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ABSTRACT

Purpose: Progesterone has been reported to inhibit the proliferation of breast cancer and osteosar-
coma cells; however, its inhibitory mechanism has not yet been clarified. The aim of the present
study was to clarify the effects of progesterone on apoptosis in breast cancer (MCF-7) and human
osteosarcoma (MG-63) cells. Materials and methods: In this experimental study the cytotoxic effect of
progesterone was measured in MCF-7 and MG-63 cells exposed to different concentrations of proges-
terone using MTT assay, and effective concentrations were identified. The expression levels of the Bax,
P53 and Bcl-2 genes were evaluated by real-time PCR, and caspase-3, 8 and 9 activity levels were
determined using a colorimetric method. Hoechst staining and flow cytometry were used to confirm
apoptosis. The data were statistically analyzed using one-way analysis of variance (ANOVA) and in-
dependent-samples t-test. Results: Compared to the control group, we observed a significant increase in
the expression levels of the Bax and P53 genes and the activity levels of caspase-3 and 9, and a significant
decrease in the expression level of the Bcl-2 gene in MCF-7 and MG-63 treated with effective concen-
tration of progesterone. The caspase-8 activity level did not change significantly in treated MG-63 but
increased in treated MCF-7 cells. Hoechst staining and flow cytometry results confirmed apoptosis in the
cells exposed to effective concentration of progesterone. Conclusions: The cytotoxic effect of progesterone
on breast cancer and osteosarcoma cells was mediated by apoptotic pathways. In this context,
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progesterone triggers the extrinsic and intrinsic apoptotic pathways in MCF-7 cells and induces the
intrinsic apoptotic pathway in MG-63 cells.
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INTRODUCTION

Breast cancer is the most frequently diagnosed cancer and the second leading cause of cancer
deaths in women worldwide. Its prevalence is influenced by different factors including gender,
genetics, age, geography and ethnic background [1]. Among human neoplasms, primary ma-
lignant bone tumors are fairly uncommon. The most common primary bone malignancies
account for only 0.2% of all malignancies in the UK and USA [2]. Years of scientific research
have shown that female sex hormones are linked to the etiopathogenesis of breast [3] and bone
cancer [4]. The relationship between progestogens and the increased risk of breast and bone
cancers has been reported in recent studies [5].

The findings suggest that sex steroid hormones may influence the growth and prolifera-
tion of breast cancer cells either directly or indirectly [6]. A large body of experimental and
clinical data have indicated that progestogens induce the proliferation of breast cancer cells
and play a significant role in the development of breast cancer [7]. Studies have also shown
that progesterone is capable of inhibiting apoptosis in breast cancer cells by suppressing
expression of the proapoptotic proteins and upregulating expression of the antiapoptotic
proteins, which leads to the enhanced survival ability of breast cancer cells [8]. However,
there have been reports indicating that various progestogens have diverging effects on pro-
gesterone receptor expression followed by different effects on the growth of breast cancer
cells. Indeed, although several studies have demonstrated that progestogen administration
in vivo or in vitro enhances the cell growth and viability of breast cancer cells [9], several
investigations clearly show that progestogens can inhibit growth and induce apoptosis in
breast cancer cells [10, 11]. The effect of progesterone on the basal levels of apoptosis suggests
that this mechanism may also be important for normal labor at term [12]. The research data
indicate that progesterone can trigger apoptosis by upregulating proapoptotic (p-53 and BAX)
and decreasing antiapoptotic (BCL-2) gene expression in cancer cells [13]. Progesterone also
has the capability to induce the caspase cascade through extrinsic or intrinsic apoptosis in
many cancer cells [14].

Sex steroids have an important impact on bone cell growth. The importance of progesterone
in bone cell development is widely accepted [15]. Research findings suggest a crucial role for
progesterone signaling in bone acquisition to augment bone mass, which may have the potential
to reduce the burden of osteoporosis [16]. Bone loss associated with the reduction of certain sex
steroid hormones in breast cancer survivors may also represent the effects of sex hormones on
bone cells [17]. Experimental data suggest that sex steroid hormones including progesterone
induce apoptosis in rat osteosarcoma cells, which is accompanied by caspase-3 activation [18,
19]. However, progesterone may protect certain bone cells against apoptosis through its receptor
and the downstream mitochondrial pathway [20]. It has also been shown that the effects of
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progesterone on bone cell apoptosis may contribute to the mechanisms, by which progesterone
exerts its action on bone formation [15]. Although various studies have shown that progesterone
induces apoptosis in osteosarcoma cells [21], the role of the progesterone in the apoptosis of
bone cancer cells has been poorly clarified.

Regarding conflicting reports on the effect of progesterone on breast cancer cells and few
reports concerning the effects of progesterone on osteosarcoma cells, the present in vitro
study was carried out to clarify the cytotoxic and apoptotic effects of progesterone on human
breast cancer (MCF-7) and human osteosarcoma (MG-63) cells through evaluation of the
expression levels of the BAX, P53 and BCL-2 genes and the activity levels of caspase-3, 8 and
9 as well as detecting cell nuclear morphology alterations and discriminating between
apoptosis and necrosis in MCF-7 and MG-63 cell lines exposed to cytotoxic doses of pro-
gesterone.

MATERIALS AND METHODS

Progesterone

In this experimental study progesterone was obtained from the Abu Reyhan Pharmaceutical
Company (Tehran-Iran) and dissolved in DMSO, Dulbecco’s modified Eagle’s medium
(DMEM) or phosphate buffered saline (PBS) to produce different concentrations (0.001, 0.01,
0.1, 1 and 10 mg/mL).

Cell culture

MCF-7 and MG-63 cells were obtained from the National Cell Bank of Iran (Pasteur Institute,
Tehran, Iran). The cells were cultured in DMEM supplemented with 10% Fetal Bovine Serum
(FBS) and 1% antibiotics (gentamicin). Cells were then preserved in a humidified atmosphere
with 5% CO, in a 37 °C incubator. Cultured cells at 70-80% confluency were washed with PBS
and detached from the flask using trypsin-EDTA with incubation at 37 °C for 3-4 min, followed
by addition of culture medium containing 10% FBS to neutralize the excess trypsin-EDTA
activity. The cell suspension was eventually centrifuged and the cell pellet was re-suspended in
fresh culture medium to be used in the experiments.

MTT assay

The effect of progesterone on cell viability was determined with 3-(4,5-dimethylthiazol-2yl)-2,5-
biphenyl tetrazolium bromide (MTT) assay. Cells were seeded in 96-well culture plates. After
syncytialization, cells were treated with progesterone (0.001, 0.01, 0.1, 1 and 10 mg/mL) for 24 h.
MTT (DOBIO Biotech, Shanghai, China) solution (5 mg/mL) diluted in PBS was then added to
cells (100 pL) and incubated with the cells for 3 h at 37 °C in darkness. During this incubation
period, water-insoluble formazan crystals were formed and dissolved by the addition of 100 pL/
well DMSO (Sigma) (DMSO is usually well tolerated with no observable toxic effects to cells at
0.1% final concentration). The optical density (OD) of each culture well was measured at 570
nm using a microplate reader. Wells containing cells and MTT solution without progesterone
were taken as blank samples. The percentage of cell viability was calculated as [Optical density
(OD) of the sample/OD of the control] X 100 [22].
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Real time RT-PCR assay

Cancerous cells were seeded into 6-well plates (5 X 10’ cells/well) and incubated for 24 h. The
cells were then exposed to effective concentration of progesterone (2.5 mg/mL) and incubated
for an additional 24 h. Total RNA was extracted with the high purity RNA extraction kit
(Takara, Japan) according to the manufacturer’s instructions and reverse-transcribed into
cDNA. Then, real-time quantitative PCR was conducted to analyze Bax, P53, Bcl-2 and GAPDH
expression levels. The primer sequences are shown in Table 1. Each amplification reaction was
performed in a20-pL reaction mixture containing 10 PL Power SYBR Green PCR Master Mix
(2X), 1 pL of each primer (2 pM), 1 UL cDNA, and 7 pL double-distilled water. The expression
levels of genes was calculated by the 2~ **“T method and were normalized to the loading
control, GAPDH [23].

Caspase assay

The activity levels of caspase-3, 8 and 9 were detected using the ApoTarget colorimetric
protease assay kit (Abnova, Taiwan) according to the manufacturer’s instructions. MCF-7 and
MG-63 cells were treated with progesterone, while concurrently incubating a control culture
without treatment. 3 X 10° cells per sample were counted. The cells were resuspended in 50
UL of chilled cell lysis buffer, incubated on ice for 10 min, and then centrifuged for 1 min in a
microcentrifuge (10,000Xg). The supernatant (cytosol extract) was transferred to a fresh tube
and put on ice.

50 pL of 2 X reaction buffer (containing 0.5 UL DTT) was added to each sample followed by
adding 5 UL of 4 mM DEVD-pNA, 4 mM IETD-pNA, and 4 mM LEHD-pNA substrate to assay
the activity level of caspase-3, 8, and 9, respectively. The samples were incubated in the dark at
37 °C for 2 h. Samples were read in a microplate reader set at 405 nm. Fold increase in caspase-3,
8 and 9 activity was determined compared to that in untreated controls [24].

Analysis of MCF-7 and MG-63 cell nuclear morphology using Hoechst staining

Nuclear morphology was detected using Hoechst staining [25]. Progesterone-treated MCF-7 and
MG-63 cells were fixed in 80% acetone for 30 min followed by staining with Hoechst 33,342 (5
lg/mL) for 5 min at room temperature. The cells were then washed twice with PBS, examined
and immediately photographed under a fluorescence microscope (Nikon Corporation, Chiyoda-
ku, Tokyo, Japan) with excitation wavelength of 330-380 nm. Apoptotic cells were defined on
the basis of changes in nuclear morphology such as chromatin condensation and fragmentation
[26].

Flow cytometric analyses of cell death

MCE-7 and MG-63 cells (1 X 10° cells/well) were treated with effective concentration (2.5 mg/
mL) of progesterone in a 24-well plate and untreated cells were considered as negative control.
The Annexin-V-Fluos Staining Kit (Biolegend, USA) was used to discriminate between
apoptosis and necrosis in the given culture system. After treating the cells with 2.5 mg/mL of
progesterone and 42 h incubation, cells were trypsinized and washed by PBS. To resuspend cells
100 pL binding buffer was added. Upon adding binding buffer, 10 pL PI and 5 pL Annexin-
VFITC were also added to the microtube. The samples were then incubated at 25 °C for 15 min
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in a dark room. 400 [LL Annexin-V was added to each microtube and finally cellular analysis was
carried out by flow cytometry, which involves simultaneous staining with both annexin-V and
the DNA stain propidium iodide (PI). Four subpopulations of cells were discriminated: (a) PI-
negative and (FITC)-negative viable cells (PI-/FITC-) that maintain the typical asymmetry of
plasma membrane lipids; (b) PI-negative and FITC-positive early apoptotic cells (PI-/FITC+)
capable of transporting PI outside the cell; (c) PI-positive and (FITC)-positive late apoptotic or
necrotic cells (PI4+/FITC+) with loss of plasma membrane integrity; and (d) PI-positive and
FITC-negative necrotic cells (PI4+/FITC-). Cells were prepared following the manufacturer’s
protocol. Fluorescence intensity was measured by flow cytometry (FACSCalibur, BD Bio-
sciences, Franklin Lakes, NJ, USA) [27].

Statistical analysis

Statistical analysis was performed by SPSS software (version 21.0; SPSS, Chicago, IL, USA).
Differences between cell viabilities in the groups were tested using one-way analysis of vari-
ance (ANOVA) followed by Tukey’s multiple comparison post-hoc test. Independent samples
t-test was used to detect differences in gene expression and caspase activity between experi-
mental and control groups. All experiments were performed at least three times. All data are
expressed as the mean + standard deviation (S.D.). Value differences were considered sig-
nificant if <0.05.

RESULTS

Effect of progesterone on the viability of MCF-7 and MG-63 cells. Viability of MCEF-7 cells did
not significantly change when exposed to 0.001, 0.01, 0.1 and 1 mg/mL of progesterone
compared with the control group; however, exposure of MCF-7 cells to 10 mg/mL of proges-
terone resulted in a significant decrease in cell viability compared to the control and other
experimental groups. The viability of MG-63 cells significantly decreased in groups exposed to
0.1, 1 and 10 mg/mL of progesterone compared to the control group (Fig. 1). There was also a
significant difference in cell viability between the group exposed to 10 mg/mL and the groups

Table 1. Primer sequences used in real-time RT-PCR

Product Size

Gene Primer Sequences (bp)

Bax Forward: 5 -TTGCTTCAGGGTTTCATCCAG-3' 101
Reverse: 5 - AGCTTCTTGGTGGACGCATC-3'

P53 Forward: 5 - CATCTACAAGCAGTCACAGCACAT-3' 194
Reverse: 5 - CAACCTCAGGCGGCTCATAG-3'

Bcl-2 Forward: 5 - TGTGGATGACTGAGTACCTGAACC-3' 122
Reverse: 5 - CAGCCAGGAGAAATCAAACAGAG-3'

GAPDH Forward: 5 - CCCACTCCTCCACCTTTGAC-3' 75

Reverse: 5 - CATACCAGGAAATGAGCTTGACAA-3'
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Fig. 1. Viability of MCF-7 and MG-63 cells exposed to 0.001, 0.01, 0.1, 1 and 10 mg/mL of progesterone.
*and # indicate significant differences compared to control group and groups exposed to 0.001, 0.01, 0.1
and 1 mg/mL of progesterone, respectively (*: P < 0.05, **: P < 0.01, ***: P < 0.001, ###: P < 0.001)

exposed to 0.1 and 1 mg/mL of progesterone. The effective concentration of progesterone was
calculated by regression analysis.

Effect of progesterone on expression level of Bax, P53 and Bcl-2 genes in MCF-7 and MG-63
cells. Compared to the control group, the partial expression levels of the P53 and Bax genes
significantly increased in MCF-7 and MG-63 cells exposed to effective concentration (2.5 mg/
mL) of progesterone (P < 0.05, P < 0.001, respectively); however, the partial expression level of
the Bcl-2 gene significantly decreased (P < 0.001) (Fig. 2).

Effect of progesterone on caspase-3,8 and 9 activity level in MCF-7 and MG-63 cells. Com-
pared to the control group, caspase-3, 8 and 9 activity levels significantly increased in MCF-7
cells exposed to effective concentration (2.5 mg/mL) of progesterone (P < 0.001, P < 0.01 and P <
0.001, respectively). A significant increase in caspase-9 and 3 activity levels was also observed in
MG-63 cells exposed to effective concentration (2.5 mg/mL) of progesterone compared with the
control group (P < 0.001 and P < 0.01, respectively); however, the caspase 8 activity level did not
change significantly (Fig. 3).

Morphological characteristics of MCF-7 and MG-63 cells nuclei with Hoechst staining. To
further confirm apoptosis and to determine the nuclear morphology characteristics of MCF-7
and MG-63 cells, the Hoechst staining method was used. Nuclear morphology was evaluated
with membrane-permeable blue Hoechst 33,342. Nuclei of the cells appeared with regular
contours and were round and large in size in untreated (control) MCF-7 and MG-63 cells. They
were rarely seen with smaller nuclei and condensed chromatin. In contrast, most nuclei of
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Fig. 2. Partial expression levels (RQ) of P53, Bax and Bcl-2 genes in MCF-7 and MG-63 cells exposed to
effective concentration (2.5 mg/mL) of progesterone compared with control group. * represents significant
difference compared to control group (*: P < 0.05, ***: P < 0.001)
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Fig. 3. Activity levels of caspase-3, -8 and -9 in MCF-7 and MG-63 cells exposed to effective concentration
(2.5 mg/mL) of progesterone compared with control group. * represents significant difference compared to
control group (**: P < 0.01, **: P < 0.001)
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progesterone-treated MCF-7 and MG-63 cells appeared hypercondensed (brightly fluorescent)
due to chromatin being dense caused by apoptosis.

Determination of apoptosis in MCF-7 and MG-63 cells by flow cytometry. Flow cytometry was
used in our study to discriminate early apoptotic cells from late apoptotic and [1-40] necrotic
ones. In the early stages of apoptosis, phosphatidylserine (PS) is translocated from the inner side
of the plasma membrane to the outer layer. Annexin V, a calcium-dependent phospholipid-
binding protein with a high affinity for PS can therefore be used as a sensitive probe for the
exposure of PS on the cell membrane and hence as a marker of apoptosis. Figs. 4a and 5a are
representative of control MCF-7 and MG-63 cells, in which almost no apoptotic cells were
detected. However, in progesterone-treated MCF-7 and MG-63 cells (Figs. 4b and 5b, respec-
tively), a significant increase in early and late apoptotic cells and a significant decrease in live
cells were shown. As shown in Figs. 4b and 5b, analysis of the cell population showed distinct
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Fig. 4. Necrosis, early and late apoptosis in MCF-7 cell line induced by progesterone (2.5 mg/mL): QI:

Necrosis; Q2: Late Apoptosis; Q3: Early Apoptosis; Q4: Viable cells. (4.a) Control MCF-7 cells; (4.b) MCE-

7 cells treated with progesterone; (4.c) Q1, Q2, Q3 and Q4 phases in control and treated MCF-7 cells. The

analysis was done by FACSDiva Version 6.1.3. *** represent significant difference compared to control
group (P < 0.001)
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Fig. 5. Necrosis, early and late apoptosis in MG-63 cell line induced by progesterone (2.5 mg/mL):

Q1: Necrosis; Q2: Late Apoptosis; Q3: Early Apoptosis; Q4: Viable cells. (5.a) Control MG-63 cells, (5.b)

MG-63 cells treated with progesterone; (5.c) Q1, Q2, Q3 and Q4 phases in control and treated MG-63 cells.

The analysis was done by FACSDiva Version 6.1.3. * and *** represent significant difference compared to
control group (*: P < 0.05 and ***: P < 0.001)

sets in the population. The proportion of Annexin V+ and propidium iodide-negative cells was
significantly increased by the treatment of MCF-7 and MG-63 cells with effective dose (2.5 mg/
mL) of progesterone compared to the control, indicating the translocation of phosphatidyl
serine, an early event of the apoptotic process. The percentage of necrotic cell death was almost
negligible in the control and treated groups (Figs. 4c and 5c).

DISCUSSION

In vitro cytotoxicity in MCF-7 cells was evaluated by MTT assay to determine the cytotoxic
effect of progesterone. Progesterone (10 mg/mL) exposure was found to have significant cyto-
toxic effect on MCF-7 cells. In line with this finding, there are several studies showing the
cytotoxic effects of progesterone on cancer cells in vivo and in vitro. The in vitro investigation on
the antiproliferative effects of progesterone on ovarian cancer cells has revealed that the pro-
liferation of epithelial ovarian cancer cells is significantly reduced by progesterone treatment
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[28]. The inhibitory effects of progesterone on breast cancer cells have also been reported in
previous [11, 29] and recent studies [30]. A recent research indicates that progesterone inhibits
breast cancer cell invasion and migration potential [31]. By contrast, there are reports indicating
that progesterone may promote breast cancer cell proliferation. A recent study has revealed that
progesterone promotes the proliferation of breast cancer cells by inducing the expression of
cyclin G1 [9]. Progesterone enhances the proliferation and migration of tumor cells in sporadic
breast cancer by decreasing BRCA1 expression level [1]. However, the proliferative effects of
progesterone on breast cancer cells might be associated with doses lower than used in this
research.

Our findings revealed that treatment of MG-63 cells with progesterone (0.1, 1, 10 mg/mL)
reduced cell viability in vitro. Previous studies showed that bone-forming osteoblast cells are
direct targets for progesterone action [32]. It was also observed that the proliferation, migration,
invasion, colony formation and apoptosis of osteosarcoma cells are remarkably affected by sex
steroid hormones [33]. Sex steroids, particularly estrogen and progesterone have been shown to
play an important role in the regulation of cell proliferation in human osteosarcoma [21].
Progesterone promotes osteocalcin gene transcription by stimulating the expression of c-fos and
c-jun, resulting in osteoblast proliferation and differentiation [20]. Depending on their osteo-
blastic commitment, osteosarcoma cell lines respond to sex steroids [34]. In contrast to our
findings and the results of studies supporting the inhibitory effects of progesterone on the
proliferation and development of bone cells, there are reports suggesting that progesterone
signaling is not essential for bone growth and turnover [19]. It has also been shown that hor-
monal expression is practically negative in osteosarcoma of craniofacial bones [35].

We carried out real-time PCR assay for detection of the expression of the Bax, Bcl-2 and P53
genes in MCF-7 and MG-63 cells exposed to effective concentration (2.5 mg/mL) of proges-
terone. The results revealed a decrease in the expression level of the anti-apoptotic Bcl-2 and an
increase in the tumor suppressor P53 and pro-apoptotic Bax genes in both cell lines. These
results indicated that the cytotoxic effects of progesterone on MCF-7 and MG-63 cells were
mediated through Bax- and P53-dependent apoptosis. The role played by progesterone in
inducing Bax-dependent apoptosis has been reported in previous studies. Although progester-
one induces apoptosis in cervical, ovarian and breast cancer cells through Bax- or P53-
dependent pathways [19, 28], exposure of T47D human breast cancer cells to progesterone may
result in reduced P53 expression level [11]. There have also been few literature reports about the
apoptotic effects of progesterone on osteosarcoma in vivo and in vitro. In one study, researchers
found that progesterone protects osteoblasts against apoptosis through the downstream mito-
chondrial pathway [15].

To discriminate the extrinsic and intrinsic apoptotic pathway, the activity levels of the
initiator caspases-8 and -9 and the executioner caspase-3 were measured calorimetrically in
MCEF-7 and MG-63 cells exposed to effective concentration (2.5 mg/mL) of progesterone. Our
findings indicated a significant increase in activity levels of caspases-8, -9 and -3 in MCF-7 cells
and of caspase-9 and -3 - but not caspase-8 — in MG-63 cells. Regarding the involvement of
caspase-9 in the intrinsic pathway and of caspase-8 in the extrinsic apoptotic pathway, pro-
gesterone induces both the intrinsic and the extrinsic pathway in MCF-7 cells and only the
intrinsic pathway in MG-63 cells. Apoptosis in progesterone-treated MCF-7 and MG-63 cells
was also confirmed by Hoechst staining and flow cytometry. Consistent with our findings there
are reports indicating that effective concentration (2.5 mg/mL) of progesterone induces
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apoptosis in cancer cells through triggering of caspase cascade. The results of a study have
shown that progesterone induces apoptosis in ovarian cancer cells via activation of a caspase-8
pathway [36]. Caspase-8 has also been shown to be associated with breast cancer risks and the
effect may be modified by progesterone receptor status [37]. Caspase-3 expression is also
associated with adverse breast cancer-specific survival in breast cancer patients [38]. A high
expression of caspase-3 has been observed in patients with cancer surviving symptoms [39]. The
effects of progesterone on the caspase cascade in osteosarcoma cells have not been reported in
previous studies as far as we know.

CONCLUSION

In conclusion, the results of the present study suggest that progesterone has a potential to
impose cytotoxic effects on breast and osteosarcoma cells and the effect is mediated by apoptotic
pathways. In this context, progesterone triggers extrinsic and intrinsic apoptotic pathways via
increasing the expression level of the Bax and P53 genes and activating caspase-3, -8 and -9 in
MCE-7 cells; however, the hormone induces the intrinsic apoptotic pathway through enhancing
the expression level of the Bax and P53 genes and activating caspase-9 and -3 in MG-63 cells. In
a broader context, our study may provide a basis for an association between progesterone
treatment and recurrence reduction in breast and osteosarcoma cancer patients, thereby
providing a lead for modeling a randomized in vitro study.
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