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Abstracts : The sex steroid hormone progesterone is essential for normal development and maturation of
the endometrium in preparation for the embryo implantation and the maintenance of pregnancy. Insulin-like
growth factor (IGF) system that is composed of IGF-I, IGF-II, IGF binding proteins (IGFBPs) is also
involved in the maintenance of pregnancy. In addition, liver, kidney, and uterus is a target tissue for IGF
system. However, the effect of exogenous progesterone on IGF system was not elucidated in female rats.
Therefore, we investigated the effect of progesterone on insulin-like growth factors (IGFs) and IGF-binding
proteins in serum, liver, kidney, and uterus in female ovariectomized rats. IGFs concentration was measured
by radicimmuoassay (RIA) and IGFBPs levels by western ligand blotting(WLB). IGF-I concentration was
increased in serum, liver, and uterus, but not in kidney of progesterone-treated ovariectomized rats, compared
to control (P<0.05). IGF-II concentration was decreased in liver, but not in serum, kidney, and uterus of
progesterone-treated rats, compared to control (P<0.05). IGFBP-3 was increased in serum, but not in liver of
progesterone-treated rats, compared to control. IGFBP-2 was decreased in kidney, but not in others tissues
of progesterone-treated rats, compared to control, These results suggest that progesterone may exert diverse
physiological functions via the tissue-specific regulation of IGFs/IGFBPs system in female rats.
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& AAAAE R AA7FY BHel 2% 98
St glgo]l WEAT A s AR AREE,
insulin-like growth factors (IGFs)+= 2}3- 2 Wt 5 A2
Z1AAA FAF dEE st WEAY AAAAE U
#HA 9k

IGFs (IGF-1 ¥ IGF-I):= M EAR 9 Bl Z0 3
ZERIAE & €84 3o, 5 IGRIL e 3
3o ¥ insulinlike growth factor binding proteins
(IGFBP1~6)3} ZA33t Aelz &x8t, 1 wsle] ¢
8ty IGF-19] bicavailability & = dvh IGRE H3o|
A F8 AT d¥=E IGFBP-39) 85 kDa acid-labile
subunit (ALS)$} H33led 150 kDa B ¥ejs &)
&, IGFs2] dX+= ¥-=}gFo| 2k IGFBP-1, -2 ¥ 49}
AYF 50 kDa E@A He2 EAFCY. 88
ZA)ste ol IGFIe 703 234 FAgry. A
2 97 IGRIS] §4del F2.8 A712A autocrine, paracrie
H endocrine 2H& S A9 A g Hod
= Aoz BT Uk, IGFBPE rat AA|ule] 2
ARE o 2Hgs Aol fXgthE B2 94 IGF9)
gl Qo] 7Hgs Al 28 AAE ARET 9
U= ZAE HodF g qloh

IGFI #¥l2de s 44524 9ste =4
=)o, 3 steriodal hormoneoll oM T ¥E IGRI %
Zol QL = Ao B7ET Y. Sex steroid
hommone @] 8149) estrogene A2 AlE-2] IGRI % IGFBPs
g 2881 QA 75 BosiE lor g dp
Aol s BT sl Aaoltt™!. §8, progesterone
3} IGFs<}te] @A s A3 EH progesterone o
Al farete) iAol @ Z IGFI9) Wshy? el A
IGFI ¥3} 2hgo et B1 gho] o]folxz Ur}”,
webs AR oNA  progesteroneo] IGFI, IGFII #
IGFBP¢] 2428 42 A7) Wgztgo] oz A}

23 A ol2Fth B AdFAES U7l REA
sex steroid hormone 9] Sluleln] Al7] = A4 7]
%83} hormone?] progesteroneS 28 FALS] A 7]
¢ U2 ¥ F 77, A% 2 AFo)A IGE ®
IGFBPsol| WX = 3-8 #aksl7) flgld 2 d7g o
A&k ek

<

Mz 3 Yy

1. MdEEE
Y E (Sprague-Dawley, A% 200 - 220g) YAES &
23EEE AT 3423 EES Ketamine/Xylazine

"1 (8010 mgkg EWFAD & F wjERE P}
o dag 2E3A F URE AF F UAE B
Atk $¢ F 1579 F3E, Cardona- Gomez 59| 2
3 Byl 712 & 3} progesterone$ 3ol 13] 4 25
r & FA} (vehicle, 4mg/kg, 12mg/kg, 24mg/kg; tZ
= B ARE LI, st B, A, 744 B Age
st AlgE 0T E#s ¥ IGK%E %
IGFBPs £4& #43ct

2. AMlRe H X2

Alge] EAEs EE IGKhE IGFBRse A%s 8
B2 &5 g o|F IGFBRERE IGKRE 2a)dr)
3] Sep-Pak Cis cartridge (Millipore Corp., Milford,
MA) & H5g o)&algch o8 okaiw, Rl
HA 02 mloll 1% trifluorcacetic acid (TFA) 1.3 ml A7}
3 EFT U ALolM 1087 WS F Cy
cartridge & 22} 3 ml acetonitrile, 3 ml 3%} 2F4, 3 ml
0.1% TFAE 84 8}8+ & Sep-Pak Cis cartridgeo] ¥H-&
loading3t® IGFBPs:  camridgeE E%3l7 IGE:
cartridgeell Z§EHA vk 1 ¥ 3ml 0.1% TFAR Cgs
cartridge & M 2§ & Cig cartridges} 3 ml 0.1% TFA7}
HRE acetonitrile £ elutionA| A F21¥ AFHL B
gate] B AMEEHTh 7R N4 288 7z
025g& 1% trifluorcacetic acid (TFA) 2 mlo] o)
homogenizer 2. vl &ty U4 Rlsted AL e
THs Sep-Pak Cig cartridge 5% “WHS 2 IGF binding
proteins © £ R B IGFsE- ¥-2]5te] wWhAlA] W) =3
o7 IGKs2 ¥EE &A1yt

3. IGFs(IGF-13 1) £5 X} &=

Chloramin-T WHd'°& o}7+ W&AZ) RO BA o8
o519, 0.2M sodium phosphate buffer (pH 7.4) 10 40
of thiGFs 1 ug& #7138 & ] (Amemsham Life
Science, ILL, USA) 1 mCGiE H7lslZ 0.04 mg/mi2)
chloramin-TE €olA 243 w¥tdt £ cellulose CFH
column (Bio-Rad, CA, USA)Y| EFEL 713t &
barbital buffer2 columng A& &R} 1 F 12% bovine
serum albumin (BSA)E 8% A)7|7, IGF-II+ sephadex
G-25 (Pharmacia 1KB., Biotechnology AB, Sweden)
columng %3l 02M sodium phosphate buffer(0.2%
BSA E®hel &&AAH ¥ 53720 drops) HolA]
gamma counter (Packard, ILL, USA)E cpm& A&7
HARso] 3% 10° cpme] HEE 7zt BFEsle] 70T o
WERH st
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4. IGFs ShAlBe ZXH

gy e) IGEs s+ [PIHGFso] polyclonal anti-
IGFs& AME-3H WAPAY 239 (radioimmunoassay, RIA)
& o)&3yr} o}2 Qoksw, IGFs RIA $Eojog
05% BSA, 0.12 M NaCl, 0.1% sodium azide® 383
004 M A g3 (pH 7.4 AL25kYc). IGFs E3
B3}t Algol 10008] 3]AA)Z] polyclonal anti-IGFs 50 40
& HArkste] Aol 1A7F WA & Zbzbe] A
ol [I-IGFs (20000 cpm/100 uf) & H7}ske] 4 Col
A 18417k vk A ZH Tk 11 F horse serum 50 uf 9} 12%
polyethylene glycol #8000 (PEG) 1 m¢& #7}3le] 3,000
pmell A 307 A4 EEA|A A v ERES B
YAMAT 2¥3Ye) WAFEE gamma counter (Packard,
ILL, USA) 2 &Ast4h

5. Westemn Ligand Biot (WLB)

IGFBPs 1412 Hossenlopp 5'79] ol Zajo] A&
g5k ©]8 K95, 848 sample buffer2 30u) 3|
Mg E 10 W& 12% SDS-PAGEZ AHE-8le] non-reducing
ZAdNM HrG5S AAEET Ar|gELe R By
H a2 semi-dry electrophoretic transfer unitE o] &
8l nitrocellulose membrane (0.45 ym pore size) o] ©] &
A7l # 3% NP 408 T3} uis buffer saline (TBS)E 30
B MR8yt 1% BSAE 3H5-3F TBSE AL04] 24]
7h 2ok Hk2 A7) oS- 0.1% tween 208 §H3-3F TBSZ
10587+ A A3}, 0|2 1% BSAS 0.1% tween 202
348t TBS&-lo) IGFI3} N7t £89 [PI-IGEs 2%
10° cpm)S A7kated 4ToNA 18A17F vjFal L) 1 The:
0.1% tween 202 ¥-73 TBSE 33 &% % TBSZ 3
3] A3l A2 AZA AT AZA17) nitrocellulose
membrane-§ 4ol A X-Ray film#} 37 cassetteo] 2
70T oM 747 w8

7. 8AHX =2

 A¥AM 549 A9 mean = SDE el
I groupZte] zjol: Student’s rtestE o]L3lgon,
(<005 ) A& F2% Aol2 AA sk

4 3

1. Progesterone £0{A| 8% IGFs =5 Hsl
Oz AE YF rotal IGFI TEE 6516 + 384
ng/ml © 2 e B progesterone (5 mglkg, 15 mg/kg,
FE 25 mglkg)S T Ao 7}b7} 75.18 + 11.41, 94.56
+ 1532, 2 100.89 £ 11.54 ng/ml 2.8 jepydct 83

IGRII 3% 94 27, dE7E8 7hz 3864 +
11.28,47.32 £ 5.12,4633 *+ 5.12, @ 44.39 + 477 ng/ml
oi2irt wehA IGF] Fi= th7ol Hsled progesterone
FAA FEAEAHCE F71EAHp<005). 1 ¥
F IGFN 5t a3 4¥87#e 2polg %
5 §lAtHFig. 1).

2. Progesterone F0{A| Z1&, ME U X129

IGFs 55 ¥s}

gz PENM2 73 IGF] 5= 3636 + 431
ng/g ©]%1 21, progesterone-g FojA] ABFE HE 7h3e)
IGF] %% 7}7} 3696 + 3.54, 54.57 + 552, 2 67.20
T 16,16 ng/gC 2 el g 2 % progesterone
A e 7+ IGR S5 717} 2049 + 1.74,
16.88 = 1.09, 15.10 & 143, 2 1507 £ 1.69 ng/gS 2
viebst) ol2ist Aus 7H) IGRI9) % %4 progesterone
FAA FE oEHNOZ ZMItkE RS UehiZ ¢l
T} (p < 005). ol whsle] 718 IGRI X+ thEol vl
o Fog UE AAE el T 4= 20T (p<0.05)(Fig. 2).

A8 IGFTEEE R+ progesterone 5o 70)| A
z}zt 779 £ 1890, 70.67 = 17.94, 63.14 = 2026, %
6656 = 21.09 ng/gollom, IGEN ST & 74z} 14.37
+ 064, 1277 = 059, 1293 + 049, 2 1402 * 097
ng/g 22 VERsTE welA] o] A3 progesterone o
Al RE Ao IGF 2 IGEI ¥EE §9]8 zjo)r}
ke AE Yep S v} Fig. 3).

g8l IGF1 FE+v 233 progesterone Fof 7Lo]|
Al z}z} 103.6 = 6.84, 105.80 £ 1291, 146.00 = 18.25,
4 169.80 = 9.81 ng/g o]lom, AZ9) IGRN Lri=
z}zt 1735 £ 158, 1657 + 203, 1417 = 214, @
1219 £ 1.36 ngfg ©IAt} ©] Ast= HE 239 IGFI
¢} FE+ progesterone £l Al thRFo) H3le e
F3o 8 Frite A& Uepl 3 2t} (p<0.05). ]9
vl WE 2] IGRN FEE R Hste
AEwoA /94 slE WiE 82 8 £ gt
(p<0.05) (Fig. 4).

3. Progesterone F0{A| & IGFBPse| ¥ 3}
Western liganding blottingS ©]-23}4] progesterone&
Foid HEe] ¥F IGFBPsE PM3 dAx g%
IGFBPst= 42 kDa IGFBP-3, 34 kDa IGFBP-2 4 24 kDa
IGFBP-4& #Z% & AUt Progesterone Fojr] E5
IGFBP-3:= ti ol Hlste] F& 9&Ho T Zrl3ley
t}. ololl waled IGFBP-2¢} IGFBP-4: w223} A
oA e] zpolg AAY 4 AT} (Fig. 5 A).
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Fig. 1. Effects of progesterone on IGF-I(A) and IGF-I(B) concentration in ovariectomized rat serum. Statistical
comparisons were done by student’s t-fest. Values are meant 8.D. (n=5), *p<0.05 vs. control.

120 A

§
-]
ga 80 F
ED
D~
ot 40
3
) l .

0

Control

Progesterone (mg/kg)

0 r B
B
g 30 F
gh
8?2"
=
Lgh 10
0

Control

Progesterone (mg/kg)

Fig. 2. Effects of progesterone on total IGF-I(A) and IGF-I(B) concentration in ovariectomized rat liver. Statistical
comparisons were done by student’s r-test. Values are mean=t S.D. (n=5), *p<0.05 vs. control.
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Fig. 3. Effects of progesterone on total IGF-I(A) and IGF-II(B) concentration in ovariectomized rat kidney. Statistical
comparisons were done by student’s r-test. Values are mean+ S.D. (n=5), *p<0.05 vs. control.
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Fig. 4. Effects of progesterone on total IGF-I (A) and IGF-II (B) concentration in ovariectomized tat uterus. Statistical
comparisons were done by student’s t-fest. Values are meantS.D. (n=5), *p<0.05 vs. control.

Fig. 5. IGFBPs pattern of rat serum (A), liver (B), kidney (C), uterus (D) with control (1) and progesterone treated
group(2, 3, 4) by western ligand blotting. The pooled sample 10 ;¢ was electrophoresed on 12% SDS/PAGE gel. The
proteins were transferred onto nitrocellulose membrane, incubated with ['*I-IGF-I, and exposured to X-ray film. IGFBP-3,

42 kDa; IGFBP-2, 34 kDa; IGFBP-4, 24 kDa.

4. Progesterone FO0{A| ZHEH AlE 4 X229
IGFBPs 3}

& 3 progeseterone A 270l HE 744 IGFBPs
o] ZAE& Yol A UEF ¥ AYE HFA
IGFBP-3, IGFBP-2 ¥ IGFBP-4& #2 &+ ok 1
Ay Z2ta A8l IGFBP-3, IGFBP-2 2 IGFBP-4
€ 2elE A + AT Fig. 5B). AE 249
IGFBPs 43-& progesterone FoJA] ujZol W&k
progesterone 5L o]E=2 0 2 IGFBP-29] # A3 7AE
#& & & AU} Fg 50). =3 YE AFolr2) IGFBPs
v IGFBP2E #38 & A2 R 28 TolA 9
o4 sle dsle #ad 4 QU (Fig 5D).

I #

Progesterone> FE AU dal7] ol ArE
o AW QHES FIAA RS A EF-UMM
2} AARNAEN AEELES gt AW 715 §4
s A0R AAA AP, K§ IGhE QA A
Akl #dahy §3] 7hgol M §FAde] FE o]Folr)
W ML) F2, Sl A, thalaeS sl Ao
deix don’, A= Ards o) e
Nl g vA T Aok’ wed B A ga
225 4AT YE progesteroneS ZHY BE FA}
&te], olu] EZ, 7hg, A4 W 3o A IGFs 9} IGFBPs
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£ 7oA progesterone X E)A] ¥ IGFI9 Z7}
AE&E A T 5 AUTE FEge] dE A
progesterone A 231S W E B A¥x) 72 A8 2
£o] AFHYTH ol2lg ¥ IGRI] Wslo)] e
AL 97 g 4 IGEs 849 7+ 2 23
oA} progesterone Fdol] &% IGFs £ 5 & 2438 A7
7H4 IGF 3X+ AI0Z 3 43MFol 22 M)
3o SRS AlME Afolrt glE Zes uE
St} o2 g 7hRe A ¢ IGFI9) 271 8 & IGRI
o tiRE2 7l A 4 2 RHlEte A Y
§ A2 BAT, Al A IGEIS) W3}rt Holx] g
£ Z& progesteronec] 2|3} IGF-19] &40 A HE
A7)l opd Aoz AlgErh FZ A7 9w
A PE2ENAM IGE] mRNA 28 sex steroid 3.2
Foll ojE&Ho|gty sl RpFoA HEEE] o3 &
£ 7P AARIET Qo B Q764 progesterone
FoJAl A IGFI =X+ progesterone % 2|&EAH o7
F7HE AT G228 AAT vl29 AN HEGA
progesterone 50 A] estrogen3} H]e]E& o 2 22 IGFI
mRNA7} Z748ite Aol dRsigdd”. 2y
stromal M ¥E o] 838 oAM= progesteroned A ]
& & 5-109) A IGFI mRNA uH3lo] Z71a}7 15209
Foll= IGF-1 mRNA #&e] 90%7F JAERTY B
HA o] Bt B AYPolM progesterone®) 257}
Al IGF12] Z7HE Jeld & sithe 28 952
Ao} o] o)itel A77ke) Hely AAT £ £ Ut
v AL AABIEI gtk ol# g XA ol9ols,
AE R Z7 Bold Y HF ZA (in vivo T in vitro)
3 #EE ] ol2gt ARES Ao|Ho| el Ao
2 Asdch wds gaiele 7k 9 g3 IGR19)
UM & B3t A9 IGRIE 71 AA g41e-4]
o #3oiE RAE AAEIFET:

S IGFs9] & &hule] 29l IGFIE "ol 743 2
& 5olM B2 FF0) FHHAY AFoE TE FH0
A W o] FHIA EolRol wet HlEe] Bl
#Aqaty oy BuE T Y QE golr)d) g
IGF-I F=7F 31 A% F&a #as v, A7z
WEEAHE AFE 753 IGRI7 Z71EE B
A, ol2lgt WE IGRIANME FAR47} o7
A ¥ AHoA IGFRsE $3718 £8ld M9
A= He) APsiE AR Ee] Jeg w4
A Z4 9 giate)] Bojsh= Aog oln] gwiA Utk
7P Progesterones} IGF-II#}+e] #AE AEw ¥Z
IGF-T1¢] =5+ progesteroned] oJaA] W3lA] k= A

o2 FFHUT. 59 IGRN ¥ WsH= progesterone
I Rt 51 B AgAsE B o oy &
A= progesteroneS IGF-I¢] v|&l IGRIIY] &&= A
Ao g ealx) 4T FaHoE 48 5 Qi
RAE AAEFI QU EFrj2sE A F e 23
& ZAE " progesterone 28] Al ¥Zol= Wbt 8l
Kot 7Hge) IGF-I #H)7F A=A Aotk A
F744) progesterones] th ¥k 7Ha IGE-I & 3}ol] that &
IE e defo] A%t steroid hormone A& A] Bio} 70%
2] IGF-Il mRNA 280 ZAsidohis B =4 7
Z38te] 7149 steroid hormoneo] IGF-IIS] 7Z-$- A A
o2 283A) @87t AR 023 714¢] progesterone
of 9% IGR-I A28 Hxe) BTN 9oig 2
& F U AR Brh o]E0] oud /%L =R
o thaiME 23 Aol PesiEe AR A2
e AA7A 239 7% progesterone ) estrogen §
Al FojA] IGF-II mRNA @3] Z71EE 2o Ho}
progesterone©] IGF-IY = BRHEHE Ao g F&o] HY
o atAR), B Aol ME progesteroned FH A4l
NzZH F94UE IGRT Wil AR H=A] gtk
Progesterone 3} IGFBP9}2] #AE AuiEW, AU
IGFs ¥4 23, 845 9 $9 Fo] #osl= IGFBPs
EAg B3 A3}, progesterone £ojA] 2 IGFBP-3
FEE dEeed vEe Frtegnh B AdA
progesterone A ] zoll A 83 IGFBP-39] % Zvle=
8% IGFBP-3:= &M 2 IGRIs F2 A3
28-S YehdohE B8 n)fo] Hel IGRI9] Z7}s}
dedgshE A 2P gale] 2Rk 670 IGFBPs
F WEE-E IGFBP-30]%, o}& thiio] 1Mada F
4Em™ 53] 7HgelAM IGFBP3 §4 Fobt 8%
IGFBP-3 55 & Z7A%Itt €84 lob. 239y 2
APANME 23 vTZs B o) progesteronex] 2]
oA 7Hg IGFBP-39] W& wsl:= <l == ¢gir).
Arny ¥ ¥ IGFBP-39) ¢ 0%AEE 9473
Fd] ZgATkT ek Lemmey 5° A ¥
IGFBP-3%= 7o) IGFBP-39] Z718 E3lx| g3 27}
g Aty sk ol#d RIEN B A¥ANE
228 & o ol ¥A 59| IGFBP-39) 7= 7+
obd ohE Aol 719l & & UtkE RS AAsiE
g, progesterone A 2] A] Al Aol A& IGFBP-27} 723}
Atk IGFBP-2+ A1 AEAl 2 AgdSdA] 2
ol YehbE Zle 48R o o)Ed gl 7y
2 oA 7A] 7 dEA AR 23 Uy, o|2)8 IGFBP-2
T ARAM Foly AikaZE e o ZiHE
Aes A AP, Tehuk, Ao A9 progesterane
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off th3k IGFBP-2 7+4©] A2)8hd 2me & = ok
°l"4fﬂ A AA7t FF A7) F28 YAHAE] 2

REZ ALEECh A7 A0 dolME= B By} o
FolA)3 Qe A#eltt. HAZAES progesterone S
28k stromal A E) A IGFRP-3, IGFBP-2 2 IGFBP-6
& B4a9len, 1 A3} IGFBP-29} IGFBP-37} Z7}3)
Atk RSty =a HEe) zhguieiel A IGFBP-3
¢} IGFBP-2 5t 97579 ostel WstES w3}
ATk B A#olM Ao A IGFBP-2¢] WE4ZL )}
Etstrh ol IGFBP-2+& Al 4] 710l A w3 5= -r&asl
IGFBPZ 0§ IGF-19) 23 &els B9 dA)s)
Aok 22 B A¥o)A progesterone X 2] A] IGFBPs
o] MalrEe AR EHA gtk olE AYHO R 27
oA} progesterone-2 IGFBP2] 318 AHX A Y7 AH
IGF-12] F7H8 f=diths Ae 2afn Yok o2
BIEAM By IGFBPS] W3}7} Holx| gk o)
A2 F A A FE) 28 (intact 9 G2 E4)F
ol Aol o Aoy Alrg

w2 i HEEE 9 BB progesterone T o
Al AW IGFS/IGFBPsAl = 83, 7+, Al 2 a2l
Ztzh BolH o8 Afsle o FEEHeH, o ¥
T MES 48 AL Bol GEE mAE o
Atg )

d 8

B A7 Y HEET 4R PWE] sex steroid
hommev«l shtol gJaly] 9 AN A FQ8 o
&& 3H= progesteroned 28 FAMsto] IGFse| FR38t
BE A7 o, 2 @ VA AN A E hEEe
Az A IGFs %, IGFBPsEA = IGF/IGFBPS system
o MAlE &3E BFse o 22 482 Atk
PEO| progesteroned FoiA] Hef, 703 9 2F9
IGF] FLEs g ulghe Z7189 1, AAgoA
IGRT FX& Zol7l fIdth ¥, A% 2 =79
IGE s T tl2Fo) vdta] ato)r) giglom, 7H4
A IGE I sEs thEgel Hsle A=t PE
progesterone& FojA] &% IGFBP-3& )27 vla}o]
Z7 kA g, b3l A IGFBP-3& ztolrh g1tk Al
#roll 4| IGFBP-2%= progesterone & &]2o] 22 ul&}
o Zhastgen, g9, 7k 9@ 2AFoE zolrt ¢l
At IGFBP-4= ell, 7+, A4 9 2pgollA x}o]7}
Ak
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12.
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