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Effects of Insulin-like Growth Factor in Peritoneal Fluid of Patients with
‘ Endometriosis on the Proliferation of Endometrial Stromal Cells

Jung Gu Kim, Chang Seok Suh, Seok Hyun Kim, Young Min Choj,
Shin Yong Moon and Jin Yong Lee

Department of Obstetrics & Gynecology, College of Medicine,
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The purposes of this study were to evaluate the effects of insulin-like growth factor (IGF)s in
peritoneal fluid (PF) from patients with and without endometriosis on the proliferation of
endometrial stromal cells and to investigate the effects of type I IGF receptor antibody on the
response of endometrial stromal cells to PF from patients with endometriosis. IGFs in PF from
patients with endometriosis (n=14) and without endometriosis (n=10) were measured by
immunoradiometric assay and PF samples were divided into low IGF-1 PF group (less than 85
ng/ml) and high IGF-1 PF group (more than 85 ng/ml). Endometrial stromal cells from patients
without endometriosis were cultured in serum free media in the presence or absence of 1% PF
and thymidine incorporation test were used to evaluate the proliferation of endometrial stromal
cells. Also cultures were incubated with type 1 IGF receptor menoclonal antibody (aRs) before
adding PF. PF from patients with endometriosis and without endometriosis increased thymidine
incorporation in endometrial stromal cells. In patients with endometriosis, high IGF-1 PF group
had high IGF-1I levels and resulted in higher thymidine incorporation than low IGF-1 PF group
but no significant difference in increase in thymidine incorporation between high IGF-1 and low
IGF-1 PF group was noted in patients without endometriosis. There was not a significant correlation
between increase in thymidine incorporation and IGF-1 levels in PF from patients without
endometriosis but in PF from patients with endometriosis. Preincubation with alR; significantly
inhibited the mitogenic response of endometrial stromal cells to PF. Our data indicate that IGF-1
in PF may be involved in the growth of ectopic endometrium in patients with endometriosis.
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Ae 434A 4248 de] A7 e F¢E F
(Ramey & Archer, 1993)¢}} oj 8l HE 4 &
ARE 3 7% BAstE WA FA3A &
o vy te J1#AE AUy A4 EL &
B B FEe] ALSH R FEFshed A
TS Bape) EFYe] A3 UgFo) gle 8
7ol AR Ak B AF WY 1A AL
€ o Bol] 2 ¥vtn Banx o] (Surrey &
Haime, 1990) 57} @ A Fo] Ague3

Ao 4 R #AC F2E L E Mol

AlAbsl s ok e AEE AU Z4E
T AAIAR FA U8 Fa" o=
Z2E9 Fx Aolst Aguints #49 gz
2o} Breoll A #EE A et} (Deleon et al,
1986; Ylikorkala et al., 1986; Mahmood & Templeton,
1991). A& H2H B0l T 2R Q&AL =
4g £FP Be 240N F27 4R E
AEe] 24 9 Eato] Bejsh Aol WAL
9121} epidermal growth factor (EGF), fibroblastic
growih factor (FGF)2] 7% gl 22 kst 2t
FRHEol gl B4 BRaAdN 159 ¥
&8t Apolrt PATER B XAt (Huang et al,
1996).

SH A& -FAF 44U A (insulin-like growth
factor; o]} IGF& °F8h3= IGF-13} IGE-II9] 2%
F7t slen, ol 52 MESFEAE 39 A 8T
t} (Jones & Clemmons, 1995). IGFx %2 o] u}
2 J2EZ AT transforming growth factor (TGF),
EGF, FGF & o2 44AAEY $/A4 G &)
B8 A2 Ut (B 5, 1996). E=g IGF= H| <] o
A AU 712 RS £33 2 S B3]
™ (Halme & Hammond, 1995) ¢13te] ApZujulbz
2] (Giudice et al, 1993; Zhou et al, 1994), ¥ X
(alveolar) A& 4] £ (Rom et al., 1988), A& 9] &
70 A" A E (Arkins et al., 1993)o)) A} IGF7} A}
48 T dda ged AN G o
213 AgA Ee] g4o] Bausm 3t ¢ 7
#H T Giudice 5 (1994)& 73 9] ElojAe] B}
Huf ol A IGF7} EA TS AAFet el 2 &
HTA T (19992 AT FAte] B3y
IGF-I 357 E8A R} 52 A& B33 9t
A} e ol A 7EA] B A IGFE FX9
g 78 FAeA FE AU 1A
o] FolA FH o g A 4E BAHY Rue

A

et 2 A7 2 AZUHRS B &
THESo] A B B IGFY B
e}t ZAZuE ZZAE FY6 A 9%E
ulw BA I AguetE &xtel R dE
o= Frtd MFYs} 1% IGF +&A ] g &
4 EEEA alRsS L &30 2 Jot
g ool e A3l 71 ZAE S &
@ ENFeaN B IGF7t Agl T
Bl o2 AgNHEA 9 e ds
€7H8 gotEanA sl

e = g
@ OB“ -Lj
fu
0z

lo

2 A Aders #1493 A

ol gl UlxgA 109 027 AfHH 244
dAS ez gt ol#E #AES

TFEAY ATV E 7P oW Holx 3
AL B3 Alg Ao old dAT AR A
o} I3 Ag et gate] A w589 g3
EF2 B o Al 1~2 44 #H7l duo =g
AZUE Z1AAE AHE Ast Ao 42
B (U o] gl e Ao w 97
F7) F ZNFH7 AZAEEL TE 354
o] A @} 0o} XFHUCt 4AFI = HE
Y738 wat FAsiH}. o|d dAAEA ol
AT E WY 4 ETE FEAUBd 98
o 9= AT

2. 52 x4

ERde B BERAE AY T AF 5o
W X E A Aol FEAes AHsHn
Hoo]l e dE A& AE3A g4 AR F
% 1000 x goll 4] 1087 A4 ¥-23ld 4S9 &
“70co] Bastg s Aol AFg-stdt

3. 2N E IGFBPERERE IGFE Eal

oft o} N, mh

fo & @ Ay
4o
N

=4
K

B 7ol IGFBP-IGF £33 2 38 IGFE S &
2] 8t7] 9 5td Mohan#} Baylink (1995)] 7§ 2gk
Bio-gel P 102 ©] 83t IGFe] &2 & M sl
AHEStATH 5 10 g/L +83 &5 (bovine se-
rum albumin; ©] 3} BSAZ °F3}), 0.1 M/L NaCl&
378k acetic acid (1 M/L) 150 midl A} Bio-gel
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P-10 10 g& A 2ol A 16~18A13F A A 2 b4
AM T o 2ol 10~15% B 7t28 AAR
o 90~95%¢] Aol hetere WA A
2 4RSS EFHT Ae 43 30 mig A
¥ 3 m¥ Biospin Y5 (column)of] & ¥ 943
o FEE %I AEATA QLo WA FRh
AHg A de 1250 x g, 3~5%-7+ 9A B2 5k 005
ml B4 43} 0.2 ml 1.25 M/L acetic acid, 0.125 M/
L NaCls} &3 3te] 108-2F wheA) A X A& A
0.05 mE Y52 F4 ¥9o] ¥ F3~587
A4 32 4. Biospin 429389 Z 01 M/
L NaCl& ¥ 33} 1 M/L acetic acid 0.05 mlE
3 F AAL LA 452 15 ml 58
dog 23 sE AAEeed U ve
% speed-vacg Al 83t AZAA 0] EL 20
mM/L acetic acid 0.2 mlol} ¥ 1 187t &5 2)
(sonication) 8} 3L 1.2 M/L Tris base &2} 0 3 33}
AR F RAWALA 2o AEET

4. IGF-1, IGF-l12] HodutAtM =X (immunora-
diometric assay)

471 Ael" B7rd A v} Diagnostic System
LabA} (Texas, USA)ol A 71 3 W o WlALd 23
71EE AME-St IGF ¥ %8 238t &, &
IGF-1 33| 7} vl g] R2tg FHo) B, 4 1'>.
IGF1 84| & 3802 Yqn 1~2% BoHA &
FAZ F Aol = 2E7) (shaker)o| A 34]7H
180 ipme 2 I BAIAT 23 Y &5 WY ¥
THTE 35 FEE AT F v s A=
712 S BE FAAAN =g Faigt
=74 7= 0.8 ng/ml | 2 intrassay variation
£ 3.4% o)t}

2 IGFIl ¥ = T3 $YT Al A 74 &
ROPPALA 247 E2 Aste] 2H AT 5
& IGF-Il A7} vlg] R348 FHo) Bl
¥ IGFI S A AHFE Ao = 2197 (sha-
ker)ol| A 3A]13F 180 ripme 2 A A 2% )
$ES YD TFHFE 33 FHE ¥ 3,
g I'PIGF-T A8 Y3 Ao A Q7] (180
pm)E AH&3ted 147 S A Z ok T Y RE
< B o FRFE A 33 A3 F 2wt
WAts AE7IR 2483 BF FANAN 328
F3tEh &4 WA EE 12 ng/ml ©} Q3 intrassay
variation2 4.3% o} it}

5 XS J1EMzef 22| A v

AZHZE AF FAEQ oA xF G
A AT WLAE =27 H L2 54 05
cm, U 2 x 2 cm 2 AFW TS A ehe] FAY
A& E3HsE Dulbecco's Modified Eagle's Medium/
Ham's F-12 (©] 3} DMEM/F-122 <}3}) ul ko o)
Yol Add= wratd o) Agu stz & 23
Hickal o 2 A A3l AL A Azt vl FHA
ol rlAlF% 7FYE o] &3t =717} 1 mm
o}3t 2 HEE A At AAFUlrza & A
A2 FRHA-g Al T &4 2000 rpmoll A 52
T AR AEA S HEln 3y 47
(pellet)2- 0.2% collagenase®} A H-4-A171 § 37C
871 A 6082 WA Z T A EE 3 HA
5 FAAE LT3 DMEMF-12/10% $-Elol &
% (fetal bovine serum; ©] &} FBS= <}3h= 23] A
A F A M FHol AR/t 38 pym T
(mesh)el] S A AT AGES 400 x g, 108 ¢
AR etn GFE agdo] AFFAAA F
HAle)] Yol 377, 5% CO, W k7)o 3087k 1
Aoted AYPF d BlER] G GAEES F
AEH T AZHE 71 HAH E $-A (dominance)=
A2 @l Ao ot el 2 BAIN AT 95%
o] AL A AH&EATt FAE VAN R
£ 22 o3 23] Al¥ F tryphan blue A EAYE
ZAAY (cell viability testyZ A] 3 5te] 90% o] 4 A&
AE7t fzEls Aol FAAE T DMEM/
F-12/10% FBS] 5 x 10°/ml=Z 3| M3l T-25 =
2] o] 5% CO, Wi F7lol A ) F3tH .
vl -& 3~4d vttt wBEY 2 2578 vk
-196Cel ¥E BAstch

6. AU 7[BM = 4 HA

Y Basigdd 7AMEE Y ¥ 1~2
7+ DMEM/F-12/10% FBSoll A vjksla Al X442
=743 & DMEM/MCDB(3:1)/1% FBS W] ok

wol 9677 HjFdolA 24413 v ket 1
& 50 pg/ml ascorbic acid, 1 mg/ml BSA, 5 pg/ml
transferrin, herpes buffer, 1 uM/L progesterone-2- ¢+
% DMEM/MCDB(3:1) Wi ¥} (83 wjgel)
oz AAsD ATHNE Bae Bz B
Ao (1%)°) H7be 783 v FY ol 393w
eIt Brralo] WrHA gk T Wl
oA wigd A7t APz o AHEH AT

TR

2
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1 pCi®) *H-thymidine S %718 3 2441 7hol) 0.2%
EDTA 50 pl& 7t 79 @1 245 A E5:77)
(automatic cell harvester) & A E& 23 & o +
BelAe) s ST WA S 243
o T3 AR N1AAE Fd e B
9 IGFe] 2§ SolHAXE Blalr] 9ahal
R AZANE AFHEF BRe] 274 3
7hab7] 102 3 13 IGF 444 @ 9l 2
€4 FA < odRs (1~15 ug/mns} ¥H-gA171 712
AMEE TY ol wFd F 43 thymi-
dine incorporation ZAAMS A 23} ok

7. &5H4 B4

RE AR FoALEZLAE FAAG
EZrHol o gk Agulel 7| WA X F4] 4 F oA
= 2t Bpdnieh vl okvte] 47 S AR Sl A
ok 43 Ad¥eFn 1 AAE FEA Wik
A9 Aol A HEE 2 BAATt B4R 4
Aol & student's t-test®} paired t-test, T3 A F
AL ol &bl A3t o pgke] 0.05 wjgt
A AFd 9480 Y= Rez BT AT.

2 I
1 X2UAE BRI HEER ] Bz
IGF 5 Zofl e R2uier TR Mz o] F4

o 3A/te B FEH Mg A g Mg 4
2ol B}3le] 324.99+16.50% thymidine incorpora-
tiono] F98}A] F7FetATh (p<0.0001). Az =}
% A 23RS FAAE 02 NN E
Zkzy 8 el A vt v FE 7 $-9] 322.06
+26.39%, 329.05+16.09% thymidine incorporation
o} FestA S7tekA T (p<0.0001). H7FAu IGF1
¥ %7} 85 ng/ml 0} 5191 A -$+F A IGF-IF, 21 o]
4 %2 D IGFITFOR EF53 3% A3
w3 ghape] By S 3 IGFIEolA A IGRIT
o W) ste] IGFI H57} 20 A] (p<0.0001) thy-
midine incorporation Z7}-&°] §2]51A ®4Th
(p<0.005). Tl 2340} A S A IGFIZ3 1 IGFI
T Apolof IGF-T %X 9} thymidine incorporation &
7H&9] ato]= YA T (Table 1).

gl g BAA T g 17
AL BE Fote] Qe ARAHE AMES 2
E Atelq A S BN A Ay 71A
A ol A 2] thymidine incorporation & 7H-&3 27F
A IGF-I & Atole] frof g FoaA AU
o1} (1=0.55, p<0.01, Figure 1) -7+l IGFA 5
EE ATHHAC AUt o] & 28 ol
ZAZWes #xle] ERd-E de g 3 4%
o TAHA G WEgA ] BFATE GFo.
2 3 ASolle BFEA E4h

Table 1. Mitogenic effects of low and high IGF-I peritoneal fluid (PF) from patients with endometriosis and

control patients on endometrial stromal cells

Type IGF levels Degree .of increage in thymidine
IGFI (ng/ml)  IGF-II (ng/ml) incorporation (%)
Endometriosis (n=14) 96.4+8.15" 362.74+5.61 322.06£6.39
Low IGF-I PF (n=9) 54.58:0.49" 320.71+2.75° 272.8948.10°
High IGF-I PF (n=5) 171.86+5.19" 438.40+3.32° 411.20+0.57°%
Control (n=10) 92.99+9.77 335354398 329.05:£6.09
Low IGF-I PF (n=6) 48.65+0.51° 336.07+7.66 326.50£4.59
High IGF-I PF (n=4) 159.50+7.12° 33428490 333.00+0.28
Total (n=24) 95.02+3.13 351.3347.83 324.99+6.50
Low IGF-I PF (n=15) 52.21+0.04° 326.86+7.05 294.3340.16"
High IGF-1 PF (n=9) 166.37 +5.16° 392.124+5.44 376.44+9.35"

*: Mean=SE; Low IGF-I: <85 ng/ml; High IGF-I: > 85 ng/ml

a,b,e: p<0.0001; c,d: p<0.005; f,g: p<0.05
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.0 p<0.01

Degree of increase in thymidine incorporation (%)

T T 1

0 100 200 300
IGF-I levels in peritoneal fluid

Figure 1. The relationship between IGF-I levels in
peritoneal fluid and degree of increase in thymidine
incorporation in endometrial stromal cells cultured in
vitro. The solid line represents the linear correlation
when peritoneal fluid samples from patients with en-
dometriosis (@) and from control patients (O) were
combined.

2. 1% IGF 85| 24 BH7} GBS
2ixio] Bzolo] chet KBS 7 FMES] S
watol ojx|e 23

- O o

18 IGF &4 A 2 AF et 7124 A
AR glo) Ag e shate) Bt s 283 u)
Fojol Ho T uj e AF AR LA ]
thymidine incorporation& F& % wj ok ofl A wj oF
g A S0 200.5217.36% o)Lt B e A
7Vet7] A 18 IGF £84 gAl2 A8 A4F
Wet 71 A Zol A e 136.06+1641%2 A S
A & M X Bt 66.77+14.31% FH4EHA
o} (p<0.05) (Figure 2).
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Figure 2. Effect of pretreatment of type I IGF re-
ceptor antibody (0IR;) on the mitogenic response of
endometrial stromal cells to peritoneal fluid from pa-
tients with endometriosis (n=6). *p<0.05

2o gele) e A1, = 974 978 o
Foll o7t 2, AT ol B3 (Ce-
lomic metaplasia theory), # =4 (Induction theory)
=9] 7} E (Ramey & Archer, 1993)2 Az U
AEgo] A"A A vig 9o =Ed & 3l
E7lE 4B E 4 AEAE FVLRAA o
24 AgrtzA o] A et & AP oA
3 B AFAME AgHHS e 53
QELH IGF A & % IGF-Io] o] &4 g uutx3
o] AAJNAYL e S A AT
IGF= o & 59| M XM FAEE (mitosis)
3} 2248 27H7)E ARARe AEmol T
Z 2.4 IGF HEl= Z IGF-13 IGF-I7} Sith. IGF
& 2l 1 A XSRS Foba] W
(endocrine), 254 (panacrine), 4] (autocrine) %
2o 7 &88v) (Jones & Clemmons, 1995). IGFS)
AErEAz 153 08 FEA7 A ke o
B 7o) IGF-13} IGF-112] A2 ehd] 282 o] 5ol
tsled e N3 S 71 9 (membrane) tyrosine
kinase$] 18 83 2 E3l o] TR &= Ao

delA et
Giudice T (1994)e] B AL Agste= TH o
B (Ol 19 o] Al )] E2FAel
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A IGFA & A& AAEAT AT ¥ A7
T (1999)y2 A3 yerE #xbe) BdviolA
234 H o} IGF-I0] o) 8tA Ethe A& #AF
v ot B Ao M e o]y Aolg @3}
A 2t o]¥ Aol AF i HAlY ¢ R
IGF 5% "ol Zold] 71UHAE A2 Als
"ot

AgWF Aol Bilgel AguletEol ¢l
= $xpe] AR Qz7ke] A} AFuE 71 E A
29 F4& v 2o] 2P B2 (Surrey &
Halme, 1990)7} $1&X] &= Koutsilieris 5 (1991)3%
Overton 5 (1997)& AZWHF 829 A=
ol gl #xte] BERAL AgynSel g &
Zre] FA Al Z1F A 9] wjok o] AEA
A7Hd BRG] Fxo uel AFuie 74
F9) F2lo] HrtHW G Aleld) B} Hrt
of & o) F24 9 o7} Y&S BAA
o @t old AFAEL EZAY IGFA A
& 38 3kA @sked vl B ddM e B
IGF =X wal A IGF-1%, 3 IGF-IF
oto] vim A3 AguErE g
I IGF-IT ol A A IGF-IZ- o) v 8t =}
718 A Fo} A 2] thymidine incorporation &
o] frelatA kot @t A ol
Aol FAHA Ay = AFREE 2
o] B7 Al IGF-1 3=t A3l gt 7] " A 3 o)
4] 2] thymidine incorporation $7}-& Alolel B9}
g AFAACE A o123 A= Lol
IGF-Ie] Az et 7| AA xS S4 & 2439}
+ Halme$} Hammond (1995)8} 8519} &7 E-7}
A IGF-Io] 7] o) &4 A-gulutzs 9
A% BAY F Y= T ARAA F9 3}
Uel& AAbshe el AbRE T

A IGFIE ] Bl & Abguiet 71 A M 2]
A ol "I FEA v FYollxgt v
3} 73 $-E v} thymidine incorporation®] &7}3tg =
H ol IGFI o] 9l9] & AA= A d 7}
& APk 278 Y 4 vk EGF, FGFel 7 $- A
ol AFUWE ARAZY F4 & 25t 2}
FU e AA4EL BGF -84 2 FGFY] Ad gl
3} 4} (messenger ribonucleic acid)Z 7}A 3 9lvkaL
3} 2 1% (Hammond, 1993; Huang & Yeh, 1994;
Dunselman, 1995)c] 2R H A} 22} Huang 5
(1996)2 AFWF Fxlol A B EGFe}
bFGF= 58} B =2 w34 7oA 431y

e
{a]

ol Wl IS w
2 =
O{N““

R4

)

St e fo o}

o

o

B I 527t g gol g Sl &4
H3u ZFE A9 AUl sle #419
Bdo o] g Aolrt glvke 2HE AU
o}l g},

¥ A Aol A IGFS IGF 2gdud (IGF
binding protein; ©} &t IGFBPE ¢feh)ol 2¢4A 4
HE EXstcd Ao IGFY] #§-& o)d
IGFBPe] ¢|8le] ZHHc} (Jones & Clemmons,
1995). H 2 AFA 5 (1999)2 western ligand
blot#} 5o]& g E A& A A Y o3
o AZUErE 829 g zEAto A Bk uof
IGFBP-3, IGFBP-2, 26 kDa IGFBP, 24 kDa IGFBP
Eo] A E TR o2 5 IGFBP % IGFBP-
37} g S g4 E9Y Fo3tA v
g #Eeh B APl A vl &g 2 IGFIE
9] HAUdA B A TF gatel A e Aol
AR AR 71BAAE F4E 6 2
gt e ole AJUES Sl ol
IGFBP-39] 7ta & ¢18le] IGFete] BgHH) A&
AAGe 2R 1 ¢ IGFY §84< SV
R 719 kn Als "

18 IGF-1 $447} vlg] Add Ayt 7]
AN LM o)t 8 A2 AR }A] F&
A Lol BT B o3t F4]o] AAHY T}
& 497 2= A3USE #1349 B9y
IGF-Io] AAg U=}t 712 A £ 0] F4]6] FolHe=
B gde A& AAE ey B d3e o
ZRAZRYH A AT 712 ETZ A
43t AFWLZ ERlolA e 1A Eete] A}
o] FF& & & flo] ¥ ol g A+ % IGF
ol9le} ohE &AA Axpol] i 37l ¢ B
s}

2 =

B4 IGF7} Aguets &AqA o2
AWtz o] JAd BdstertE dotRnat
A HaE A S GFe] gle 8 &
AW IGFY] Fxo wat A3 7| 2%
Yol nAlE L ¥u Bt ATHHS &
) BN E @Eo R g ek ¥ IGF
FE&A ) g dd E8A FA Rt AN S
cAHE o2 A7 v FY oA wigE AR
1AM E T4 vl EAETh AdE &
e} dzgiAe] B39 1%8 247 784 S
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Aol A7 BS A7k BE AR A
et 71 A A Fo) M 2] thymidine incorporationo}
SJeiA BT AFNAE BAe B4 F
IGF1 327} 85 ng/ml ©] 4+l 7% (T IGF-IE)o]
2 039 A (A IGFIR)el ¥lela IGFI %
=7} oA (p<0.0001) thymidine incorporation
Z7hgo) 918 ETH (p<0.005). thZFx}e]
A9~ A IGF-IT## 1 IGF-IE Ato] ol IGF-II %
$} thymidine incorporation 7182} 2kol& fASITh
AZNTE B9 B IGF1 sk 42
W=}t 7] 2 A Eof| A 2] thymidine incorporation 57}
& Alolef| f-ol & ARAA dnoy zx}
o] EdwmS oz g AL e ojd AR
dol #AFA gskt. 13 IGF &4 IA= A
AR A AFg e 7| FBA Zel M = AARE A
B2 Ao Hste] Bl o gt A EF2 o)
FrelstA FastAnh olgj g 232 A
gape] B IGF-Io] Fol& o= olaA A3
W=tz o] o) Boste AA F9 shetn
AtEE
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