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Abstract. Uterine leiomyoma is a benign tumor that grows 
within the muscle tissue of the uterus. Ulipristal acetate (UPA) 
is a pre-operative drug used to reduce the size of leiomyoma. 
The aim of the present study was to examine the in vitro 
mechanistic details of action of UPA on uterine leiomyomas. 
Primary cultures of leiomyoma cells were isolated from patient 
myomectomy specimens and incubated in the presence or 
absence of UPA at various concentrations. The proliferation, 
cell viability and doubling time properties of the treated cells 
were analyzed. In addition, the mRNA and protein expression 
levels of p21, p27, cyclin E, cyclin-dependent kinase 2 (cdK2), 
matrix metalloproteinase (MMP)-2 and MMP-9 were exam-
ined, as well as the structure of F-actin in the primary-cultured 
leiomyoma cells. The results demonstrated that UPA exerted 
inhibitory effects on proliferation of primary-cultured leio-
myoma cells. Expression of p21 and p27 was upregulated, 
while cyclin E and cdK2 were downregulated in UPA-treated 
primary-cultured leiomyoma cells. An increased expression 
of MMP-2 was observed in primary-cultured leiomyoma cells 
and a leiomyoma tissue sample of a patient with previous 
history of UPA treatment. Furthermore, a pronounced forma-
tion of F‑actin stress fibers was observed in leiomyoma cells 

of the UPA-treated patient. These data suggest that UPA treat-
ment attenuated the proliferation of uterine fibroid cells via 
upregulation of p21 and p27, resulting in cell cycle delay. The 
findings in the current study also suggest that UPA may cause 
extracellular matrix constriction, leading to the shrinkage 
in size of the leiomyoma possibly via stimulation of MMP-2 
expression and induction of actin stress fibers.

Introduction

Uterine leiomyomas, also known as fibroids, are benign 
hormone-sensitive smooth muscle tumors of the uterus. They 
contain large amount of extracellular matrix (EcM) and are 
surrounded by a thin pseudo-capsule of areolar tissues and 
compressed muscle fibers (1‑3). Symptomatic women often 
suffer from heavy menstrual bleeding, pelvic pressure and pain, 
thus reducing their quality of life (4,5). A recent study revealed 
that 53.7% of women with leiomyomas reported a decline on 
their life quality with influences in sexual life, performance at 
work, along with family and daily life (6). The management of 
symptomatic fibroids has traditionally been through surgical 
removal via either hysterectomy or myomectomy, and thus 
far uterine leiomyomas are the most common indication for 
hysterectomy associated with morbidity and mortality as well 
as a substantial economic impact on healthcare systems (7). 
Thus, there is a pressing and urgent need for a more effective, 
uterus-sparing medical therapy that may improve the fertility 
outcome of these patients.

Patients with symptomatic leiomyomas often receive 
hormonal therapies, such as gonadotropin-releasing hormone 
agonists and selective progesterone receptor modulators, 
which have been proven to be effective at reducing leiomyoma 
volume, uterine size, and menstrual blood loss (8). Recently, 
pre-operative pharmacological treatment of myomas has 
been approved to control fibroid growth (9,10); Ulipristal 
acetate (UPA), a selective progesterone receptor modu-
lator (SPRM) that modulates progesterone‑receptor activity, 
is reported to have agonist/antagonist activities depending 
on the cellular context and has been demonstrated to induce 
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apoptosis in cultured leiomyoma cells (11). Evidence suggests 
that long-term treatment with UPA may control the bleeding 
and shrinkage on uterine leiomyoma (12).

In vitro studies demonstrate that progesterone stimulates 
proliferative activity in cultured leiomyoma cells, but not in 
normal myometrial cells (13). These observations that proges-
terone has a crucial role in leiomyoma growth triggered studies 
for hormonal treatments using SPRMs. Altering progesterone 
receptor signaling, SPRMs can inhibit cellular proliferation 
of leiomyoma and stimulate the apoptosis of leiomyoma cells. 
Studies have revealed that asoprisnil, a SPRM, inhibits prolif-
eration, thus stimulating apoptosis, and represses collagen 
synthesis resulting in the stimulation of EcM resorption (14). 
A study evaluated the underlying mechanism of UPA and 
reported that UPA induced the expression of matrix metal-
loproteinase (MMP)-1 and MMP-8, the proteolytic enzymes 
involved in tissue remodeling, and decreased the expression 
of tissue inhibitor of metalloproteinases (TIMP) in cultured 
leiomyoma cells, but not in cultured myometrial cells (15).

Although the efficacy of UPA on reducing the size of leio-
myoma has been firmly established, UPA is only approved for 
preoperative treatment. UPA is used for temporary treatment 
prior to surgery in order to manage symptoms of pain, pressure 
and bleeding, often associated with leiomyomas. Leiomyomas, 
however, regrow within several months after discontinuation 
of the UPA treatment, which renders surgery necessary to cure 
leiomyomas following UPA treatment.

Studies suggest that UPA induces apoptosis thereby 
decreasing the size of leiomyomas. however, apoptosis alone 
cannot explain the re-growth of leiomyomas. Thus, the aim of 
the present study was to investigate the mechanistic details of 
action of UPA and determine potentially novel mechanisms 
by which UPA affects leiomyoma growth, with the hope to 
provide a foundation for novel pharmacological approaches 
to treat uterine fibroids. As cumulative lifetime risk of leio-
myoma is approaching 70% for women (2), development of 
novel medical treatments which can cure leiomyomas without 
surgery has multiple benefit of social and economic aspects.

Materials and methods

Patient samples. Uterine leiomyoma tissue specimens were 
collected from patients who underwent myomectomy or 
hysterectomy at dongsan Medical center (daegu, Republic 
of Korea) between 2010 to 2014. Inclusion criteria were as 
follows: 20-50 year old women who had been diagnosed by 
ultrasonography with leiomyoma, and underwent myomec-
tomy or hysterectomy, women who have had medical treatment 
for leiomyoma were excluded. Uterine leiomyoma tissue 
specimens collected from women with history of preopera-
tive medical treatment of leiomyoma were used only for the 
immunohistochemistry assay. women who met the inclusion 
criteria were included regardless of history of other diseases. 
written informed consent was obtained from all patients and 
the study was approved by the institutional review board of 
dongsan Medical center (daegu, Republic of Korea; approval 
no. 09-156). Leiomyoma specimens from patients with previous 
history of UPA treatment prior to surgery were compared with 
those from patients without previous history of UPA treatment 
prior to surgery, via immunohistochemistry (ihC) analysis. 

Specimens from patients without previous history of UPA 
were also primary-cultured for further study to determine the 
effects of UPA.

Isolation of uterine leiomyoma cells and culture. Leiomyoma 
tissues were digested in hBSS medium containing 1.5 mg/ml 
collagenase II and 6.5 mg/ml hePeS (all from Sigma‑Aldrich; 
Merck KgaA, darmstadt, germany) for 4 h in a water bath 
at 37˚C and vortexed at an interval of 1 h. Then cells were 
maintained at 37˚C in a humidified atmosphere of 5% Co2 in 
dMEM/F‑12 medium containing 10% fetal bovine serum and 
1% of antibiotics (all from gibco; Thermo Fisher Scientific, 
inc., Waltham, MA, USA)

Cell viability assay. cells were seeded in a 48-well plate 
for 24 h, and then treated with different concentrations of 
UPA (Toronto Research chemicals, Inc., North york, ON, 
canada) for 72 h. cell counting kit-8 (ccK-8) assay was 
performed to determine cell viability, according to the manu-
facturer's instructions (Dojindo Molecular Technologies, inc., 
Kumamoto, Japan).

Doubling time measurement. cells were seeded in a 12-well 
plate, with 2x2 mm crossing lines drawn at the bottom, at a 
concentration of 10,000 cells/well with medium containing 
10% fetal bovine serum and 1% antibiotics. The cells were 
treated with the indicated concentrations of UPA and the 
number of cells in each region of the well were counted every 
24 h. doubling time was determined with the following 
formula: doubling Time = TIn2/In(Xe/Xb); where T is 
the incubation time, Xb is the cell number at the beginning of 
the incubation time, and Xe is the cell number at the end of the 
incubation time.

EdU assay. cell proliferation was assayed with the click-iT 
edU imaging kit (invitrogen; Thermo Fisher Scientific, inc.). 
cells were plated in 8-well chamber slides at a concentration 
of 10,000 cells/well. cells were then treated with different 
concentrations of UPA and incubated for 72 h. Following the 
72 h incubation, cells were labeled with 10 µM EdU solution 
for 24 h and were photographed for Edu incorporation using 
a fluorescent microscope, and analyzed using Zen‑2.0 blue 
edition software (Carl Zeiss, Thornwood, ny, USA).

Western blot immunoassay. Primary-cultured leiomyoma cells 
were lysed with RiPA buffer (Biosesang Co., inc., Seongnam, 
Korea) containing 1% protease inhibitor (invitrogen; Thermo 
Fisher Scientific, inc.) and 2 mM PMSF. Total protein concen-
tration was determined by Bradford assay. Equal amounts of 
protein samples [40 µg, for MMP‑2 and MMP‑9 blots; 30 µg, 
for p21, p27, cyclin E and cyclin-dependent kinase 2 (cdK2) 
blots] were separated by 10% SDS‑PAge and transferred 
to nitrocellulose membranes. Membranes were blocked 
with 5% skim milk in TBS containing 0.1% Tween‑20 for 
1 h. Antibodies against MMP‑9 (cat. no. ab38898), MMP‑2 
(cat. no. ab37150), CDK2 (cat. no. ab32147), cyclin e1 (cat. 
no. ab3927) were obtained from Abcam (Cambridge, MA, 
USA), for p21 (cat. no. 2947) and p27 (cat. no. 2552) from Cell 
Signaling Technology, Inc. (Danvers, MA, USA) and for β-actin 
(cat. no. A5316) from Sigma‑Aldrich; Merck KgaA. Primary 
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antibodies were diluted (1:1,000) and incubated overnight at 
4˚c. Secondary antibodies, goat anti‑mouse (cat. no. sc‑2005) 
and goat anti‑rabbit (cat. no. sc‑2030) with horseradish 
peroxidase (hRP) conjugate were purchased from Santa Cruz 
Biotechnology, inc. (Dallas, TX, USA). Secondary antibodies 
were diluted (1:2,000) and incubated at room temperature for 
2 h. The blots were developed with enhanced chemilumines-
cence solution from Pierce (Thermo Fisher Scientific, inc.) and 
imaged using a LAS‑3000 imager (Fujifilm, Tokyo, Japan). 
The intensity of each band was normalized against β-actin 
and quantified using imageJ software (national institutes of 
health, Bethesda, MD, USA).

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. Total 
RNA was isolated from leiomyoma cells treated with 
different concentrations of UPA using acid guanidinium 
thiocyanate-phenol-chloroform extraction method. Equal 
amounts of RNA were used for RT-qPcR analysis. Reverse 
transcription was performed using Reverse Transcriptase 
(Promega Corporation, Madison, Wi, USA), and qPCR analysis 
was performed using SyBR‑green (Toyobo Co., Ltd., osaka, 
Japan). The primer sequences and PcR conditions were as 
follows; p21, forward, 5'‑ATg AAA TTC ACC CCC TTT CC‑3', 
reverse, 5'‑CCC TAg gCT gTg CTC ACT TC‑3' and annealing 
temperature and time, 60˚C for 30 sec; p27, forward, 5'‑AgA 
TgT cAA Acg Tgc gAg Tg‑3', reverse, 5'‑TCT cTg cAg 
Tgc TTc Tcc AA‑3' and annealing temperature and time, 
60˚C for 30 sec; MMP‑2, forward, 5'‑TAT gAc Agc Tgc Acc 
AcT gA‑3', reverse, 5'‑TCA Tcg TAg TTg gcT gTg gT‑3' and 
annealing temperature and time, 60˚C for 30 sec; MMP‑9, 
forward, 5'-gAg TTc gAg TgA gTT gA‑3', reverse, 5'‑ggC 
ccT cTc yyc ycA ccT TT‑3' and annealing temperature and 
time, 60˚C for 30 sec; gAPDh as an internal control, forward, 
5'-TTc gAc AgT cAg ccg cAT cTT CTT‑3', reverse, 5'‑gCC 
cAA TAc gAc cAA ATc cgT TgA‑3' and annealing tempera-
ture and time, 60˚C for 30 sec. The expression was normalized 
against gAPDh and quantified as previously described (16).

IHC staining. Tissues were fixed with 10% formalin for 24 h at 
room temperature and embedded in paraffin. Formalin‑fixed 
and paraffin‑embedded specimens were cut into 4 µm-thick 
sections. Tissues were rehydrated using xylene 3 times for 
5 min and a series of graded ethanol (absolute ethanol twice 
for 5 min, 95% ethanol 2 times for 3 min, 80% ethanol for 
3 min) at room temperature. Subsequent to being washed 
with water for 5 min, sections were permeabilized using 3% 
h2O2 in methanol for 15 min at room temperature, washed 
again with water for 5 min. For antigen retrieval, sections 
were immersed in citrate buffer (150 mM sodium citric- acid, 
ph 6.0), boiled for 10 min, cooled to room temperature for 
20 min in ice, washed with water, and blocked with 2% goat 
serum (cat. no. 16210072; gibco; Thermo Fisher Scientific, 
inc.) in PBS for 30 min at room temperature. The tissues were 
incubated with anti‑MMP‑9 (1:500; cat. no. ab38898; Abcam, 
Cambridge, UK) and anti‑MMP‑2 (1:200; cat. no. ab37150; 
Abcam) antibodies overnight at 4˚C. The sections were 
then washed with PBS prior to incubation with horseradish 
peroxidase‑conjugated goat anti‑rabbit antibody (1:1,000; 
cat. no. SC‑2004; Santa Cruz Biotechnology, inc.) in 1% goat 

serum at room temperature for 1 h. Sections were then washed 
with PBS for 10 min, visualized using a mixture of diamino-
benzidine chromogen (cat. no. SK‑4105; Vector Laboratories, 
Burlingame, CA, USA) and analyzed under a light microscope 
(magnification, x200; nikon Corporation, Tokyo, Japan).

Actin stress fiber staining. Primary-cultured leiomyoma cells 
were seeded in 8-well chambers. Following 24 h incubation, 
cells were treated with different concentrations of UPA in 
serum-free media and incubated for an additional 72 h. cells 
were then exposed to media with 10% fetal bovine serum 
for 6 h to stimulate the cell cycle. Actin stress fiber staining 
was performed with the F‑Actin Visualization Biochem Kit 
(Cytoskeleton, inc., Denver, Co, USA). Cells were fixed for 
20 min and permeabilized for 15 min at room temperature. 
The chamber slide was then incubated in the dark with 
100 nM rhodamine phalloidin (cytoskeleton, Inc.) at room 
temperature for 30 min. nuclei were counterstained with 
100 nM DAPi (invitrogen; Thermo Fisher Scientific, inc.). 
glass slides were sealed with mounting solution and analyzed 
by epifluorescence microscopy.

Statistical analysis. Each experiment was repeated at least 
three times. All data were calculated as relative values and 
presented as means ± standard deviation. Statistical analyses 
were performed with one-way analysis of variance followed 
by Tukey's post-hoc test. P<0.05 was considered to indicate a 
statistically significant difference. The SAS statistical software 
package (version 8.02; SAS institute inc., Cary, nC, USA) was 
used for analysis.

Results

UPA inhibits proliferation of primary‑cultured leiomyoma 
cells. ccK-8 assay was performed to determine the effect 
of UPA on the viability of uterine leiomyoma cells that had 
been treated with different concentrations of UPA for 72 h. 
Leiomyoma cells exposed to 1 and 10 µM of UPA exhib-
ited decreased viability compared with control cells, in a 
dose-dependent manner (Fig. 1A). Next, the doubling-time of 
primary-cultured leiomyoma cells was measured to investi-
gate the possibility of UPA exerting regulatory action on the 
proliferation of leiomyoma cells. As illustrated in Fig. 1B, 
a decreased number of cells was observed with increasing 
time lapse in UPA-treated cells compared with control cells. 
The doubling time of control leiomyoma cells was ~2 days 
(2.0±0.18 days), while the doubling time of UPA-treated 
leiomyoma cells was ~3.6 days (UPA 1 µM, 3.0±0.5 days; 
UPA 10 µM, 3.4±0.9 days; Fig. 1B). These results clearly 
indicate that UPA had an anti-proliferation effect on 
leiomyoma cells.

To validate the inhibitory effect of UPA on the prolif-
eration of leiomyoma cells, an EdU incorporation assay was 
performed. The results demonstrated that the proliferation rate 
of UPA‑treated leiomyoma cells decreased to ~50% relative to 
the control cells (UPA 1 µM, 6±10.1% of control; UPA 10 µM, 
51±15.0% of control; Fig. 1C).

UPA induces cell cycle delay via upregulation of p21 and p27. To 
further determine the mechanistic details of the anti-proliferation 
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effect of UPA, the mRNA and protein expression levels of the 
cell cycle regulatory molecules, p21, p27, cyclin E and cdK2 
were evaluated. As presented in Fig. 2A and B, the mRNA 
expression levels of p21 and p27 were significantly increased in 
UPA-treated primary-cultured leiomyoma cells compared with 
control cells. In addition, UPA treatment stimulated the upregu-
lation of p21 and p27 proteins, while it decreased the protein 
expression of cyclin E and cdK2 (Fig. 2c), which suggests a 
regulatory role of UPA in leiomyoma cells via cell cycle delay. 
Fig. 2D presents quantification of the protein expression band 
intensities derived from three different patients.

UPA upregulates MMP‑2 expression. Because of the excessive 
synthesis of EcM in leiomyoma and of the regulatory role of the 
EcM on cell proliferation and cell cycle progression (17), the 
hypothesis that UPA may have a role on EcM remodeling was 
next examined, by determining the expression levels of MMP-2 
and MMP‑9. The results demonstrated that the mRnA (Fig. 3A) 
and the protein (Fig. 3B) expression levels of MMP‑2 increased 

following UPA treatment in a dose-dependent manner. In addi-
tion, cytoplasmic and nuclear MMP-2 (brown) staining was 
markedly increased in the uterine tissue of a patient who had been 
treated with UPA prior to hysterectomy (Fig. 3C). Furthermore, 
the protein expression levels of MMP-9 were increased in both 
UPA-treated primary-cultured leiomyoma cells and in the 
leiomyoma tissue of a patient who had been treated with UPA 
prior to hysterectomy (Fig. 3B and C). however, the increase in 
expression of MMP-9 in UPA-treated leiomyoma tissue was not 
as extensive as that of MMP‑2 (Fig. 3C).

UPA induces stress fiber formation. EcM exerts its effects on 
cells via relaying signals to adjacent cells to reorganize the 
assembly of cytoskeletal components. To investigate whether 
UPA exerted its regulatory effect on cellular cytoskeletal 
components, primary-cultured leiomyoma cells were immu-
nostained for F‑actin stress fibers and analyzed by microscopy. 
The results revealed pronounced formation of F-actin stress 
fibers in UPA‑treated leiomyoma cells, with distinct lines of 

Figure 1. UPA treatment inhibits proliferation in primary-cultured leiomyoma cells. (A) The effect of UPA on the viability of uterine leiomyoma cells was 
determined by cell counting kit-8 assay. (B) Representative images of primary-cultured leiomyoma cells treated with UPA for the indicated times, and 
quantification of their doubling‑time. (C) Representative images and quantification of edU incorporation assay in leiomyoma cells treated with different 
concentrations of UPA. data are presented as mean ± standard deviation. *P<0.05, with comparisons indicated by lines. UPA, ulipristal acetate; cTL, control.
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Figure 2. UPA treatment induces cell cycle delay via upregulation of p21 and p27. (A) mRNA expression of p21 in UPA-treated primary-cultured leiomyoma 
cells. (B) mRNA expression of p27 in UPA-treated primary-cultured leiomyoma cells. (c) Representative blot images for protein expression levels of cyclin E, 
CDK2, p21 and p27 in leiomyoma cells treated with UPA. (D) Quantification of protein expression levels derived from three different patients, and normalized 
to β‑actin. Data are presented as mean ± standard deviation (SD). *P<0.05 compared with cTL. UPA, ulipristal acetate; cdK2, cyclin-dependent kinase 2; 
cTL, control.

Figure 3. UPA treatment upregulates MMP‑2 expression. (A) mRnA expression of MMP‑2 in leiomyoma cells treated with UPA. (B) Protein expression levels 
of MMP-9 and MMP-2 in leiomyoma cells treated with UPA. (c) Representative immunohistochemistry staining of MMP-9 and MMP-2 in uterine samples 
of patients (n=4) with no UPA treatment (CTL) and with UPA treatment (UPA) prior to hysterectomy (n=3). Data are presented as mean ± standard deviation. 
*P<0.05, with comparisons indicated by lines. UPA, ulipristal acetate; MMP, matrix metalloproteinase; cTL, control.
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central and peripheral fibers, compared to the presence of thin, 
lightly stained peripheral fibers in control cells (Fig. 4).

Discussion

The present study demonstrated the anti-proliferative action 
of UPA in primary-cultured leiomyoma cells, which is in 
accordance with a previous study on other SPRMs (18). 
In addition, the present results demonstrated the possible 
underlying mechanistic action of UPA on the proliferation 
of uterine leiomyoma, via regulation of cell cycle modula-
tors p21 and p27 and via modulation of EcM remodeling 
molecules MMP-2 and MMP-9. controlled proliferation and 
differentiation of uterine leiomyoma cells are crucial in the 
development of leiomyoma (19). cyclin E/cdK2 complexes 
are responsible for the transition of the cells cycle from the g1 
to the S phase (20). p27 is an inhibitor of CDK2 that controls 
progression through the g1 phase (21). A previous study has 
reported that induction of the cdK inhibitor p21 results in the 
growth inhibition of leiomyoma cells (22). A previous study 
from our group has also previously demonstrated that expres-
sion of p27 increased in leiomyoma cells and overexpression 
of p27 stimulated apoptosis thus attenuating proliferation of 
leiomyoma cells (19).

The present data demonstrated that UPA treatment upregu-
lated the expression of p21 and p27, while it downregulated the 
expression of cyclin E and cdK2 in primary-cultured uterine 
leiomyoma cells. These findings suggest that UPA may induce 
cell cycle arrest in the g1 phase, leading to suppression of cell 
proliferation, through interrupting the transition from g1 to 
S phase.

One of the prominent features of uterine leiomyoma is 
the excessive deposition of eCM proteins (2,3). eCM exerts 
important roles beyond providing a structural scaffold in 
tissues. EcM has pivotal roles in cell proliferation, differentia-
tion, adhesion, and apoptosis via relaying signals to adjacent 
cells (23). evidence suggests that the morphologies as well as 
proliferation of leiomyoma cells varied according to different 
collagen scaffolds, implicating involvement of EcM in the 
pathophysiology of leiomyoma (17). Studies have also demon-
strated that EcM remodeling in leiomyomas is proportional to 
the expression levels of MMPs (24,25). MMPs are abundantly 
present in both myometrium and leiomyoma, of which MMP-2 
is the most abundant and implicated for remodeling of EcM 
in the growing leiomyoma (26). The present study revealed 
that the expression of MMP-2 was increased in UPA-treated 
primary-cultured leiomyoma cells and in a tissue sample of 
a patient with previous history of UPA treatment. This result 
is in agreement with a previous study reporting that a SPRM, 
asoprisnil, decreases collagen synthesis in uterine leiomyoma 
cells by upregulating MMP‑1 (13). however, the result in the 
present study is different from that previous study, in that the 
upregulated MMP by UPA is MMP-2, which is most abundant 
in leiomyoma. This result might explain the high efficacy 
of UPA in treating leiomyomas compared with that of other 
SPRM.

Actin is a major component of the cytoskeleton that regulates 
various cellular processes such as migration, morphogenesis, 
cytokinesis, endocytosis and phagocytosis (27,28). changes 
in the organization of the cytoskeleton are attributable to 

cellular morphogenesis, as well as transformation and apop-
tosis (29,30). Formation of actin stress fiber may both inhibit 
and stimulate apoptosis depending on upstream signals (31,32). 
A previous study presented that retinoic acid responsive 
thymosin β-10 accelerates apoptosis by disrupting stress 
fiber formation in fibroblasts (31). Another study reported 
that tumor necrosis factor-α stimulates apoptosis via myosin 
light chain phosphorylation-mediated induction of actin stress 
fiber formation in endothelial cells (32). The results in the 
current study revealed an increased formation of stress fibers 
in UPA-treated leiomyoma cells compared with control cells. 
Although this result is likely to suggest a pro-apoptotic role of 
stress fibers in UPA‑treated leiomyoma cells, further studies 
to determine the upstream signals and the associated regula-
tory mechanisms are required to validate the role of UPA in 
leiomyoma and to exploit the possible connection between 
formation of stress fibers and eCM constriction.

UPA, originally developed as a synthetic derivative of 
steroid 19-norprogesterone and approved in Europe for preop-
erative fibroid treatment, acts on the progesterone receptors 
in progesterone‑responsive tissues (33,34). Phase iii clinical 
trials have demonstrated the safety and efficacy of intermittent 
treatment of UPA on shrinkage of uterine fibroids (1,18,35) 
and another study also revealed that UPA had sustained effect 
on size reduction of leiomyomas for 6 months (36). however, 
evidence that supports UPA as curative medical treatment 
without surgery is lacking. In clinical settings, UPA treatment 
alone cannot provide long-term sustainable therapeutic effect 
on size reduction, nor complete removal of uterine fibroids. 
Thus, there remains a substantial unmet need for the develop-
ment of more effective medical therapies.

The present study has several limitations. First, due 
to the limited number of primary-cultured leiomyomas, 
inter-individual variabilities in the response to UPA treat-
ment have not been determined to the extent of statistical 

Figure 4. UPA treatment induces stress fiber formation. Representative images 
from immunostaining of primary-cultured leiomyoma cells for F-actin stress 
fibers. F‑actin fibers are presented in red in the images, while DAPi‑stained 
nuclei are presented in blue. UPA, ulipristal acetate; cTL, control.
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significance. Second, since leiomyoma is a benign tumor that 
grows very slowly and cannot be cultured beyond passage two, 
RT‑qPCR, western blotting and ihC data were obtained from 
different patients, thereby resulting in inter-individual vari-
ability. Lastly, the current results were obtained from in vitro 
experiments, and need to be validated in vivo. Nonetheless, 
the present study suggests that the UPA therapeutic effect 
may occur via eCM remodeling. These findings provide the 
mechanistic foundations based on which more effective thera-
peutic treatments, such as targeting EcM remodeling, could 
be developed in the future.
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