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Abstract

Skin is not only a target organ for various sex steroids and hormones, but also
an endocrine organ, which produces sex steroids. It has been suggested by
Nikolakis et al that impairment in skin steroidogenesis may result in inflam-
matory or autoimmune or other skin disorders. Melanoma is one such skin
disease or disorder, which is believed to be caused by UV rays. But, epidemi-
ological, clinical, in-vivo and in-vitro studies suggested the involvement of
steroids in the regulation of melanoma growth. However, these studies either
did not identify the steroid involved or did not relate to the protective func-
tion of the steroid in menstruating females in melanoma, as reported by the
clinical studies. In this context, our studies with mouse and human melanoma
cell lines showed that female sex steroid progesterone not only inhibited me-
lanoma cell growth, but also affected adhesion and migration functions. In
addition, our studies also showed that the effect of progesterone was not a
toxic or spurious, but a specific effect on melanoma cells. Hence, our in-vitro
studies along with previous other studies subscribed to the idea proposed ear-
lier by Slominski et a/. that modulation of local steroids could be a new thera-
peutic approach for treatment of skin disease or disorder, melanoma.
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1. Introduction

Skin is not only a target organ for various hormones [1], but also an endocrine
organ which produces sex steroids with intracrine and paracrine functions [2]
[3]. Skin has the biochemical apparatus to produce androgens, estrogens or glu-

cocorticoids [4]. Locally produced glucocorticoid, estrogens and androgens not
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only affect the function of epidermis, but also immune activity [5]. It has been
suggested that impairment in these steroidogenic activities can lead to inflam-
matory or autoimmune or other skin disorders such as rosacea, atopic dermati-
tis, psoriasis [5] [6]. Melanoma, is one such fatal disorder or disease of the skin
[7], which is believed to be caused by UV rays [8]. According to the Cancer So-
ciety Report, melanoma is on the rise. In 2018 alone 91,720 new cases will be di-
agnosed with an estimated 9000 deaths [9]. Several studies showed the involve-
ment of steroids in the regulation of melanoma growth. First the epidemiological
study known as SEER (Surveillance, Epidemiological, End Research program)
data [10], showed an increase in mortality rate in males than females, suggesting
a sex difference. Second, clinical studies showed that menstruating females were

better protected (delayed metastasis and increased survival) in melanoma than

post-menopausal women and men of any age [11], suggesting the involvement
of sex steroids in the protection function. But, clinical studies did not correlate
with steroids status of females. Third, previous animal studies also pointed to the
involvement of steroids in the regulation of melanoma growth [12] [13] [14].
Fourth, various in-vitro studies also showed the inhibitory effect of steroids and
other hormones on a variety of melanoma cell lines [15] [16] [17]. But, these
studies either did not identify the sex steroid involved in the protection or lacked
information on the effect of steroid on normal or on other cancer cell lines.
However, our systematic study not only checked the effect of steroids on mela-
noma cells, but also on normal cells as well as on other cancer cell lines [18] [19].
Moreover, our studies also showed the inhibitory effect of steroid on adhesion
and migration functions (essential for metastasis) of melanoma cells [20].
Hence, our in-vitro studies along with other previous studies, subscribed to the
idea proposed by Slominski et a/ [5] that modulation of steroids could be a new

therapeutic approach for melanoma treatment.

2. Experiments on Mouse Melanoma (B16F10) Cell Line [18]
2.1. Effect of Steroids on Mouse Melanoma Cell Growth

In the initial study, 3 androgens and 1 female sex steroid hormones were used to
check their effect on mouse melanoma cell growth. The three androgens were
dehydroepiandrosterone (DHEA), androstenedione (AD) and testosterone (T)
and the one female sex steroid was progesterone (P4). Each hormone was incu-
bated separately with B1I6F10 cells and the cell growth was monitored by MTT
assay. Melanoma cell growth was inhibited by all the steroids tested in a
dose-dependent manner (Figure 1). But, the decrease (87%) in cell growth was

significant with progesterone at 200 pM concentration.

2.2. Effect of Progesterone on Mouse Melanoma Cell Growth

As the initial experiment was carried out at high concentrations (100, 150 and
200 uM) of steroids, the inhibition could be due to toxic effect of the steroids. So,
a dose-response study was carried out with progesterone starting from 1 pM up
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Figure 1. Effect of various steroids on B16F10 melanoma cell growth: Three androgens,
dehydroepiandrostrone (DHEA), androstenedione (AD), testoserone (T) and one female
sex steroid progesterone (P4), were incubated separetely at 100, 150 and 200 pM concen-
trations on B16F10 cells for 48 hrs. After 48 hrs, cell growth was quantitated using MTT
assay. There was a dose-dependent decrease in cell growth with all the steroids, but the
inhibition (87%) of cell growth was significant with progesterone at 200 uM concentra-
tion.

to 200 uM. The sigmoidal dose-response curve suggested that the inhibition was
not a toxic effect, but a biological effect of progesterone on mouse melanoma
cells (Figure 2).

2.3. Effect of Related Steroids on Mouse Melanoma Cell Growth

In order to check the effect of other steroids on B16F10 cell line, dose-response
studies were carried out with related steroids such as estradiol, RU-486, DHEA
and dexamethasone. Only RU-486 showed a dose-response curve pattern similar
to that of progesterone (Figure 3). Though estradiol showed inhibition of mela-
noma cell growth, it was not as significant inhibition as that of progesterone and
RU-486.

2.4. Effect of Cholesterol on Mouse Melanoma Cell Growth

Since, a synthetic steroid (RU-486) also showed inhibition, it was decided to rule
out the possibility of spurious effect of steroid on cell growth inhibition. So,
dose-response study was carried out with cholesterol (parent compound of all
steroids). Though cholesterol initially showed a mild inhibition at 1 pM, yet it
did not show a dose-response pattern (Figure 4). It maintained almost a flat line
up to 200 pM, indicating no spurious effect was involved in the inhibition of cell

growth by progesterone and RU-486 on mouse melanoma cells.

2.5. Effect of Progesterone and RU-486 on Human Gastric Cancer
(NUGC3) Cell Line

In order to rule out a non-specific effect of progesterone and RU-486 on any
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Figure 2. Dose-dependent effect of progesterone on mouse melanoma cell growth: A
dose-response study was carried out with progesterone starting from 1 uM up to 200
uM. Cell growth was assessed as usual by MTT assay after 48 hrs of incubation with
progesterone. There was a dose-dependent decrease in cell growth suggesting the
decrease in cell growth was not due to toxic effect, but due to biological action of
progesterone.
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Figure 3. Dose-response study with RU-486: The inhibitory effect of other related
steroids such as estradiol, DHEA, dexamethasone (water soluble) and RU-486 were
checked. Only RU-486, a progesterone receptor antagonist and a synthetic steroid showed
a significant dose-dependent decrease in cell growth comparable to that of progesterone
dose-response curve on B16F10 cells [Figure 2].
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Figure 4. Dose-response study with cholesterol: This study would not only rule out
non-specific effect, but also any spurious effect of steroids. Cholesterol showed a mild
inhibition starting from 1 puM, but then remained almost a flat line up to 200 pM,
indicating there was no non-specific or spurious effect (such as requirement of any
specific functional group or steric hindrance) of steroids on mouse melanoma cell growth
inhibition.
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cancer cell line, dose-response study was carried out with progesterone and
RU-486 on human gastric cancer (NUGC3) cell line. Dose-response curves of
progesterone and RU-486 did not show any appreciable inhibition of cell growth
(Figure 5), suggesting the significant inhibition seen with mouse melanoma cell

line was a specific effect of progesterone and RU-486.

2.6. Effect of Progesterone and RU-486 on Sub-Cultured Normal
Rat Aortic Vascular Smooth Muscle Cells

So far the effect of progesterone and RU-486 were studied on transformed cell
lines, but their effects on normal cell were not known. Moreover, this would also
serve as a non-specific control. Since mouse and human cell lines were already
used, normal rat vascular smooth muscle cells were used as non-specific control
cells in this experiment. Again, progesterone and RU-486 did not show any ap-
preciable change in inhibition (Figure 6), suggesting the effect of progesterone
and RU-486 on melanoma cell line was not a non-specific effect.

2.7. Progesterone and RU-486 Co-Incubation with Mouse
Melanoma Cell Line

Since, progesterone and its receptor antagonist RU-486 separately showed inhi-
bition of mouse melanoma cell growth, it was decided to find out whether their
actions were mediated through progesterone receptor. So, a fixed concentration
of progesterone (50 uM) was co-incubated with varying concentrations of
RU-486 (50, 100 and 150 uM) on mouse melanoma cell line. If the actions were
mediated through progesterone receptor, co-incubation study should show an in-
crease in cell growth due to competition between progesterone and RU-486 for a
limited number of progesterone receptors. But, there was an additive effect on
the inhibition of cell growth with co-incubation of progesterone and RU-486
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Figure 5. Dose-response curves of progesterone and RU-486 on human gastric cancer
cell line (NUGC3): In order to answer the question whether the inhibition by
progesterone and RU-486 was a universal inhibition on any other cancer cells or was it a
specific effect on melanoma cells, dose-response study of progesterone and RU-486 were
carried out on human gastric cancer cell line (NUGC3). Dose-response curves showed
only mild inhibition with NUGC3 cell line, it was not as significant as that of
progesterone and RU-486 on B16F10 mouse melanoma cell line, indicating that the effect
of progesterone and RU-486 were specific to melanoma cell line.
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Figure 6. Dose-response curves of progesterone and RU-486 on sub-cultured normal rat
aortic vascular smooth muscle cells: Dose-response study was carried out with
sub-cultured normal rat vascular smooth muscle cells. There was a moderate inhibition,
but it was not as significant as that of the mouse melanoma cell growth inhibition. This
experiment also served as a non-specific control experiment. So, there was no
non-specific effect of progesterone and RU-486 on mouse melanoma cell line.
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Figure 7. Co-incubation of progesterone and RU-486 on mouse melanoma cells:A fixed
concentration of progesterone (50 uM) was co-incubated separately with 50, 100 and 150
UM concentrations of RU-486 for 48 hrs. After 48 hrs, cell growth was assessed by MTT
assay. Progesterone 50 uM + Ru-486 50 pM co-incubation showed a significant inhibition
of cell growth, comparable to the inhibition by RU-486 alone at 150 uM concentration.
Co-incubation experiment showed that the action was not mediated through progesterone
receptor, as co-incubation of progesterone and RU-486 would set-up competition for a
limited number of progesterone receptors and should result in an increase in cell growth.
The experiment suggested that both progesterone and RU-486 actions might be mediated
through two different mechanisms resulting in an additive effect on cell growth
inhibition.
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(Figure 7), suggesting the actions were not mediated through progesterone re-
ceptor. Moreover, the experiment also suggested the actions could be mediated

through two different mechanisms resulting in an additive effect.

3. Experiments on Human Melanoma (BLM) Cell Line [19]
[20]

3.1. Effect of Progesterone on Human Melanoma Cell Line

Since, the study with mouse melanoma cell line showed a significant inhibition
of cell growth, the study was extended to human melanoma (BLM) cell line to
check the effect of progesterone on human melanoma cell growth. So, progeste-
rone dose-response study was carried out on human melanoma cell line. There
was a dose-dependent decrease of human melanoma cell growth by progeste-
rone, comparable to that of progesterone effect on mouse melanoma cell line

(Figure 8).

3.2. Co-Incubation of Progesterone and RU-486 with Human
Melanoma Cell Line

Since, progesterone showed a significant inhibition of human melanoma cell
growth, it was decided to check whether the action was mediated through
progesterone receptor. So, co-incubation study was carried out with human me-
lanoma cell line, just like the one on mouse melanoma cell line [18]. Fixed con-
centration of progesterone (10 pM) was co-incubated with varying concentra-
tions of RU-486 (10, 50 and 100 uM). Co-incubation study showed an additive
effect on the inhibition of human melanoma cell growth (Figure 9), suggesting
the actions were not mediated through progesterone receptor. Since, co-incubation
experiment showed an additive effect, the actions of the 2 steroids could be me-

diated through two different mechanisms.
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Figure 8. Dose-response study of progesterone with human melanoma (BLM) cell line:
Progesterone ranging in concentrations from 100 nM up to 200 uM were incubated for 48

hrs with human melanoma cells. After 48 hrs, MTT assay was used to assess cell growth,
which showed a dose-dependent decrease of human melanoma cell growth.
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Figure 9. Co-incubation of progesterone and RU-486 with human melanoma (BLM) cell
line: A fixed concentration of progesterone 10 uM was co-incubated with varying
concentrations of RU-486 (10, 50 and 100 uM). Cells were co-incubated for 48 hrs. At the
end of 48 hrs, MTT assay was used to assess cell growth. Co-incubation experiment
showed an additive effect on the inhibition of cell growth, suggesting that both
progesterone and RU-486 actions were not mediated through progesterone receptor and
the actions of progesterone and RU-486 could be mediated through two different
mechanisms.

3.3. Mechanism of Inhibition of Human Melanoma Cell Growth by
Progesterone

Since, co-incubation study suggested that progesterone and RU-486 could have
inhibited melanoma cell growth through two different mechanisms, it was ne-
cessary to find out the mechanism of inhibition of cell growth by progesterone.
After having ruled out necrosis and apoptosis, it was found out that the me-
chanism of inhibition of cell growth was due to autophagy by co-incubating cells
with progesterone and 3-methyladenine (3-MA). Previous studies showed that
3-methyladenine (3-MA) was used either to check or to inhibit autophagy [21]
[22] [23]. Progesterone was co-incubated with 3-MA for 48 hrs. In cells where
3-MA was co-incubated with progesterone, there was a partial increase in cell
growth (Figure 10), suggesting there was a rescue of cell growth, as 3-MA sup-
pressed autophagosome formation in those cells. So, mechanism of inhibition of

cell growth by progesterone was due to autophagy.
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3.4. Effect of Progesterone on Adhesion and Migration Functions
of Human Melanoma Cells (20)

Previous clinical studies reported delayed metastasis and increased survival
(protection) in menstruating females in melanoma. Since, progesterone level
vary between 1000 - 1500 ng/dL in menstruating females and our in-vitro studies
showed inhibitory effect of progesterone on melanoma cell growth, it was de-
cided to check progesterone effect on adhesion and migration functions (essen-
tial for metastasis) of human melanoma cells. Effect on adhesion and migration
were checked after 48 hrs of incubation of human cells with progesterone.
Progesterone at 100 uM concentration, partially inhibited adhesion function
(Figure 11). Similarly, progesterone (50 pM) treatment significantly decreased
migration function of human melanoma cells (Figure 11). This study indi-
cated that progesterone treatment decreased adhesion and migration functions
(essential for metastasis), implying a delayed metastasis and a significant inhibi-
tion of human melanoma cell growth resulting in increased survival. So, proge-
sterone could be playing an important role (protection) in menstruating females

in melanoma.

4. Summary

Previous in-vitro studies showed the inhibitory effect of steroids on various me-
lanoma cell lines growth. But these studies either did not tie the steroid to pro-
tection function or did not rule out toxic or spurious or non-specific effect of
steroids or lacked experiments on normal or control cells. But, our studies on

mouse melanoma cell line showed not only the inhibitory effect of progesterone

Progesterone + 2mM-3-MA Co-incubation

BLM 120

(PR R AT
H By
N : )
,\.I"- \ 'qy"'c.

‘-‘T' P . o
LY O M “ .
)

g =
‘2 :Q,, " % 4 %’ .
oo ' sl
‘.O?‘l'u' ¥ &b o o
o = \
'O.“. Q02 PR 860 = PIOZ.
Ly ."‘: e :‘ 3 5o
' P B ol ° ~f=prog. +3-MA"'*
R SAGL N N4 T . .
Prog-10 pM + 3-MA 2mM
20
0

1uM 10 M 100 pM 200 uM
Prog.concentration

Figure 10. Partial rescue of human melanoma cell growth by co-incubation of
progesterone with 3-MA: After having ruled out necrosis and apoptosis, it was decided to
check autophagy. So BLM cells were co-incubated with progesterone at various
concentrations and 2 mM of 3-methyladenine for 48 hrs. Co-incubation experiment with
2 mM of 3-MA showed partial increase in cell growth at all the concentrations of
progesterone checked, suggesting there was a partial increase in cell growth by
suppression of autophagy by 3-MA.
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Figure 11. In-vitro adhesion and migration functions of human melanoma cell line:
Human melanoma cells were treated with progesterone at 100 uM for 48 hrs in petri
dish.After 48 hrs, both control and treated cells were harvested and plated at 30,000
cells/well in a 96 well plate and allowed to incubate for 60 min at 37°C. At the end of 60
min, cells were washed 3 times to remove unattached cells and the cells which were
attached to the plate were fixed with 2% para-formaldehyde and were stained with 0.2%
crystal violet (CV) dye. CV dye was eluted with isopropanol and read at 570 nm in a plate
reader. For migration assay, control and progesterone (50 puM) treated cells were
harvested after 48 hrs of treatment. Cells were plated in a 24 well plate and allowed to
become confluent. A scratch was made at the bottom of the plate with a pipet tip. This
was considered as 0 time. After 24 hrs, percentage of cells migrated into the cleared space
was calculated with a software program. Adhesion experiment showed partial inhibition
in adhesion in treated cells compared to the control cells. Similarly, progesterone treated
cells showed a significant decrease in migration in treated cells compared to the control
cells.

on mouse melanoma cell growth, but also showed the action was not toxic or
spurious or non-specific action of steroid on melanoma cell line. In addition,
mouse cell line study also showed that progesterone action was not mediated
through progesterone receptor. When the study was extended to human mela-
noma cell line, progesterone showed inhibition of human melanoma cell growth
also and it was found out that the mechanism of inhibition of cell growth was
due to autophagy. Again, experiment showed that progesterone action was not
mediated through progesterone receptor in human melanoma cell line. A study
by Fang et al [24] showed inhibition of two melanoma [A375, A875] cell lines
growth by both progesterone and RU-486 and again the actions were not me-
diated through progesterone receptor. Moroni et al. [25] used the same cell lines
and showed that progesterone inhibited cell growth by using concentrations up
to 1000 uM. Earlier Kanda and Watanbe [26] showed inhibition on another hu-
man melanoma cell line by progesterone along with other steroids (estradiol and
dihydrotestoterone). Preceding studies and our own studies with progesterone
suggested that melanoma cell growth was amenable to steroids action and sub-
scribed to the idea already proposed [5] that modulation of local steroids could

be a way to control melanoma cell growth.
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5. Conclusion

Since, our studies and studies by others showed that progesterone (a female sex
steroid) played a major role in melanoma cell growth, adhesion and migration
functions, progesterone could be the sex steroid protecting menstruating females
(whose progesterone level vary between 1000 - 1500 ng/dL) in melanoma. On
the same token progesterone level in post-menopausal women vary between 20 -
100 ng/dL and so they were not protected in melanoma, as per the clinical study
[11]. Hence, melanoma cell growth was amenable to steroid hormones action.
This finding about progesterone and its ability to protect menstruating females
in melanoma, suggested that modulation of local steroids can be a new thera-

peutic approach for melanoma treatment [5].
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