs et al., 1990). o}2] 8t A& estrogen
o] ¢]3+ HSP-70¢] @& okAlo] c-Fose] W okAt
3} H] £33 heat shockol] 2]8) A c-Fosr}t ¥
e Aezr A 9l oy (Dragnow et al.,
1989) A}FZ 2 ol A estrogen¥} HSP & c-Fos$} 2]
AR daiA= Lzl vk gl

B Ao A estrogen®] Ao oJa) BHH =
c-Fose] W&k 1~3A17F dld] 2n=z 2d
HY I o]FEE oA E HAHE 2AeE Y
Bttt o] 2] gk -2 CREBY ATF2] 73 -9-of 4]
X ¥ &8 B5-8 HoFEa 9lo] c-Fos7t CREB
1} ATF¢} heterodimer—% o] 2oy AFLute] =24
I BIE ST SH AL 2 late response gene
2] promoter©]| @%@'EEW 755 € Aol
=AM & ATt AL Yok S o] g AT A
= A7 & 4Hzl vket Zo] AT ALAA
of 2le]A] protein kinase A$} protein kinase C& &
g AR Aol AEAEA (coss tak)T = Fg
He A9 & 4 ik sy g AF 3 vt
9} 2ol cfose] 7 -$-oll &= promotero] ERE7} &)
3= Ro g ‘”d/}ﬁi © 1} (Hyder & Stancel, 1994)
CREB¢®} ATF2] promoter A] & o] ] EREZ} &) 8}
A da A= ol uralzl vyt glo] B
e - el AF7F 9 @ E oo &
2o g ALEHET}. estrogen 2] 2] 3 2441 7F off o)l A
% c-Fos7} 433 S71d AR FAH YA
g o] & cFosdl7] Hth= Fosrelated antigen
(FRA)Q! Aoz HQIt} (Cohen & Curran, 1988;
Ryder er al., 1988). HSP702] A% T} & A3 z5
o 9&] H1% HSPYOI = 2a) 3~6A 7ol &
=2 2dHRG. 2 Aol A = nuclear proteint
& zxUew as] WEel ¥ whuldo] A
AR AFH o7 G2 Ffo=m FdEeAE 3
stol 2

Progesteronec]] 2|8 A c-Fose] W&o] k7t &
7Fete R o2 Vel = ©] 32 progesterone©]
esterogeny} B &0l A5 &3] Z24 3 F-glof #
Aehi B EBolekiz AT $gEE Askolv

gl 3z o] A|ASIE A estrogen®} progeste-
ronedl] ©]&) GnRH 4173 M| oA c-Fos7} & &
th= X1 (Hoffman ef al., 1990; Lee et al., 1992)
9w dx e Ayt & 4 3ok X+E+P 79
Ao 270l X+E+V 20| 1] &) c-Fose] Lo
Zadte A2 Yl T 28 o3 £t
&7} (additive effect)?} B2 A Lgked oA
2 progesterone & 8] 2441 7F A ol estrogen] #| 2
o o TAE c-Fos7t A3 &0 F43 £3}
£ oln fEgozH et ZIE Hojm o]
25k F/4& CREBY ATFS] 7 -9 = FU3tA
[SasR e=1

2 B

B dte AgETe) A2 E3keh &
sto] AH|ZoledERo] o] 7}A] transcription
factor?} HSP702] 28 o] n|X& 8-S 2Askd
g2 2 2ES dUnh

1) estrogene] # 2]= c-Fos, CREB, ATF, HSP70
of A& FA 8 FUMAFH LA, ol5 HAUF
AR el 28 E 7| AlZbeke] 3~64120T ol FH
=2 ddEelo.

2) Progesterone®] # 2]+ c-Fose} HSP70S} 73 §-
£ 1 3de 27AR2, CREBY ATFY 7
S 9L A ek

3) Progesterone- estrogencl] ]3| @& o] F7td
c-Fos, CREB, ATFE A4 8l= A o2 eyt

4) Wl z2 3}ehe Gaye] A c-Fos, CREB,
ATFE 29| luminal epitheliume]] &7} 3k A £
ol A estrogenel] o] 8] L@ = A2 ey
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