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Abstract: Epidemiological data suggest there is a female sex advantage in melanoma skin cancer. Female sex 
hormones have been attributed to this protection. There has been no experimental evidence to link female sex 
hormones directly with melanoma protection until our recently published work on mouse melanoma (B16F10) cells. 
Our recently published work showed that progesterone significantly inhibited mouse melanoma cell growth in vitro. 
This study was extended to human melanoma (BLM) cells. Research work revealed that progesterone inhibited 
human melanoma cell growth also in vitro. The mechanism of inhibition was due to autophagy and this effect of 
progesterone was not mediated through progesterone receptor. 
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Introduction

Melanoma is a dangerous form of skin cancer 
[4]. It is the only common cancer that has 
shown a gender difference in outcome. Epi- 
demiological data indicate a female sex advan-
tage in malignant melanoma. For years doctors 
have known that the overall survival outcomes 
for women with malignant melanoma were 
superior to the outcomes for men [5-8]. Data 
obtained from National Cancer Data Base 
(NCDB) of more than 23,000 melanoma 
patients were used to examine patterns of 
long-term survival by patient gender and age, 
stage of disease, disease morphology and ana-
tomic sub-site. Data suggested a role for hor-
mones in the improved survival of young women 
with melanoma [9]. The overall survival out- 
come for young women (45 years of age and 
under) was far superior to older women (55 
years of age and older) and men of any age 
group [9]. One study, which analyzed survival 
data in 6383 patients, demonstrated a 22% 
survival advantage and 17% 5 year disease-
free interval advantage for females [10]. In 
another 22 epidemiological studies, all but four 
studies female patients were found to have a 

significant survival advantage over males [10]. 
In fact, women survived longer than men after 
the development of stage III disease. There 
were instances of melanoma diagnosed in pre-
menopausal women metastasizing many years 
later in the post-menopausal period possibly 
due to the loss of some protective effect exist-
ing in the younger patient [10]. It has been pos- 
tulated that female hormones may exert a pro-
tective effect against melanoma metastases 
[10]. Since the databases were not designed 
with respect to patient sex steroid status, no 
correlation with sex steroid hormones could be 
made in these studies. Most of the evidences 
linking sex and cutaneous melanoma are epide-
miological in nature. Direct experimental evi-
dence is lacking.

Endocrinologically, the major difference be- 
tween male and female is in the sex steroid hor-
mones [11]. In fact, the difference between pre- 
menopausal and post-menopausal women is in 
the concentration of estrogen and progester-
one in the blood [11]. These two hormones 
could be playing a role in offering protection to 
the young menstruating female. Literature 
search for the role of estrogen in melanoma 
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revealed that most of the research on sex hor-
mone therapy in melanoma was concerned 
with anti-neoplastic, anti-estrogen receptor 
drug tamoxifen (TAM) [9]. Studies have demon- 
strated negative results. A recent study which 
used monoclonal antibodies to detect high-
affinity estrogen receptor (ER) failed to show 
receptors in wide range of melanocytic prolif-
erations [9]. Moreover, in vitro dose-curve study 
of estrogen with human melanoma (BLM) cells 
did not show any inhibition (data not shown) in 
our hand. So, we turned our attention to pro-
gesterone and the question whether progester-
one could offer protection to young females. 
Literature survey showed that information 
available on the role of progesterone in mela-
noma is inconclusive [12-14]. Moreover, Pro- 
gesterone binding has been reported using bio-
chemical assays [15], but the presence of pro- 
gesterone receptors have not been confirmed 
by immunohiostochemical studies [16]. Since 
there is a gap in the information relating to the 
role of progesterone on melanoma growth, we 
decided to fill this gap by using human melano-
ma cell line and progesterone. At this junction, 
it is appropriate to point out our recently pub-
lished work on mouse melanoma cell line 
B16F10 [1, 2], which showed that progesterone 
significantly inhibited mouse melanoma cell 
growth in vitro. So, we extended our study to 
include human melanoma cells [3] to deter- 
mine if there was a direct effect of progester-
one on human melanoma cell growth. 

Materials and methods

Progesterone, estrogen, RU-486, were all ob- 
tained from Sigma Chemical Company, St. 
Louis, MO. MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide), DAPI (4’-6 
diamidino-2-phenylindole), trypan blue, isopro-
panol, spermidine, 3-methyladenine, and aga-
rose were also obtained from Sigma Chemical 
Company. Caspase-3 assay kit (EnzChek cas-
pase-3 assay kit #1) was purchased from 
Molecular Probes, Eugene, Oregon. Fetal bo- 
vine serum (FBS), Trypsin-EDTA (1X), and PBS 
powder were purchased from Atlanta Biological, 
Lawrenceville, GA. RPMI and antibiotic/antimy-
cotic solution 100X (10,000 I.U/ml penicillin, 
10 mg/ml streptomycin, 25 μg/ml amphoteri-
cin B) were purchased from Fisher scientific, 
Houston, TX. SLT Spectra plate reader was 
used for quantitation of MTT assay. 

Cell line

Human melanoma cell line BLM was obtained 
from a colleague (Dr. James L. Cox) in the de- 
partment.

Growth medium (GM)

All cell culture works were carried out in RPMI 
1640 medium containing 10% FBS +1X Pen/
Strep/Ampho.

Preparation of steroid hormones, MTT and 
DAPI solutions

Initially, 10 mM stock solutions of steroid hor-
mones in ethanol were prepared. One mM 
working stock solution was made by diluting 
one part of alcohol stock with nine parts of GM. 
Different concentrations of hormones were 
made from 1 mM working stock by serial dilu-
tion. MTT stock solution was made by dissolv-
ing 5 mg in one ml of PBS. DAPI at 5 mg/ml 
stock solution was made and was diluted 
1:1000 in PBS before the experiment.

Cell growth assay

MTT proliferation assay [17] was used to quan- 
titate cell growth in treated (progesterone) and 
in untreated (control) samples. In addition, 
microscopic pictures of cells treated with differ-
ent concentrations of progesterone were taken 
to document hormonal effects on cell growth.

MTT proliferation assay

BLM cells were suspended in growth medium 
(GM) and plated at a density of 1 × 104 cells/ 
well in a 96 well plate. Cells were left overnight 
at 37°C to attach to the plate. Following day 
growth medium was replaced by GM containing 
hormones at different concentrations and incu-
bated for 48 hrs. After 48 hrs medium was 
replaced by 100 μl of 1 in 10 diluted (in GM) 
MTT solution and incubated for another 4 hrs 
at 37°C. After 4 hrs MTT solution was removed. 
MTT was reduced by metabolically viable cells 
to a colored (purple) water insoluble formazan 
salt. The purple color precipitate was solubi-
lized by adding 100 μl of isopropanol and shak-
en for 20-30 min at room temperature. Intensity 
of resultant purple color was measured at 570 
nm in a SLT spectra plate reader. 

Trypan blue staining [18]

Trypan blue is a dye that does not interact with 
cell unless the cell membrane is damaged. 
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Healthy, undamaged cells exclude the dye, but 
it is readily absorbed by damaged cells and ren-
ders them clearly visible under microscope. 
After 48 hrs of incubation of BLM cells with hor-
mone or hormone +3-MA, 100 ul of 0.4% try-
pan blue in PBS was added to the chamber 
slide containing 1 × 104 cells and incubated for 
5 min at room temperature. Cells were washed 
with PBS to remove excess trypan blue dye and 
were then examined under a microscope. Only 
dead cells would take up the dye and appear as 
darkly stained cells under the microscope. 

DAPI staining [19]

DAPI is a blue fluorescent DNA probe. DAPI 
stains nucleus specifically with little or no cyto-
plasmic labeling. After 48 hrs. of incubation of 
BLM cells with hormone or hormone +3-MA, 
cells in the chamber slide were fixed with 2% 
paraformaldehyde for 20 min. Cells were then 
washed with PBS to remove paraformaldehyde. 
One hundred ul of 1 in 1000 diluted DAPI solu-
tion was added to the cells and they were incu-
bated in the dark for 5 min. Excess DAPI was 
removed by washing with PBS and was viewed 
under bright and fluorescent light microscope.

Agarose gel electrophoresis [20]

1.2% agarose gel was made by mixing agarose 
in 1X TAE buffer. After cooling the solution, 
ethidium bromide was added to the solution 
and poured into the gel apparatus. Forty micro-
gram of DNA was loaded on the well and ran at 
100 volts till the bromophenol dye moved ¾ of 
the gel. The gel was photographed under UV 
light. 

Caspase-3 assay

Caspase-3 (CPP-32, Apoptain, Yama, SCA-1) is 
a critical executioner of apoptosis, as it is either 
partially or totally responsible for the proteolyt-
ic cleavage of many key proteins, such as the 
nuclear enzyme poly (ADP-ribose) polymerase 
(PARP) [21]. Assays were carried out as per the 
manufacturer’s protocol. Briefly, cells (25000 
cell/well) were lysed with lysis buffer. Two times 
(2X) reaction buffer was added, followed by 2X 
substrate working solution was added. The 
plate was covered and incubated at room tem-
perature for 30 min. The plate was read at an 
excitation wavelength of 340 nM and an emis-
sion wavelength of 440 nM.

Experiments

Initially dose response curve was carried out 
with progesterone starting from 100 nM to 200 
μM. After dose-curve, time course assays were 
carried out by using MTT assays at the end of 
12, 24, 48 and 72 hours of incubation with pro-
gesterone to determine the optimal incubation 
time with progesterone. Following time-course 
study, the mechanism of inhibition of cell 
growth was determined. First, for necrosis 
staining with trypan blue dye was carried out to 
find the number of dead cells in both progester-
one treated and untreated control cells. For 
apoptosis DAPI staining was carried out to 
check for change in the shape of nucleus. In 
addition agarose gel electrophoresis was car-
ried out with DNA harvested from control and 
progesterone treated cells to check for DNA 
ladder formation. Caspase-3 assay was carried 
out to check whether there was an increase in 
the effector caspase activity. Finally for autoph-
agy, co-incubation of progesterone with 3-meth-
yladenine (3-MA) was carried out to check if 
there was suppression of autophagy and res-
cue of cell growth. In order to check the mecha-
nism of progesterone action, bioassays involv-
ing co-incubation of progesterone with RU-486 
and pretreatment of cells with RU-486 followed 
by progesterone treatment were carried out. 

Statistical analysis

All experimental points were carried out in trip-
licate (3 wells). Average of all the three values 
was taken as mean and standard error was cal-
culated. Each experimental point was ex- 
pressed as Mean ± SEM. Each experiment was 
repeated a minimum of two times to check for 
consistency in results. Significance between 
any two experimental conditions was decided 
using Student’s ‘t’ test. Unpaired t-test was 
used to determine the P value and a P value of 
0.05 or less was considered significant.

Results

Dose and time course curves of progesterone 
with human melanoma (BLM) cells

Initially dose curve study was carried out with 
progesterone starting from 100 nM to 200 μM 
to find out progesterone’s effect on human mel-
anoma (BLM) cell growth. There was a dose-
dependent (sigmoidal) inhibition of human mel-
anoma cell growth (Figure 1A). The dose-
response curve was similar to the dose-res- 
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Figure 1. Dose and Time course studies with progesterone. A. To check the effect of progesterone on human mela-
noma (BLM) cell growth, dose-response study was carried out starting from a concentration of 100 nM to 200 μM. 
There was a sigmoidal dose response curve, indicating it was a genuine biological action. B. In order to find out the 
optimal time for incubation of BLM cells with progesterone to produce maximum inhibition, dose response curves 
were carried out at 12, 24, 48 and 72 hours. Dose response curves at 48 and 72 hrs. Yielded similar pattern of 
growth. So, it was decided to incubate BLM cells with progesterone for 48 hrs.

ponse curve of mouse melanoma cell growth 
[2]. Secondly, to optimize the length of incuba-
tion time to effect significant inhibition of cell 
growth, dose-curves were carried out at 12, 24, 

48 and 72 hrs. time points (Figure 1B). The 
dose-response curves of 48 and 72 hrs were 
very close, so we decided to incubate melano-
ma cells with progesterone for 48 hrs.

Figure 2. Mechanism of cell death-Necrosis. To find out whether the cell death was caused by necrosis, cells treated 
with progesterone were stained with equal volume of 0.4% trypan blue dye and were examined under a microscope. 
There was no significant difference in the number of stained cells between control and progesterone treated cells, 
indicating necrosis was not the cause of cell death.
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Figure 3. Mechanism of cell death-Apoptosis. In order to check whether the mechanism of cell death was due to 
apoptosis, cells after incubation with progesterone for 48 hrs. were subjected to DAPI staining, DNA analysis by aga-
rose gel electrophoresis, and caspase-3 assay. (A and B) DAPI staining of the nucleus: As blebbing of the nucleus 
and chromatin condensation take place in apoptosis, DAPI staining of the nucleus was done to check for change in 
the shape of nucleus. DAPI staining did not show any change in the shape of the nuclei between control and proges-
terone treated cells. The cells were examined under bright light (A) and fluorescent light (B) microscope. (C) Agarose 
gel electrophoresis: In apoptotic cells, DNA breaks into smaller pieces. So analysis of DNA would give rise to DNA 
ladder formation. DNA was harvested from control and progesterone treated cells after 48 hrs. incubation. Forty 
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micrograms of DNA was loaded in each lane and was analyzed by agarose gel (1.2%) electrophoresis. There was no 
DNA ladder formation in progesterone treated cells, indicating apoptosis was not the mechanism of cell death. (D) 
Caspase-3 assay: One important step in apoptosis is the activation of effector caspase, caspase-3. Caspase-3 activ-
ity was measured using a commercially available kit. There was no significant difference in caspase-3 activity be-
tween control and progesterone treated cells. Again indicating that apoptosis was not the mechanism of cell death.

Mechanism of cell growth inhibition

There was a significant decrease in melanoma 
cell growth with increasing concentration of 
progesterone. There were also cells floating in 
the medium. So, cell growth inhibition was due 
to apparent cell death. Hence, we decided to 
investigate the mechanism of cell death. 

Necrosis

Cell death by necrosis occurs when the cell 
membrane is ruptured. Necrosis is a process of 
cellular lysis with a corresponding release of 
cytoplasmic components into the surrounding 
tissue. Trypan blue dye exclusion test was used 
to check if necrosis had occurred after proges-
terone treatment. Trypan blue dye could get 
into the cell and stain the dead cell. Viable cells 
would exclude trypan blue from inside. Trypan 
blue staining did not show any significant 
increase in the number of dead cells between 
control and progesterone treated cells (Figure 
2), indicating necrosis was not the mechanism 
by which cell growth was inhibited.

Apoptosis

Apoptosis, also known as programed cell death 
proceeds systematically. Chromatin condensa-
tion followed by change in nuclear shape takes 
place. So DAPI was used to stain the nucleus to 
check for change in nuclear shape.

A and B-DAPI staining: DAPI staining did not 
show any change in the shape of nuclei between 
control and progesterone treated cells, as 
viewed by bright (Figure 3A) and fluorescent 
(Figure 3B) light microscope.

C-Agarose gel electrophoresis: As a follow-up 
study after DAPI staining, DNA was harvested 
from control and progesterone (10, 50 and 100 
μM) treated BLM cells and was analyzed by 
agarose gel electrophoresis. Ethidium bromide 
stained gel did not show any DNA ladder forma-
tion (Figure 3C), indicating apoptosis was not 
the mechanism of cell death. 

D-Caspase-3 assay: Effector caspase-3 which 
brings about cleavage of proteins would be 

increased in apoptosis. So caspase-3 assay 
was carried out to determine if the activity of 
the enzyme was increased. Assay of caspase-3 
activity did not show any significant increase 
between control and progesterone (50 μM) 
treated cells (Figure 3D), again indicating apop-
tosis was not the mechanism of cell death.

Autophagy

Having ruled out necrosis and apoptosis, finally 
autophagy as the mechanism of cell death was 
checked by using 3-methyladenine (3-MA). 
3-MA appears to act specifically on autopha-
gic/lysosomal pathway of degradation. 3-MA 
has been used in several studies to suppress 
autophagy [22, 23] in the cell.

A-Control autophagy and 3-MA rescue experi-
ment: It has been shown that 3-MA rescued 
cells from autophagy [22, 23]. So trial experi- 
ment with spermidine, which induced autopha-
gy [24, 25] was set up. Spermidine at 100 μM 
decreased BLM cell growth to 30% compared 
to untreated control (100%). Addition of 1 mM 
of 3-MA along with spermidine to cells, rescued 
cell growth partially to 60% (P value was 0.02) 
(Figure 4A).

B-Standardization of 3-MA concentration to be 
used: In order to optimize the concentration of 
3-MA which would rescue maximum cell growth, 
3-MA at 1, 2 and 4 mM concentrations were 
added along with spermidine (100 μM) to 
control cells. Though, the rescue of cell growth 
(73.5%) was better with 4 mM concentration of 
3-MA, it also inhibited control cell growth 
(80.9%). But, 3-MA at 2 mM concentration did 
not have any effect on control cell growth 
(100%) and was able to rescue cell growth to 
65% (P value was 0.001) in spermidine treated 
cells (Figure 4B). 

C-Standardization of 3-MA concentration with 
progesterone treated cells: After standardizing 
the concentration of 3-MA on control cells, 
standardization of 3-MA with progesterone 
(100 μM) treated cells were carried out. Again 
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Figure 4. Mechanism of cell death-Autophagy: Finally autophagy as the cause of cell death was checked by co-
incubating progesterone with 3-methyladenine (3-MA). 3-MA has been shown to suppress autophagic/lysosomal 
degradation of cellular proteins. 3-MA would suppress autophagy in cell and would rescue the cell growth. (A) Con-
trol autophagic experiment: In the control experiment, spermidine (100 μM) was used to induce autophagy in BLM 
cells and 3-MA (1 mM) was used to suppress autophagy. Spermidine decreased BLM cell growth to 30%. However, 
when 3-MA was added to the cell, it suppressed autophagic degradation and partially rescued cell growth to 60% 
(P value 0.02). (B) Trial experiments to determine the optimal concentration of 3-MA to be used: In order to check 
the optimal concentration of 3-MA to be used, 3-MA at 1, 2 and 4 mM were added to spermindine treated cells 
separately along with controls. 3-MA at 2 mM concentration showed maximum rescue in cell growth (65%, P=0.001) 
without causing any effect on the growth of control cells. (C) Also in the trial experiment, progesterone (100 μM) was 
co-incubated with 1, 2 and 4 mM concentrations of 3-MA separately and 3-MA at 2 mM showed maximum rescue of 
cell growth (45% with a P value of 0.050). It was decided to use 2 mM of 3-MA in subsequent experiments. (D) 3-MA 
rescue experiments: 2 mM of 3-MA was co-incubated with different concentrations of progesterone (1, 10, 100 and 
200 μM). Addition of 2 mM of 3-MA was able to partially rescue cell growth at all concentrations of progesterone 
treated cells, compared to progesterone alone treated cells.

3-MA at 2 mM concentration showed maximum 
rescue of progesterone treated cell growth 
(45%) with a P value of 0.05 (Figure 4C). 

D-3-MA rescue of progesterone treated cells: 
Having found out that 2 mM of 3-MA was able 
to rescue cell growth, cells were incubated with 
different concentrations (1, 10, 100, 200 μM) 
of progesterone or progesterone plus 2 mM of 
3-MA. There were partial rescue of cell growth 
at all concentrations of progesterone used 
(Figure 4D), indicating that the mechanism of 
cell death was due to autophagy.

Mechanism of progesterone action

Since progesterone is a steroid hormone, it is 
natural to expect a steroid hormone to act 
through steroid receptor. Hence, whether pro-
gesterone effect was mediated through proges-
terone receptor was a relevant question here. 
The following two bioassays were carried out to 
address that question.

5A-Progesterone and RU-486 coincubation: In 
this bioassay, progesterone was co-incubated 
with its receptor antagonist RU-486 to block 
the binding of progesterone to its receptors in 
BLM cells. A fixed concentration of progester-
one (50 μM) was incubated with varying con-
centrations of RU-486 (10, 50 and 100 μM). If 
the inhibition was mediated through progester-
one receptor, there would be a competition 
between progesterone and its receptor antago-
nist RU-486 for the limited number of proges-
terone receptors in cells. In this process they 
would nullify the effect of one another, allowing 
cells to grow instead of inhibiting cell growth. 
But, there was a synergistic effect on cell 
growth inhibition when progesterone and 
RU-486 were co-incubated (Figure 5A). This 

synergistic effect could be possible only if pro-
gesterone and RU-486 acted through different 
mechanism and not through progesterone re- 
ceptor.

5B-Preincubation with RU-486, followed by 
progesterone treatment: Yet another way to 
check the involvement of progesterone recep-
tor was to incubate BLM cells initially with the 
receptor antagonist RU-486 (1 μM) and then 
followed by progesterone. RU-486 would bind 
to progesterone receptor and block subse-
quent binding of progesterone to the receptor, 
thereby blocking the action of progesterone. 
However the dose response curve of RU-486 
pretreated cells followed by progesterone treat-
ment was similar to the dose-response curve of 
straight progesterone treated cells (Figure 5B). 
This experiment indicated that progesterone 
receptor was not involved in the inhibition of 
melanoma cell growth.

Discussion

Epidemiological data indicate there is a female 
sex advantage in the outcome of melanoma 
skin cancer. Also, NCI SEER (Surveillance 
Epidemiology and End Results program) mela-
noma fact sheet shows difference between 
male and female in the incidence of melanoma 
(http://seer.cancer.gov/statfacts/html/melan.
html). The incidence rate in men is 26.7 per 
100,000 compared to females where it is 16.7 
per 100,000. Life time risk for males is 0.96, 
whereas for females it is 0.57. The risk is cut 
roughly by half for females. Similarly the mortal-
ity rate for male is 4.0 per 100,000, whereas 
for females it is 1.7 per 100,000. Again, the 
mortality rate is roughly cut into half in females. 
Female sex hormones have been attributed to 



Progesterone effect on human melanoma cells

3950 Int J Clin Exp Med 2014;7(11):3941-3953



Progesterone effect on human melanoma cells

3951 Int J Clin Exp Med 2014;7(11):3941-3953

this protection. However, there has been no 
direct experimental evidence to link female sex 
hormones with melanoma protection. Our 
recent work with mouse melanoma cell line 
(B16F10) indicated that female sex hormone 
progesterone inhibited mouse melanoma cell 
growth in vitro significantly [2]. It has also been 
shown in this study that this effect was not a 
toxic, spurious or non-specific action of proges-
terone on melanoma cell growth and this action 
of progesterone was not mediated through pro-
gesterone receptor [2]. This study was extend- 
ed to human melanoma cells to check if the 
same effect occurred upon progesterone treat-
ment. A dose dependent inhibition (sigmoidal 
response curve) of human melanoma cell 
growth was observed with progesterone. Time-
course study with progesterone revealed that 
48 and 72 hours of incubation yielded similar 
pattern. So we decided to stick with 48 hrs. of 
incubation in all experiments with progester-
one. As there were lot of cells floating in the 
medium after progesterone addition, it was 
apparent that progesterone decreased cell 
growth by causing cell death. Hence, the mech-
anism of cell death was also investigated in this 
study. Cell death by necrosis was ruled out by 
trypan blue dye exclusion test as there was no 
significant difference in the number of necrotic 
cells between untreated and progesterone 
treated cells. Apoptosis was also ruled out by 
DAPI nuclear staining. DAPI nuclear staining did 
not reveal any change in the shape of nuclei 
between untreated and progesterone treated 
cells. DNA harvested from control and proges-
terone treated cells did not show any DNA lad-
der formation when analyzed by agarose gel 
electrophoresis. Also effector caspase, cas-

pase-3 assay did not show any significant 
increase between treated and untreated cells. 
In view of these results apoptosis as the mech-
anism of cell death was also ruled out. Finally, 
autophagy as the cause of cell death was deter-
mined by co-incubating BLM cells with proges-
terone and 3-methyladenine (3-MA). The effect 
of 3-MA in rescuing cells from autophagy has 
been well documented [22, 23] and 3-MA has 
been used in these studies to determine 
autophagy. Hence, the well-established 3-MA 
rescue experiment was used in this study to 
determine autophagic mechanism of cell death. 
Initially, in the trial experiment autophagy was 
induced in BLM cells by incubating with 100 μM 
of spermidine. Spermidine is known to induce 
autophagy in cells [24, 25]. There was a partial 
rescue in cell growth when 3-MA 1 mM was 
added to the cells, which was shown both quali-
tatively by microscopic pictures and quantita-
tively by MTT growth assay. Optimal concentra-
tion of 3-MA to be used along with progester-
one was determined by carrying out trial experi-
ments with 1 mM, 2 mM and 4 mM concentra-
tions of 3-MA. Having found out that 2 mM of 
3-MA rescued cell growth in the treated cells, 
we carried out growth assays with various con-
centrations of progesterone ranging from 1 μM 
to 200 μM. There were partial rescue of cell 
growth at all concentrations of progesterone 
used, thus indicating that the mechanism of 
cell death was autophagy. Moreover, by deduc-
tive logic also, one would arrive at the same 
conclusion after having ruled out necrosis and 
apoptosis as the mechanism of cell death. 
Autophagy was the only other major mecha-
nism responsible for cell death. The next obvi-
ous question was whether the effect of proges-

Figure 5. Mechanism of progesterone action: Since, progesterone induced autophagy, it was imperative to find out 
whether the action of progesterone was mediated through progesterone receptor. Bioassays were used to determine 
the involvement of progesterone receptor in mediating this action of progesterone. (A) Progesterone and RU-486 co-
incubation: Ru-486 is a progesterone receptor antagonist. Co-incubation of fixed concentration of progesterone (10 
μM) with varying concentrations of RU-486 (10, 50 and 100 μM) should set up a competition between progesterone 
and its receptor antagonist RU-486 resulting in an increase in cell growth, but not a decrease in cell growth. How-
ever, co-incubation experiment showed a synergistic effect between progesterone and RU-486 in decreasing the 
cell growth. This could be possible if progesterone and RU-486 were not acting through progesterone receptor but 
instead through a different mechanism. (B) Ru-486 pretreatment followed by progesterone treatment: Yet another 
way to find out if progesterone action was mediated through its receptor was to pre-incubate BLM cells with RU-486 
(1 μM) so that progesterone receptors were blocked. After 2 to 3 hrs. cells were washed and incubated with pro-
gesterone at different concentrations to check its effect on cell growth. If the action of progesterone were mediated 
through progesterone receptor, progesterone could not bind to its receptors because they were blocked by RU-486. 
So progesterone could not exert its effect on cell growth, resulting in an increase in cell growth. However, in the 
experiment RU-486 pretreatment did not change the dose-response curve from the straight progesterone treated 
BLM cells dose curve, indicating that the effect of progesterone was not mediated through progesterone receptor.
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terone was mediated through progesterone 
receptor. Progesterone and its receptor antago-
nist RU-486 co-incubation experiment suggest-
ed that the effect of progesterone was not 
mediated through progesterone receptor as 
there was a synergistic effect on the inhibition 
of melanoma cell growth. This could be possi-
ble only if progesterone and RU-486 acted 
through different mechanisms and not through 
progesterone receptor. Similarly pre-incubation 
of cells with RU-486 followed by treatment with 
progesterone did not show any change in dose 
curve from the regular progesterone treated 
dose-curve pattern. Again suggesting that pro-
gesterone action was not mediated through its 
receptor. This type of non-receptor mediated 
action of progesterone has been reported in 
human neuroblastoma growth inhibition [26]. 

Hence, in conclusion, progesterone inhibited 
human melanoma (BLM) cell growth in vitro by 
inducing autophagy and this effect of proges-
terone was not mediated through progesterone 
receptor. Autophagy as a mechanism to regu-
late cell growth by steroid hormone has been 
reported in prostate cancer also [27].
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