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Growth Inhibition of Human Uterine Leiomyoma Cells by Selective
Estrogen Receptor Modulator

Min Yong Lee, M.D., Chi Heum Cho, M.D., Sang Hoon Kwon, M.D.,
Dae-Kyu Song, M.D.*, Sun Wok Chung, M.D., Hyoung Ok Kang, M.D.,
Sung Do Yoon, M.D., Soon Do Cha, M.D.

Department of Obstetrics and Gynecology, *Department of Physiology, School of Medicine,
Keimyung University, Daegu, Korea

Objective : Our purpose was to evaluate potential efficacy of selective estrogen receptor modulators
(raloxifene and tamoxifen) to human uterine leiomyoma cells.

Methods : The samples were collected from ten hysterectomized specimen. we evaluated the estrogen-
responsive growth of human uterine leiomyoma and normal myometrial cells. The potential efficacy of
Selective Estrogen Receptor Modulators (SERMs: raloxifene and tamoxifen) to human uterine leiomyoma cells
were conducted by MTS, cell count assay and Western-blot.

Results : Human uterine leiomyoma and normal myometrial cells that expressed estrogen receptor (ER)
showed increases the cell number in the presence of estrogen compared with ER negative uterine leiomyoma
cells. Raloxifene and tamoxifen inhibited estrogen-stimulated proliferation of ER-containing human uterine
leiomyoma and normal myometrial cells. Raloxifene was more effective in inhibiting estrogen-induced
increases of cell number compared with tamoxifen.

Conclusion : The effect of SERMs on leiomyoma was inhibited the cell proliferation without apoptosis
or cell cycle arrest. These data suggest that SERM should be examined as candidate of nonsurgical therapeutic
agents for uterine leiomyoma.

Key Words : Uterine myoma, SERM
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QAo aAF)E AANATT 2R £
Dk AQHE ok 239 g Yidez ol
o

741153 44 Nage HA Xska ¢l
Selective estrogen receptor Modulator (SERM) o] JAE
24 2849 Aesel 422E 24 AL 9
S Aolgt FEHY, T8 FdoAM ExE Hud AL
A 4 AFRFANS JTE B 0 g
SERME o| 2E 27 4§49 Agate, 24 uit} th2
A A8t datolut fHﬂJ Agtg St o2
SERM %9] 3}}Ql raloxifenel Az 28 =839 7}
ok WgE S 7pAa, 244 uhet A g A= &
}ldu} Wl A= qAERA AaA 2 243}
i 2bgol= deA =2 288k} Tamoxifend &

"Jr% SERM S 2 ZA3A g} A FHAE AT W
Bl A HIT). mhebd 445 S SERME! tamoxifens)
raloxifene S A} AFZ2E M Lo Bosle] A EZ2] o

AEAE dolrin o] ATE Adsdr

< ‘717} Soﬂ THM
A AR A 2ES AT = 2AE leo}oq *E“ﬁ
AZHA BT B Bastglon, 249 A= &
Aol woek &2 AdIE THF AFAel FolAl A
Aaigint. oleel 1A A S Al FEA AT
2AS dof Ao A AT ALE sl
3, 55 BdoA AL ELT3 AEFE 4F gz A

&ttt

=l

2. RT-PCR

cDNAFA]2 E2]5 RNA 2 pgS oligo dT (16 menE
AHE-3le] 40 L S0 2 GHA} (reverse transcription) S
Attt W3- &g e 244> RNA 2 g, 5 mmol/L
MgCly, 50 mmol/L KCl, 10 mmol/L Tris-HCI (pH 8.3),
1 mmol/L dATP, 1 mmol/L dTTP, 1 mmol/L dCTP, 1
mmol/L dGTP, 1 UjuL RNase inhibitor (Perkin-Elmer Co.,
USA), 2.5 UjuL MuLV reverse transcriptase (Perkin-Elmer
Co., USA), 2.5 ymol/L oligo d(T);sZ, ¥Fg 27L& 42T
127k, 99T 58, 5C 5822 3t PCRE 10 X
reaction buffer (15 mmol/L MgCl,, 100 mmol/L Tris-HCl

o]Flg 9

pH 83, 500 mmol/L KCI) 5 pL9} 10 mmol/L dATP,
dTTP, dCTP, dGTP 7} 1 uLA, 7121 30 ymol/L I
TEE 484 (sense; TCCTTCTAGACCCTTCAGTGAA
GCC, antisense; ACATGTCAAAGATCTCCACCATGCC)
o} A F2E 584 (sense; CCATGTGGCAGATCCC
ACAGGAGTT, antisense; TGGAAATTCAACACTCAGTG
CCCGG) AEAE 7t 1 uLE B2 TFE 1 4L
9] Wk3-A]7l cDNA reaction mixture®} 2.5 unit®] Taq
polymerase (Perkin-Elmer Co. USA)S Y& & Z=R{4
50 yL= 8-S w311 30 yLo] mineral oilS 5% 3 F
DNA thermal cycler (Perkin-Elmer Co., USA)S A}-4-3}
o PCRS A3ttt =4 PCR 4H5 10 yLE 1%
agarose geld| A7|9%E3 & A3tk

fu

3. YX} M= dfet
Ay AT BEE 2AF ATEFT 24 FE F A
o] 7153k AlA3E X21-S Hank’s balanced salt solution
(HBSS) AfolA &A At 3 F 15 mL FH 27
1000 rpmef] A 327 AAlEE ot 45 A2 AAA
o} 23k 249 HEPES (25 mmol/L), penicillin (200 U/
mL), streptomycin (200 yg/mL), collagenase type IV (L.5
mg/mL), DNase (02 mg/mL)E HBSSO| Q1 37C 4%
oA 3-4A17F wj et gtk FRE] astE A S Huls
o] &3t ZstA =FaiA T Ax=2 g F 2000
pmo] A 527 A4 1 FSHE AAFAT
0] & tA] Phospate-buffered saline (PBS)O.Z A 0] A
ALY 3 A5HE AAFAT Bopzl AEXE
10% fetal bovine serum©] & Dulbecco’s modified eagle’s
medlum/Nutnent mixture F-12 ham vjSFA oA FH A7
T 37T, 5% CO, v k710l A vl Fs}ar, 24-48A17F & uj
ok° S w35t wdE Al ¥EE smooth muscle actin
o ot Az AsSAME APt FY F 54 ¥

=0

% AZAAE BlshgT

4. Western Blot Analysis

SERMS| 501 Ag25% 44 A% 224dA 9
AE F713 2 FARS] ddS vwsty, AEAEA
of #ASH: FHAe) $HS Hua AYEaT. B4
3l A Eof| A Lysis Buffer (10 mmol/L Tris-Cl (pH 7.4),
5 mmol/L EDTA (pH 8.0), 130 mmol/L NaCl, 1%
TritonX-100), 0.2 mol/L phenyl-methyl-sulfonyl ﬂuon'de
proteinase inhibitor cocktail ¥l g9 3087 & &
A5t AF -8 # 5}l Biorad protein assay kit (Bio-
Rad Laboratories Inc., USA)E o] &3} ¢z S FZ3)
S B3R e A (Du® 650, Beckman Coulter Inc., USA)2]
595 mmolA FRHEE A5t did S et
AojA oz H 35S 27]9% 35t Nitrocellulose paper
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TBS-T buffer)o] 2o cold chambertj ol A 12A]17F &5
2th. Blocking& o1& A Adt 1w Lx}3+A (Santa Cruze
(Immobilon, Milipore Co., USA)Z A 7]0]FS Al 33}

t}. A7) o]5 % =S blocking & (5% skim dry milk in

e | N

Fig. 1. RT-PCR amplification of estrogen receptor (ER) and
progesterone receptor (PR) in uterine leiomyoma (M)
and normal myometrial cells (N).

Al
21

94

olN

o) -

Biotecnology Inc., USA)?! cyclin Gl 1:1,0000.2 8]4]
&t blocking &8 (d-&)oll 3AI7F F< WA F 1 X
TBS-T €< (20 mmol/L Tris, 137 mmol/L NaCl, 0.5%
Tween 20).2 2 nitrocellulose 2HS YW1l 10271 33] A&
sttt g]ar o]k A<l goat polyclonal IgG (santa
Cruze Biotecnology Inc., USA)E 1;1,0000.2 3] A3k
blocking &<l nitrocellulose 2H& Yl 247 59t
H3AA AAE AFAIFAT. 1 X TBS-T G40z
S 1023E 3 AlF st v Sojx o
A% e FAE AAs AT AH F el dolsd
£ TBS-TEZ #|78al ECL Western Blotting Detection
Reagent (Amersham Bioscience, USA)Z 71 &3} T}

nitrocellulose

5. MTS (Tritiated Yhtmidine Incorporation) =44

A A 23 AEEE AEE 96 well plateo] multi
pipetd ARl 4 10°2 Rty Hlg7]o] 24417
ok & SERMS #]g] & & MTS =3A], One Solution

ReagentS AL 90& &= 37T 1027 ¥X|5H49
7F well B 50130 media 200 yL multi pipetS o]&3}

A. ER (-) cell - 1 day

5
—=
—_ 4 N
-
Z =1l |
X3 [ 1 B
o
0
E2 H e =
= a Control
3 O E2 10E-12mol/L
T - | E2 10E-Gmol/L
@ E2 10E-6mol/L
0
Normal Myoma
B. ER (-) cell — 6 day
= 7._ =
& . B
H 5
E | OControl
% L | O E2 10E-12mol/L
S | oE2 10E-9moliL
a E2 10E-6mol/L

Normal Myoma

14
1.2
1
=S %
3
08
—+—Normal
05 —+—Myoma
04
Control E210E - E210E - E210E -
12mol/L Smol/L Bmol/L
1.4
1.2
B 1 7'—:%;::_4
§
o
® 08
o8 —o— Normal
—e—Myoma
0.4
Control E2 10E- E210E-  E2 10E-
12moliL 9mol/L 6mol/L

Fig. 2.

Estrogen stimulated growth of estrogen and progesterone receptor negative cells on uterine leiomyoma and normal
myometrial cells. A: one—day estrogen treatment, B: six-days estrogen treatment.
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& pipeting&}e] cello] suspension® F well B 100 yL =
T= 39tk Z well F One Solution ReagentE 20 yL
Y11 37T, 5% CO, incubatorol] ksl 3 1-4A)7F Ao,
IAI7E 7Aoo 2 MTS 2433tk 96 well plate readerS
o]-§3tef 490 nmo X FHEE AU

6. 4= M= Y

AZF2ZE AEZ 60 mm tissue culture dishdl] 2 x 10°
cell/dishe A X5 33Tk 2447 wfEA 2 &
SERMZ! raloxifene (Sigma, USA), tamoxifen (Sigma, USA)
£ T2 APEE Bosttt 2448417 v R Al
X E PBS A%, 1Xtrypsin-EDTAZ resuspension A7
H, 1000 rpm 3#7F AAEE SHh F5AS A A
1 PBSE A3} resuspension A]7]1 3, cell suspension
20 uL&} E2<] trypan blue solution EFste] 187+ F
21t} Hemocytometer Aol A Arolgles Al ErE A4S
(33 ®HE AA).

o]Flg 9

7. FACS (Fluorescence-Activated Cell Sorter)of|
olet MEFT| 24
ELT-3 A|¥2 60 mm tissue culture disho] 3% 10° cells/
dish2 Al2E EFstAct wjg7]el 2443 v £
SERMS- &2 FofslGitt. 244813t wj A1 A2
2 PBSZ %A &, I XtrypsinEDTAZ A3 A7 5,
1000 pm 33 YAl stk AFAE AAst
PBSZ A58 A7l H, 15 mL tubeo] 7t} 1000 rpm
3E7F A4 s T A5 9dS AlASEAL cold absolute
BtOH 1 mLY T A5G A7) F, 4T A7 oA A
2 1AAZ T 1000 pmo.2 387F 94 B3 3 4
94 A Asta PBS FAIgH F, Trisodium citrate (Sigma,
USA) 0.1%, IGEPAL-Ca-630 (Sigma, USA) 0.1%7} S
® golo] RNase A 5 mg/mL, propidium iodide (Sigma,
USA) &5 H7tsto] oA 1A FF 4TolA ¢
Attt FAIEREA7]E o]&3te] DNA §go] we
histogram& =43} T}

A. ER (+) cell - 1 day

12 14
g0 -
g s £ /><f
= 51
% 8 ¢ \/
-§ 4 | 8 Control 08 —=— Normal
2 OE210E-12mol/L ——Myoma
3 2 _ | || oE210e-amliL 8

5 ) | | mE210E-6molL

Normel Myoma 04 ‘

Control E2 10E- E2 10E- E2 10E-
12mol/L 9mol/L 6mol/L

B. ER (+) cell — 6 day

* K g 16
40
% feat H——k— 1.4
<
- _ 5 )/\.
- B o W
g — — cs) T
215 PR — O Control % 08
g 10 R || oE210E-12mal/L —o— Nomal
. | oE210E-9mol/L 06 —s— Myoma
O E2 10E-6mol/L
0 0.4 ‘ - -
Normal Myoma Control E2 10E- E210E- E2 10E-

12mol/L Smol/L &mol/L

Fig. 3. Estrogen stimulated growth of estrogen and progesterone receptor positive cells on uterine leiomyoma and normal
myometrial cells. A: one-day estrogen treatment, B: six-days estrogen treatment. Data are mean+SEM values of three
separate experiments. *p<0.05
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8. E)ﬂ HAM

=

EASA EAL student-t testS ©]-§3 L, p<0.055

S0l = Aoz WA

24 _Tl_|.

Azt WG AT 2ET B
EZAT FATEE £8A9 BT
FTT TR ?%E}Oit}
F8A SN E ol
A &FE Ukt
Ag¢2E AEY GAF A
2 2ERA 84 %A
Fol F7te Fo A48 St
EAgHoz ou] A HAE
o Z7heke A& RATAT (

A AEAA ol 2

%Q‘O}LTO A

g 1) A2ERA

O 120ﬂ}\i

EZA
N Fasgon AZS F4¢
= X2

10° mol/L

3o Fig. 3B A]9} o]
o F2o] &Fol ulHst
(Fig. 3). Az=%3 A4

olN

4 o) -

A2 AE] J2EZAL 10° mol/Le 6U7 Fof &
raloxifene S 10"'0] 4 107 mol/L7}A] && =715 A
Fosle, dAERA $&A SA4TAAME Ax T4
AA 7 Y2 (Fig. 4A), FaToAAE 2419 A7t
A} A2 ME raloxifene 10" mol/L¥E|, AZ2%E
AENAE 107 molLol A BAH R o gl o
A #AsIH (Fig. 4B). 2L LS Z tamoxifens
10" 107 molL7bA] &% Z7lalHA] Fojstal,
AN2EZA 84 SA4FANME Wyt g%l (Fig.
5A), S84 OWﬂ‘LoﬂH %@‘4 AqA7E #EHAe U
FATA 997t YA (Fig. 5B). AAF| 23
Z HEFQ ELT3 AZFE oJ2E=2A £8471 ¢
E A0R FAH AEFoIH, HEF ujFA] JAER
| 22 A&Ho g 39 o2 3 ELT-3 H|Z 3|
tamoxifen, raloxifened Fojdle] 32 v|wale], F oF
Aol BF AT F4 Al a7t oS BASH
2 ZelE e (Fig 6).

=

Raloxifene MTS assay

A. ER(-) cells

0.7

0.6 [—

H

0:5 T

o 04 [

© 03 [—
02 |—

0.1 |—

0

Normal

B. ER(+) cells

08

07
06

05
So4
03
02
01

O Control

O10E-11molL
O110E-10mollL
[ 10E- SmolL.
[10E- 8moll
[10E- 7molL

O Control

O10E-11mol/L
O 10E-10mol/L
B 10E- 9mol/L
O10E- 8mol/L
O10E- 7mol/L

0.7
08 [—E 1 E %
05 [—
o 0.4 —] B Control
© 03| O 10E-11mol/L
O10E-10mol/L
02— 1| B 10E- 9mol/L
0.1 [—] O 10E- 8mol/L
o O 10E=- 7mol/L
Myoma
0.8
0.7
06 [
0.5 [
a L
o 04 OCoentrol
0.3 [ O 10E-11mol/L
| O 10E-10mol/L
) @ 1CE- Smol/L
0.1 | @10~ 8mol/L
5 O 10E- 7mol/L
Myoma

Fig. 4. Inhibition of uterine leiomyoma and normal myometrial cells growth by raloxifene. A: Estrogen receptor (ER) negative cells,
B: ER positive cells. Data are mean+SEM values of three separate experiments. * p<0.05
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Tamoxifen MTS assay

A. ER(-) cells

0.7 07
0.6 t == T 06
e = —I—‘ -
0.5 | - S et 05 s —
o 04 | — o 04 —
O 53 |— | o Control ° o | ocCoentrol
’ O 10E-11mol/L ’ 0O10E-11mol/L
02 |— | 10E-10mol/L 02 | O10E-10mol/L
B 10E- 9mol/L @ 10E- 9mol/L
0.1 |— — @ 10E- 8mol/L 0.1 —| @10E- 8mol/L
o 10E- 7mol/L 2 10E- 7mol/L
0 0
Normal Myoma
B. ER(+) cells
0.9 08
0.8 = 07
0.7 | 1 = 06
0.6 | — 05
o 0.5 | —1 O Control 2 04 O Control
) S o
© 0.4 [ —| O10E-11mol/L o O10E-11mol/L
0.3 —| O 10E-10mol/L ) 0 10E-10mol/L
. | B10E-9moliL 0z 0 10E- 9mol/L
01 |— __| @10E- 8mol/L 01 E10E -8mol/L
0.0 @ 10E- 7mol/L 00 0 10E ~7mol/L

Normal

Myoma

Fig. 5.

Inhibition of uterine leiomyoma and normal myometrial cells growth by tamoxifen. A: Estrogen receptor (ER) negative cells,
B: Estrogen receptor (ER) positive cells.

A F24 AA a3et AE 7] 29 A
ELTS3 cell — Cell counting £ 7] 93 GAF uld AZE U422 FACSE AlY
3}"io‘f‘r A3} ek AlEe T7174] Asj st ELT-3 A
T2 A3ttt FACSE o] &3 AX 7|32 4
= m L ERF 7% 37k }t Ae BAY 5 9l
Tol | . ATk EFig. 7). AE 49 4AZL A EADALS B
w0 | I 7b A=A Boko, AEAEALE #A S caspase
%fz ] || o Raloxifene 10E- 9mol/L 31} PARP i x= Wst7k o (Fig. 8). A2 +
30— || Sraodene 108 T 7 2o BAFE cdk2, cdkd, cyclin AS cyclin EZ
51— | @ Tamoxilen 10E- 7mol/L Western-blotale] W3S ®glon} okx] Bof Ao} &

° ELT3 cell oA Bl Aol7} e ATt (Fig. 9).

Fig. 6. Inhibition of ELT-3 growth by raloxifene and

tamoxifen. Data are mean+SEM values of three
separate experiments. * p<0.05
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Fig. 7. Effects of raloxifene and tamoxifen on cell cycle profile by FACS.
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Fig. 8. Effects of treatment with raloxifene and tamoxifen on
caspase 3 and PARP protein expression levels in
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uterine leiomyoma and normal myometrial cells.
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Fig. 9. Effects of treatment with raloxifene and tamoxifen on

cdk 2, cdk 4, cyclin A, and cyclin E protein
expression levels in uterine leiomyoma and normal
myometrial cells.
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