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The current study was undertaken to investigate anticancer activity of coumestrol phytoestrogen against
human skin cancer. MTT assay was performed for cell viability assessment and clonogenic assay for cell
colony formation assessment. Apoptosis was analysed by Annexin V/FITC staining, AO/EB staining and
western blotting assays. Effects on the m-TOR/PI3K/AKT signalling pathway were investigated by western
blotting. Results indicated that coumestrol induced significant toxicity in human skin cancer cells in con-
trast to mouse skin cancer cells. The proliferation rate in normal skin cells remained almost intact.
Annexin V-FITC and AO/EB staining assays indicated coumestrol induced cytotoxicity in skin cancer cells
is mediated through apoptosis stimulation. The apoptosis in skin cancer cells was mediated through
caspase-activation. Cell migration and invasion was inhibited by coumestrol in human skin cancer cells
via inhibition of MMP-2 and MMP-9 expressions. Moreover, m-TOR/PI3K/AKT signalling pathway in
SKEM-5 cells was blocked by coumestrol.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In recent years, dietary compounds are involved in one of the
chemotherapeutic approaches to tackle cancer with higher efficacy
(Alice, 2002). Natural products (polyphenolic compounds in partic-
ular) have become an essential part of cancer therapy and preven-
tion as alternative medicine (Foye, 2008; Rachael et al., 1992;
Scalbert and Williamson, 2000; Le Marchand, 2002). Phytoestro-
gens belong to polyphenolic compounds and have been classified
into stilbenes (like resveratrol), coumestans (like coumestrol), lig-
nans (like enterodiol) and isoflavones (like genistein). Phytoestro-
gens show protective effects over different human ailments
including diabetes, menopausal symptoms, heart diseases, osteo-
porosis and hormone associated carcinogenesis including pros-
trate, ovaries, cervix and breast cancers. Phytoestrogens operate
through anti/pro-estrogenic collaborations with ESR1 (estrogen
receptor alpha and ESR2 (estrogen receptor beta) (Patisaul and
Jefferson, 2010). Consumption of soy and soy containing products
have been found to lower the occurrence of prostrate, gastroin-
testinal and breast cancers (Kumar et al., 2011; Koo et al., 2015;
Tse and Eslick, 2016; Lesinski et al., 2015). Coumestrol (major con-
stituent of soy) is an active member of phytoestrogens and possess
an array of biological and medicinal applications. Coumestrol has
been reported as anticancer, osteoblastic differentiation stimulant,
and neuro-protective agent (Wu et al., 2009; Canal Castro et al.,
2012; Malar et al., 2020; Vijayakumar et al., 2020). In addition to
this, it initiates senescence via protein kinase CKII activation,
which enhances the ROS (reactive oxygen species) production, in
colon and breast cancers (Lee et al., 2013). For instances, coume-
strol induces apoptotic cell death in breast cancer and supresses
the hypoxia PC3 prostate cancer via inhibition of sphingosine
kinase 1 and hypoxia inducible factor-1 (Obiorah et al., 2014;
Cho et al., 2014; Mitchell et al., 2000). Skin cancer (SC) is the most
frequent malignant distortion found predominantly in Caucasians
(D’Orazio et al., 2013). Each year approximately over one million
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cases of SC are registered globally. SC bears different subtypes dif-
ferentiated on the basis of clinical behaviour and the cells from
which the disease actually originates. Squamous cell carcinoma
and basal cell carcinoma are the most common types of SC and
together they are referred as MM (malignant melanoma) and
NMSC (non-melanocytic skin cancer) (Sim, 2015). Most of the skin
cancer cases in humans are due NMSC and its incidences are ampli-
fying yearly in Australia, United States, Canada and Europe
(Narayanan et al., 2010). The etiological factors responsible for SC
development include ionizing radiation, UV light, and exposure
to chemical carcinogens. Current treatment strategies for SC man-
agement include surgery, ‘‘basic” pharmacological therapy,
immunotherapy target therapy and chemotherapy. Lack of effec-
tive SC curbing chemopreventives and treatment strategies gener-
ates a need for novel drugs that can tackle SC with better results.
Therefore, the current study was designed to investigate anti-
skin cancer effects of naturally occurring coumestrol. Its effects
of inducing mitochondrial-mediated apoptosis, cell cycle arrest,
inhibition of cell migration and invasion and modulation of m-
TOR/PI3K/AKT signalling pathway, were examined as well.
2. Materials and methods

2.1. Cell culture and conditions

Present study involves mouse skin B16F1 cancer, human skin
SKMEL-5 cancer and normal human Detroit 551 fibroblast cell
lines, which were procured from Cancer Research Institute of Bei-
jing (Beijing, China). Procured cell lines were cultured and main-
tained in DMEM (Dulbecco’s modified Eagle’s medium)
Invitrogen Life Technologies, United States. DMEM was supple-
mented with fetal bovine serum (10%) and 100 U/ml each of strep-
tomycin and penicillin G, (Himedia, Pennsylvania, United States of
America). Afterwards, media with procured cells was placed in CO2
(5%) humidified incubator at 37 �C of temperature.

2.2. Cell viability determination

The antiproliferative efficacy of coumestrol molecule was esti-
mated through MTT (Roche, United States) assay (a colorimetric
assay). MTT gets reduced to an insoluble formazan complex in a
living cell due to the presence of succinate dehydrogenase in mito-
chondria. Cytotoxicity of coumestrol was testified against B16F1
(mouse skin cancer cell line) and SKMEL-5 (human skin cancer cell
line) cancer cell lines and normal Detroit 551 fibroblast cell
line. Briefly, all the three cell lines at a concentration of 1 � 105

cells/well were precultured in 96-well plates for 24 h. Thereafter,
each cell line was separately exposed to varying coumestrol doses
viz control, 10, 20, 40, 80 and 160 lM, for 24 h in a humidified 5%
CO2 incubator at 37 �C. After treatment, each cell line was sub-
jected to PBS washing twice followed by MTT exposure (100 ml)
with incubation for 60 min. ELISA plate reader (ELX 800; Bio-Tek
Instruments, USA) was used to record absorbance for estimation
of OD (optical density) at 490 nm.

2.3. Clonogenic assay

For clonogenic analysis, human SKMEL-5 skin cancer cells were
harvested and then numbered with a haemocytometer. 200
cells/well were seeded in each well of 6-well plate with incubation
for 24 h. These cells are left to attach so that a complete monolayer
of cells is formed. Afterwards, cells were treated with several
coumestrol doses viz control, 20, 80 AND 160 ΜM, and subjected
to additional incubation for 10 days. Thereafter, cells were washed
with PBS and colonies were fixed in methanol. Finally, cells were
2740
stained with crystal violet for about 20 min and numbered under
a light microscope.
2.4. AO/EB staining assay for apoptosis investigation

To execute AO/EB staining assay, SKMEL-5 cells were harvested
from 6-well plates at a concentration of 0.5 � 105 cells per well.
Subsequently, cultured SKMEL-5 cells were subjected to variant
coumestrol drug doses viz control, 20, 80 and 160 lM, for 24 h.
Treated SKMEL-5 cells were then fixed in formaldehyde (5%)
Thereafter, glass slides were prepared for loading of treated
SKMEL-5 cells for staining with 10 ll of AO/EB solution for
10 min. Finally, fluorescence microscope (BioTek Instruments,
Inc., Winooski, VT, USA,) was used for apoptosis analysis of coume-
strol treated SKMEL-5 cells.
2.5. Annexin V-FITC assay for apoptosis assessment

The effects of coumestrol on cell apoptosis was determined via
Annexin V-FITC assay (Sigma-Aldrich). Briefly, human skin SKMEL-
5 cancer cells were cultured in 6-well plates with each well con-
taining 2 � 106 cells. Cells were subjected to incubation for 12 h
followed by coumestrol treatment at variant doses viz control,
20, 80 and 160 lM, for 48 h. Coumestrol treated cells were trypsi-
nized and thereafter washed two times with PBS. Afterwards, tryp-
sinized cells were resuspended followed by the addition of binding
buffer (250 ll) to each well. Binding buffer bearing Annexin V-FITC
(20 ll) and propidium iodide (20 ll). Finally, cells were placed in
dark for further incubation for 30 min and finally apoptosis assess-
ment was performed through flow cytometry (BD Biosciences).
2.6. Analysing cell cycle in SKMEL-5 cells

Flow cytometric analysis was performed for determination of
cell cycle phase distribution. SKMEL-5 cancer cells were seeded
with a concentration of 2 � 105 cells/ml and subjected to precul-
turing overnight with incubation. Afterwards, medium was drawn
off and replaced by fresh DMEM carrying varying doses of coume-
strol drug viz control, 20, 80 and 160 lM. After 48 h of incubation,
treated cells and untreated controls were subjected to trypsinisa-
tion followed by cold PBS washing two times. Moreover, cells were
fixed in methanol (70%) for half an hour and then again washed in
PBS. Washed cells were then PI (propidium iodide) stained fol-
lowed by addition of 10 lg/ml RNase A for 30 min. Finally, data col-
lected from FACSCalibur flow cytometry (BD Biosciences) was
processed through Modifit 2.0 cell cycle analysis software.
2.7. Cell migration and invasion examination

The impact of coumestrol drug on cell migration and invasion
tendency of SKMEL-5 cells was analysed by transwell chamber
assay. Target cells were seeded at 1 � 104 cells per ml of density
in upper chambers of transwell containing cultural media, 10%
FBS (fetal bovine serum) and varying coumestrol doses viz control,
20, 80 and 160 lM. Polycarbonate filters with 8 lm pore size were
used to grow these cells followed by transfer of chambers to 24-
well plate and incubated for 24 h at 37 �C. Afterwards, swabbing
was done to eliminate the un-migrated cells and migrated cells
were stained with 0.5% crystal violet for about 25 min. Cells were
then washed with PBS and finally subjected to microscopic analy-
sis under a light microscope. For cell invasion analysis, similar pro-
cedure was obeyed except transwell chambers were coated with
Matrigel (Sigma Aldrich, USA).
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2.8. Western blotting analysis

For western blotting assay, SKMEL-5 cells were harvested and
then subjected to washing using ice-cold PBS twice. On ice cells
were treated with phosphate and protease inhibitor carrying RIPA
buffer for extraction of proteins. Quantification of proteins was
accomplished with BCA assay and equal amounts were separated
through electrophoresis by SDS-PAGE. Afterwards, proteins were
transferred to PVDF membranes and blocked using BCA (5%) for
1 h. Thereafter, blocked membranes were exposed to primary anti-
bodies (antibodies against Bax, Bcl-2, caspase-3, caspase-8,
caspase-9, MMP-2, MMP-9, PI3K, AKT and m-TOR (Cell Signaling
Technology, USA)) overnight at 4 �C. After primary antibody treat-
ment, membranes were washed with TBST and then subjected to
secondary antibody (HRP-conjugated) treatment with incubation
for 1 h. Finally, bands were visualised through ECL kit (enhanced
chemiluminescence kit).
Fig. 1. Coumestrol and its activity. A. Structure of Coumestrol. B. Viability of B16F1 (mou
through MTT assay after coumestrol exposure. C). Viability of normal Detroit 551 fibro
exposed to varying coumestrol doses for 24 h. Values were represented as means ± SD
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2.9. Statistical analysis

From three independent experiments data was expressed as
mean ± SEM. GraphPad Prism 5.01 (California, USA) was used to
examine significant differences and data was analyzed by ANOVA.
p < 0.05 was considered as statistically significant.
3. Results

3.1. Cytotoxicity and anti-clonogenic effects of coumestrol

Coumestrol has been shown to inhibit several humanmalignan-
cies including cancer (Fig. 1A). Therefore, its anticancer effects
against human skin SKEM-5, mouse skin B16F1 cancer cells and
normal Detroit 551 fibroblasts were investigated. All the three cell
lines were exposed to coumestrol drug for 24 h at variant concen-
se skin cancer cell line) and SKMEL-5 (human skin cancer cell line) cancer cell lines
blasts through MTT assay after coumestrol exposure. All the three cell lines were
(n = 3). *P < 0.05.
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trations (0–160 lM). Cell proliferation rates were monitored by
MTT assay. Results portrayed that the proliferation rate of these
cells was significantly supressed with a drug concentration-
reliant manner, except normal fibroblasts. The proliferation rate
in SKEM-5 cells was more susceptible to coumestrol exposure in
comparison to B16F1 cells (Fig. 1B). In case of coumestrol treat-
ment to normal fibroblasts, the proliferation rate remained almost
intact (Fig. 1C). Further investigations were carried out on human
skin cancer cells as high cytotoxicity was recorded in case of
human SKEM-5 cells. Clonogenic assay indicated that the SKEM-5
cell colonies growth was inhibited in a concentration-reliant fash-
ion after coumestrol exposure for 10 days (Fig. 2A). The number of
colonies declined from 500 to almost 50 with higher drug doses
(0–160 lM) (Fig. 2B).
3.2. Induction of apoptosis by coumestrol in SKEM-5 cells

To examine whether the coumestrol growth inhibitory effects
were apoptosis mediated in SKEM-5 cancer cells AO/EB staining
was performed. Results presented that coumestrol treatment chan-
ged the cellular morphology and apoptosis indicative changes were
observed. Fluorescence microscopy indicated nuclear fragmenta-
tion and condensation, membrane blebbing and plasma membrane
rupture. Early apoptotic, late apoptotic and necrotic cell percentage
increased with amplifying drug doses (Fig. 3A). Next, Annexin
V/FITC assay was executed for apoptosis quantification. A signifi-
cant rise in the SKEM-5 apoptotic cell percentage was observed
upto 65% (0–160 lM) (Fig. 3B,3C). The number of annexin + ve cells
also increased from almost 0% to 35% (0–160 lM). Further, the
apoptotic cell death was supported by western blotting assay.
The activity of pro-apoptotic proteins including Bax and caspases
(-3, �8 and �9) was boosted by coumestrol exposure of SKEM-5
cells. In contrast to this, anti-apoptotic (Bcl-2) protein expression
was retarded by coumestrol drug (Fig. 4). Therefore, the fact that
coumestrol induced apoptotic cell death in SKEM-5 cells was
supported by the results collectively from AO/EB staining, Annexin
V/FITC and western blotting assays.
Fig. 2. (A). SKEM-5 cells were exposed to coumestrol drug at indicate doses for 10 day
crystal violet staining. (B). Graphical representation of results from clonogenic assay afte
*P < 0.05.
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3.3. Inhibition of cell migration and invasion by coumestrol drug

Cell migration and invasion in SKEM-5 cells was studied
through transwell chambers assay. It was observed that in case
of untreated controls the number of migrated cells were seen with
no change. On application of coumestrol drug, the migration was
retarded and on higher drug doses (0–160 lM) migration was lim-
ited to minimum (Fig. 5A). The transwell chambers were coated
with Matrigel in case of cell invasion investigation. Results indi-
cated that in comparison to untreated controls, treated SKEM-5
cells showed reduced and minimum invaded number of cells
(Fig. 5B). Western blotting assay further supported the anti-
migratory effects of coumestrol as the expressions of MMP-2 and
MMP-9 (migration regulatory proteins) reduced with its applica-
tion (Fig. 5C).

3.4. Inhibition of cell cycle by coumestrol

To investigate different phases of cell cycle flow cytometry
through PI-staining was executed. It was observed that after
coumestrol exposure the number of G1-phase SKEM-5 cells ampli-
fied as compared to untreated controls (Fig. 6). The reduced num-
ber of S-phase and G2/M�phase was also accompanied with
increased G1-phase cells. Therefore signifying blocking of cell cycle
at G1 check point.

3.5. Coumestrol modulated the m-TOR/PI3K/AKT signalling pathway

m-TOR/PI3K/AKT signalling pathway is an important cell
survival regulatory mechanism. The effect of coumestrol on m-
TOR/PI3K/AKT signalling pathway in skin cancer SKEM-5 cells
was monitored with western blotting assay. The activity of
allied phosphorylated proteins (p-mTOR, p-PI3K and p-AKT) was
inhibited in a dose reliant fashion in comparison to non-
phosphorylated. In case of non-phosphorylated m-TOR, PI3K and
AKT, activity remained almost intact (Fig. 7). Thus, it was clear that
coumestrol blocked the m-TOR/PI3K/AKT signalling pathway in
SKEM-5 cells.
s. The number of cell colonies were then numbered under a light microscope with
r coumestrol exposure for 10 days. Values were represented as means ± SD (n = 3).



Fig. 3. (A). To inspect cell morphology of coumestrol treated skin cancer SKEM-5 cells, AO/EB staining assay was accomplished. Results revealed apoptotic cell morphology as
represented by arrows like necrotic, early apoptotic and late apoptotic cells. 4B). Flow cytometric investigation of coumestrol treated skin cancer SKEM-5 cells after execution
of annexin V/PI staining assay. Results representing increasing number of apoptotic cell percentage with increasing drug doses. 4C). Graphical representation of Annexin + ve
cell percentage after coumestrol exposure at indicated doses. Values were represented as means ± SD (n = 3). *P < 0.05.

Fig. 4. Results demonstrating the activity caspases (-3, �8 and �9) and pro and
anti-apoptotic proteins (Bax and Bcl-2, respectively. Values were represented as
means ± SD (n = 3). *P < 0.05.
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4. Discussion

Natural products are continuously playing a decisive role in the
field of anticancer drug discovery and a number of natural prod-
ucts are currently involved in cancer chemotherapy (Lippman
et al., 1994). Naturally occurring or semi-synthetic/synthetic com-
pounds that act as chemopreventives inhibit carcinogenesis at
advanced stage or at initiation stage of cancer. The process of car-
cinogenesis is stopped, inhibited or reversed by the application of
these chemopreventives (Shukla and Gupta, 2005; Guptam,
2007). Several in vitro and in vivo investigations regarding plant-
based compounds, like alkaloids, xanthones, terpenoids, coumar-
ins, flavonoids, anthocyanins as well as phytoestrogens, have
reported anticancer cancer behaviour against a wide range of can-
cers in experimental models. A broad spectrum of their therapeutic
targets have also been reported like cell cycle, apoptosis, angiogen-
esis and cell proliferation. Moreover, these phytochemicals target
several growth regulatory and other vital cancer cell survival path-
ways including PI3K/Akt/m-TOR pathway (Ng et al., 2011; Li et al.,
2007; Cummings et al., 2004; Wattenberg, 1996; Liu et al., 2015).
Apoptosis and cell cycle arrest are considered as potential strate-
gies to inhibit carcinogenesis by stopping the uncontrolled cell
growth. Apoptosis in particular performs as a defensive mecha-
nism that eliminates impaired or harmful cells preceding to the
appearance of malignancy. Akt/mTOR signalling is a well rated
mechanism that regulates both autophagy as well as apoptosis in



Fig. 5. (A). Transwell chambers assay featuring reduced rate of migration after coumestrol treatment to skin cancer SKEM-5 cells at indicated doses. (B). Transwell chambers
assay highlighting the condensed rate of invasion after coumestrol treatment to skin cancer SKEM-5 cells at indicated doses. (C).Western blotting revealing the activity of pro
cell migratory proteins after coumestrol exposure at indicated doses. n = 3.
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sequence or simultaneously. Against this backdrop, the current
investigated aimed to assess the anticancer effects of coumestrol
phytoestrogen against skin cancer cell lines viz B16F1 (mouse skin
cancer cell line) and SKMEL-5 (human skin cancer cell line) cancer
cell lines and normal Detroit 551 cell line. The effects of the drug
on colony formation, apoptosis, cell cycle phases, cell migration
Fig. 6. Results from flow cytometric analysis after PI staining of coumestrol treated
SKEM-5 cells. Representation of different cell populations after coumestrol expo-
sure at different check points of cell cycle. Values were represented as means ± SD
(n = 3). *P < 0.05.
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and invasion and m-TOR/PI3K/AKT signalling pathway, were also
studied. The cytotoxic effects of coumestrol were testified by
MTT colorimetric assay on B16F1 and SKMEL-5 cancer cells and
normal human Detroit 551 fibroblast skin cells (Arasu et al.,
2019; Valsalam et al., 2019; Venkatadri et al., 2020; Al-Dhabi
et al., 2020). Results displayed that coumestrol reduced viability
remarkably in human SKMEL-5 cells in comparison to mouse
B16F1 cells and the viability of Detroit 551 skin cells remained
almost intact. Further studies were carried out on human skin
SKMEL-5 cancer cells as coumestrol displayed high cytotoxicity
against them. Clonogenic assay indicated significant colony sup-
pression of SKMEL-5 cells after coumestrol drug treatment. Fur-
ther, apoptosis investigations revealed that coumestrol induced
cytotoxicity was due its apoptosis inducing potential in SKMEL-5
cells. The levels of apoptosis correlated proteins Bax and caspases,
enhanced with increased coumestrol doses (Malar et al., 2020; Al-
Ansari et al., 2020; Atif et al., 2020; Kalaiyarasi et al., 2020). Thus
caspase dependent apoptosis was observed in coumestrol treated
SKMEL-5 cells. Next, flow cytometry examination revealed that
coumestrol inhibited cell cycle at G0-phase of cell cycle. Thereafter,
effect on cell migration and cell invasion capability of skin cancer
cells was evaluated via transwell chambers assay. Results indicated
coumestrol dose relative inhibition of both cell migration and inva-
sion along with inhibition of MMP-2 and MMP-9. Finally, the m-
TOR/PI3K/AKT signalling pathway in SKMEL-5 cells was blocked
by coumestrol treatment.



Fig. 7. Protein expression of m-TOR/PI3K/AKT signalling pathway in SKMEL-5 cells
after exposure to designated doses of coumestrol drug. Individual experiments
were repeated three times.
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5. Conclusion

Collectively, the outcomes of the present study signified that
coumestrol possesses chemotherapeutic effects against growth
and progression of human skin cancer. Moreover, it induced
mitochondrial-mediated apoptosis, cell cycle arrest, inhibition of
cell migration and invasion and modulation of m-TOR/PI3K/AKT
signalling pathway. Thus, coumestrol can prove a lead drug in
curbing skin cancer provided preclinical in vivo studies are
required to identify its toxicity, pharmacokinetics and
bioavailability.
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