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Abstract 

Uterine myomas are the most common gynecologic tumor in women of reproductive age. 
Treatment options of uterine myomas consist of surgical, medical and interventional therapy such 
as uterine artery embolization or myolysis. Given that it is the most common type of tumor in 
women of reproductive age, the treatment of uterine myomas must prioritize uterine conserva-
tion. There are several drugs for medical treatment of uterine myoma such as gonadotropin re-
leasing hormone (GnRH) agonist, selective estrogen receptor modulator (SERM) and antipro-
gesterone. The objective of this study was to compare the effect of GnRH agonist, SERM, and 
antiprogesterone in the treatment of uterine myomas in vitro. The effect of drugs was evaluated 
through the cell viability assay in cultured leiomyoma cells, western blot analysis of proliferating cell 
nuclear antigen (PCNA), and BCL-2 protein expression. As a result, mifepristone single-treated 
group represents the most significant reduction in myoma cell viability and proliferation. When 
pretreated with leuprolide acetate, raloxifene shows more significant reduction in myoma cell 
viability and proliferation than mifepristone. This study suggests one of the possible mechanisms 
how medications act on uterine myoma, especially at the molecular level. 
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INTRODUCTION 
Uterine myomas are the most common gyneco-

logic tumor in women of reproductive age, with the 
prevalence from 20% to 40% depending on the 
method of diagnosis. Symptoms associated with these 
smooth muscle cell tumors include menorrhagia, 
dysmenorrhea, pelvic pain, pelvic pressure, and in-
fertility. Although uterine myomas are the indication 
for almost 40% of hysterectomies, most patients are 
asymptomatic[1]. 

Etiology of uterine myomas is still unknown, it is 
generally agreed that growth of these tumors is af-
fected by concentration of sex hormones, proliferation 
and apoptosis of myometrial cell, and accumulation of 
extracellular matrix. 

Treatment options of uterine myomas consist of 
surgical, medical, and interventional therapy such as 
uterine artery embolization or myolysis. Hysterecto-
my is a definitive treatment of uterine myomas. 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2014, Vol. 11 

 
http://www.medsci.org 

277 

However, given that it is the most common type of 
tumor in women of reproductive age, the treatment of 
uterine myomas must prioritize uterine conservation. 
Even for postmenopausal women or women with no 
pregnancy plans, it is advisable to consider medical 
treatment prior to surgical treatment if patients are 
appropriate for medical treatment to reduce the risk 
for complications and to save time and cost for sur-
gery and recovery. 

There are several drugs for medical treatment of 
uterine myoma such as GnRH agonist, SERM and 
antiprogesterone. It has been demonstrated that 
GnRH agonist treatment in patients with uterine 
myomas reduces tumor size, and suppresses some 
growth factors that are required for tumor growth [2]. 
Raloxifene is a SERM which binds to the estrogen 
receptor and behaves as an estrogen antagonist in 
some tissues while working as an estrogen agonist in 
other tissues. In a recent clinical study, raloxifene in-
hibited the growth of uterine myomas in premeno-
pausal women, and significantly decreased the vol-
ume of the uterine myomas in postmenopausal 
women [3, 4]. Mifepristone, a synthetic steroid with 
antiprogesterone and antiglucocorticoid activity, is 
effective in treating uterine myomas resulting in 
symptom relief and reduction of tumor size[5]. 

There have been several studies for examining 
the effect of a single drug, but there have been few 
studies about comparing the effects of three drugs, 
especially in vitro. The objective of this study was to 
compare the effect of GnRH agonist, SERM, and an-
tiprogesterone in the treatment of uterine myomas in 
vitro. 

MATERIALS AND METHODS 
Tissue collection and cell culture 

Five uterine myoma tissues were obtained under 
patient consent, from women who underwent hys-
terectomy or myomectomy for medically indicated 
reasons at Seoul St. Mary’s Hospital. Informed con-
sent was obtained from each patient before surgery 
for the use of uterine tissues for the present study. 
Approval for use of uterine leiomyoma was granted 
by the Institutional Review Board of Seoul St. Mary’s 
Hospital. The patients ranged in age from 31 to 56 
years, with a mean age of 41.2 years. One patient was 
a postmenopausal woman. Four patients with regular 
menstrual cycle underwent surgery during early pro-
liferative phase of the cycle without previous hor-
mone therapy. 

Uterine myoma tissues were dissected from the 
uterus and washed with phosphate-buffered saline 
(PBS). The tissues were minced into small pieces and 
digested in 1.5 mg/ml collagenase IV and 50 mg 

DNase I at 37℃ for 3 hours. The leiomyoma cells were 
collected by centrifugation at 1,200 rpm for 3 minutes 
and washed 3 times with PBS. Isolated leiomyoma 
cells were cultured in 100 mm2 culture dishes at 37℃, 
5% CO2 in a humidified atmosphere in phenol 
red-free Dulbecco’s modified Eagle’s medium/F12 
(DMEM/F12; Gibco Life Technologies, Grand Island, 
NY) supplemented with 10% fetal bovine serum, and 
100U/ml penicillin. The morphological characteristics 
were observed daily under inverted microscope with 
the medium changed every two days. When cells 
reached saturation, they were isolated with Tryp-
sin-EDTA. 

Drug treatment 
In order to see the effects of the three reagents 

and the impact of GnRH agonist pretreatments on the 
growth of uterine myoma cells, we conducted two 
types of experiments. The first set was to see the ef-
fects of GnRH agonist, raloxifene (Evista®, Sig-
ma-Aldrich, St. Louis, MO), and mifepristone (Sig-
ma-Aldrich, St. Louis, MO) single treatments on cell 
growth, and the second set was to examine the effect 
of GnRH agonist pretreatments. Leuprolide acetate 
(Leuplin®, Takeda Pharmaceutical Company Ltd., 
Japan) was used as the GnRH agonist substance. 

In the first type, the cultured cells were treated 
with one of three solutions: 10-9 M leuprolide acetate 
for 72 hours [6], 10-9 M raloxifene for 48 hours [7], or 
10-7 M, mifepristone for 48 hours [8]. In the second set, 
cultures were first pretreated with 10-9 M leuprolide 
acetate for 72 hours then were exposed to either 10-9 M 
raloxifene or 10-7 M mifepristone for 48 hours. 

Immunohistochemical assay for estrogen 
receptor (ER), progesterone receptor (PR) 
using 2 different methods and antibodies 

Immunohistochemical assay was performed to 
evaluate the expression of estrogen receptor (ER) and 
progesterone receptor (PR) on cultured uterine leio-
myoma cells. Each 4-µm-thick uterine myoma sample 
was obtained and processed as below. Each specimen 
was prepared with the ThinPrep1 Processor (Cytyc, 
Boxborough, MA) according to the manufacturer’s 
manual. Immunohistochemical staining for ER and 
PR was done on a ThinPrep slide using the Bench-
Mark XT automated slide processing system (Ventana 
Medical System, Tucson, AZ, USA). The following 
rabbit monoclonal antibodies were used for primary 
antibody: ER (Predilute, SP1, Ventana, USA) PR (Pre-
dilute, 1E2, Ventana). We considered ER and PR as-
says positive, if there are at least 1% positive tumor 
neuclei in the ThinPrep slide [9].  



Int. J. Med. Sci. 2014, Vol. 11 

 
http://www.medsci.org 

278 

MTT assay 
After being treated with the corresponding re-

actants in serum-free DMEM/F12 for 48 and 72 hours 
in a 96-well tissue culture plate, the data were ana-
lyzed at 450 nm and evaluated with 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT, Colorimetric assay kit, Chemicon Inc., 
CA, USA) which is modified from the tetrazolium 
based colorimetric assay. 

Western blot analysis for PCNA and BCL-2 
To extract proteins for western blot analysis, 

leiomyoma cells were cultivated in 1 x 106/ml con-
centration on 100 ㎟ dishes then isolated by centrifu-
gation. Once drug treated, cells were lysed at 4°C for 
30 minutes in the presence of a lysis buffer. The ly-
sates were subsequently centrifuged at 12,000 rpm for 
30 minutes at 4°C and the supernatants were collect-
ed. Protein content in the supernatants was deter-
mined Bio-Rad Protein Assay (Bio-Rad, Philadelphia, 
PA). Each 50 ㎍ aliquots of the extracted protein were 
boiled for 5 minutes then treated with electrophoresis 
for 2 hours with 100 V in 10% sodium dodecyl sulfate 
(SDS)/polyacrylamide gel. They were then trans-
ferred onto a nitrocellulose paper under 360 mA for 1 
hour and the membrane was eliminated of impurities 
in 5% nonfat milk and 0.05% Tween 20 solution for 1 
hour. 

The blots were exposed overnight in 4°C condi-
tion to two types of antibodies: a mouse monoclonal 
antibody to PCNA (Santa Cruz Biotechnology, Inc. 
Santa Cruz, CA) and a mouse monoclonal antibody to 
BCL-2 (Santa Cruz Biotechnology, Inc. Santa Cruz, 
CA) at dilutions of 1:200. They were washed three 
times in TBST then exposed to the respective second-
ary antibody (Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA) in 1 hour at room temperature before being 
washed again three times in TBST. The characteristic 
protein bands were obtained using the ECL Western 
blotting system (Amersham, Piscataway, NJ). 

Statistical analysis 
The uterine myoma cell viability of the control 

group and the treated groups (raloxifene, mifepris-
tone, leuplin) was statistically analyzed using the 
multiple comparison method. Samples treated with 
raloxifene and mifepristone, whether 
leuplin-pretreated or with no pretreatment, were an-
alyzed using the paired t-test. 

The data were expressed as the mean ± SD from 
at least three independent experiments. Statistical 
significance was determined using paired t-test. A 
difference with a p < 0.05 was considered statistically 
significant.  
 

RESULTS 
Presence of immunoreactive cells for ER, PR in 
myoma cells 

The ER-, PR-expressions in cultured myoma cells 
were investigated with immunohistochemistry assay. 
ER and PR were scored at 5, showing a strong positive 
reaction. Fig. 1 shows cells stained for ER and PR ex-
pressions in the myoma cell. 

Effect of leuprolide acetate, raloxifene, and 
mifepristone on proliferation of myoma cells  

Primarily cultured cells treated with leuprolide 
acetate, raloxifene, and mifepristone were analyzed in 
comparison with the control group showing a signif-
icant reduction in cell viability (Fig. 2). Myoma cell 
viability was significantly reduced in leuprolide ace-
tate, raloxifene, and mifepristone single-treated 
groups, in comparison with control group (p < 0.05). 
Mifepristone treatment showed the most significant 
reduction in cell viability (37.1 ± 3.5%) followed by 
leuprolide acetate (65.7 ± 3.5%). Raloxifene had the 
least reduction in cell viability (79.6 ± 2.3 %) compared 
to the other two drugs (p < 0.05). 

 

 
FIGURE 1. Immunohistochemistry of cultured myoma cells; (A) 
ER-positive myoma cells (B) PR-positive myoma cells. Original magnifica-
tion: x400 

 

 
FIGURE 2. Effect of raloxifene, mifepristone and leuprolide acetate on 
the survival of primarily cultured myoma cells. (C, control; R, raloxifene; M, 
mifepristone; L, leuprolide acetate, *P < 0.05 versus control) 
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Effect of raloxifene and mifepristone on the 
uterine leiomyoma cell proliferation 
pretreated with leuprolide acetate  

For cells pretreated with 10-9M leuprolide acetate 
for 72 hours, cell viability was more significantly re-
duced when treated with raloxifene for 48 hours than 
for the raloxifene single treatment group (63.6 ± 3.5% 
versus 79.6 ± 2.3%, p = 0.017). However, when they 
were treated with mifepristone, myoma cell viability 
was higher than the mifeprostone single treatment 
group (p = 0.028, Fig. 3). 

Effects of leuprolide acetate, raloxifene, and 
mifepristone on PCNA and BCL-2 expression 

Western blot analysis of PCNA-positive cells and 
BCL-2 protein in cultured myoma cells revealed the 
same result in MTT analysis. In comparison with the 
control group, PCNA expressions were most signifi-
cantly reduced in the mifepristone-treated group. In 
this group, however, the expression increased when 
pretreated with leupolide acetate (Fig. 4A). For the 
raloxifene treated group, PCNA expression was re-
duced when pretreated with leuprolide acetate than 
when not pretreated.  

Experiment with BCL-2 emphasized the results. 
BCL-2 expression was reduced most significantly in 
the mifepristone group. However, it was increased 
with pretreatment with leuprolide acetate. Raloxifene 
inhibited BCL-2 expression, and with the leuprolide 
aceate pretreatment, BCL-2 expression was reduced 
more than its expression in the single treatment group 
(Fig. 4B). 

 

 
FIGURE 3. Effect of leuprolide acetate on the anti-proliferative effect of 
raloxifene and mifepristone on primarily cultured myoma cells (C, control; 
R, raloxifene; LR, leuprolide acetate + raloxifene; M, mifepristone; LM, 
leuprolide acetate + mifepristone, *P < 0.05 versus control). 

 
FIGURE 4. (A) Effect of raloxifene, mifepristone, and leuprolide acetate 
on the expression of PCNA on primarily cultured myoma cell and (B) on 
the expression of BCL-2 on primarily cultured myoma cell. B-actin was 
used to ensure the even loading of each specimen (C, control; R, raloxi-
fene; LR, leuprolide acetate + raloxifene; M, mifepristone; LM, leuprolide 
acetate + mifepristone). 

 

DISCUSSION 
Because uterine myomas usually do not occur 

before menarche and markedly decrease in size after 
menopause, it is assumed that growth of uterine 
myomas depends on estrogen[7]. Several clinical 
studies substantiated that progestin stimulates 
growth of uterine myomas, whereas antiprogesterone 
has the opposite effect [10]. Accumulating data sup-
port that sex hormone-lowering medications play an 
important role in the medical treatment of uterine 
myomas. The precise mechanism of how medications 
affect uterine myoma has not yet been elucidated. It is 
presumed that sex hormones regulate growth of 
uterine myoma by affecting apoptosis and prolifera-
tion of myoma cell. 

This study was designed to compare the effect of 
GnRH agonist, SERM, and antiprogesterone in the 
treatment of uterine myomas in vitro. In clinical set-
ting, there was no way to compare those antiprolifer-
ative effects directly because of the large number of 
conditions that could not be controlled. 

In the present study, the effect of drug was 
evaluated through MTT assay and western blot anal-
ysis of PCNA and BCL-2 protein expression. BCL-2 
acts as a biologically important inhibitor of apoptosis. 
It was discovered that BCL-2 protein expression was 
rich in uterine myomas than normal myometrium. 
Abundant expression of BCL-2 protein in uterine 
myomas may be one of the mechanisms for the 
growth of uterine myomas[11].  

PCNA is a molecule confined to the nucleus of 
proliferating cells. The determination of PCNA can be 
useful in the analysis of cell proliferation[12]. As a 
result, mifepristone single-treated group represents 
the most significant reduction in myoma cell viability 
and proliferation. This finding corresponds well with 
those of the clinical studies which report that mife-
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pristone has been shown to decrease uterine myoma 
size and menstrual blood loss. When pretreated with 
leuprolide acetate, raloxifene shows more significant 
reduction in myoma cell viability and proliferation 
than mifepristone. This result is similar to the clinical 
finding in the earlier study.  

In postmenopausal women, raloxifene was more 
effective in treating uterine myomas in premenopau-
sal women due to the markedly decreased levels of 
circulating estrogen. According to a clinical study, the 
use of raloxifene appears to be a safe treatment for 
postmenopausal women affected by uterine myomas 
in terms of reducing tumor dimensions, incidence of 
amenorrhea, and the number and severity of abnor-
mal uterine bleeding episodes. Based on these studies, 
the effect of raloxifene as a medical treatment of 
uterine myomas will be augmented in the hypoes-
trogenic status, and is therefore expected to be most 
effective in treating postmenopausal or elderly 
premenopausal women. The effectiveness will be 
further improved if the hypoestrogenic status is 
maintained simultaneously by treatments such as 
GnRH agonist therapy along with raloxifene treat-
ment. This study has also proved that the myoma cell 
viability of the raloxifene group pretreated with 
leuprolide acetate was further reduced in comparison 
to the control group, which is consistent with the 
conclusions of previous studies. These findings 
demonstrate the similar results of the previous clinical 
studies, especially at the molecular level. 

Although we could not explain the exact mech-
anism, there might be a certain role of the GnRH ago-
nist pretreatment that could increase antiproliferative 
effect of raloxifene. On the other hand, interestingly, 
GnRH agonist pretreatment decreased the effect of 
mifepristone. Further studies will be required to ex-
plain this phenomenon. 

Studies have suggested that growth of uterine 
myomas is steroid-dependent and that mitotic activity 
in uterine myomas is greatest in the luteal phase. The 
main hormone associated with the luteal phase is 
progesterone, which is significantly higher during the 
luteal phase than other phases of the menstrual cycle. 
Mifepristone, a progesterone receptor modulator with 
primarily antagonistic properties, has been shown to 
decrease the size of uterine myomas[13]. The result of 
this study, in which mifepristone single-treated group 
represents the most significant reduction in myoma 
cell viability and proliferation, could explain the effect 
of progesterone on the growth of uterine myomas in 
premenopausal women. 

It is presumed that medications for treatment of 
uterine myoma induce apoptosis and inhibit prolifer-
ation of uterine myoma. A number of clinical studies 
showed the effect of drugs from reduced symptoms or 

decreased uterine myoma size. Few studies on the 
mechanisms of medical treatment have been found in 
the literature. There have been few reports on com-
paring the effects of various kinds of medications and 
combined therapy. This study suggests one of the 
possible mechanisms of how medications act on 
uterine myoma, especially at the molecular level, and 
compares the effects of medications. In conclusion, 
mifepristone single-treated group represents the most 
significant effect on uterine myoma cells in vitro. 
When pretreated with leuprolide acetate, raloxifene 
shows more significant effect on uterine myoma than 
raloxifene monotherapy in vitro. However the anti-
proliferative effect of mifepristone was decreased 
with GnRH agonist pretreatment. This study will play 
a meaningful role as a basic research in elucidating the 
mechanisms of medical treatment of uterine myomas.  
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