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Abstract

Purpose Anti-cancer and anti-migration effects of lupeol as a biological pentacyclic triterpenoid were investigated individu-
ally and in combination with Doxorubicin (DOX) on MCF-7 and MDA-MB-231 breast cancer cells and human foreskin
fibroblasts.

Methods To uncover the anticancer effect of lupeol and the impact of its combination with DOX, cell viability and scratch
assays and dual acridine-orange apoptotic staining were performed. Moreover, the expression of proapoptotic caspase-3 and
metastasis-related MMP-9 at the mRNA and protein levels was analyzed using qPCR and western blot techniques.

Results Lupeol synergistically increased the anti-proliferative effect of DOX with IC50 values of 42.55, 62.24 and 65.9 pM
on MCF-7, MDA-MB-231 and HFF cells, respectively. Lupeol reduced the cell migration and lowered the DOX-induced
cell migration, significantly (p <0.05). The number of apoptotic cells elevated significantly (p < 0.05) when cancer cells
were treated with the combination of lupeol and DOX. Lupeol individually and in combination with DOX up-regulated the
expression of caspase-3. The proposed combination therapy synergized (3—4 fold) the down-regulation of MMP-9 expres-
sion in MCF-7 and MDA-MB-231 cells.

Conclusion Our results indicate that lupeol could be considered as an anticancer agent and anticancer adjuvant in breast
cancer-therapy. The anticancer properties of lupeol attribute to its antiproliferative, antimigrative and apoptotic effects.

Keywords Apoptosis - Breast Cancer - Cell proliferation - Cell migration - Combination therapy - Gene expression

Introduction disease based on the existing of different receptors includ-
ing: estrogen, progesterone and human epidermal growth

Cancer is one of the deadliest diseases in the world and has  factor receptor-2 (ERBB2; formerly Her-2). There are clas-

the second place after cardiovascular diseases in case of
mortality. The incidence of cancer among other diseases is
very high as on 2018 it has been estimated a total number of
18.1 million new cases and 9.5 million deaths from cancer
worldwide. Distribution of cancer type in females showed
that 24.2% of new cases belongs to breast cancer with 15%
mortality [1]. Breast cancer is known as a heterogeneous
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sically 3 major subtypes of breast cancer: luminal type: ER
and/or PR positive and Her-2 negative (70% of patients),
Her-2 positive (15%-20%), and triple-negative (lack of all
3 known molecular markers in tumors; 15%) [2].
Doxorubicin (DOX) as a chemotherapeutic agent is
considered one of the most active chemical substance
against breast cancer. DOX acts at cellular level by inter-
calation between two nitric bases of double DNA helix,
interfering in the mitochondria enzymes function, pro-
duction of free radicals, cell membrane lipid peroxida-
tion and apoptosis induction [3]. Based on the clinical
investigations it has been proven that in spite of potential
anticancer capacity, DOX produces severe side effects
including irreversible cardiomyopathy and liver toxicity
[4]. To reduce the toxicity and chemoresistance of DOX,
the combination therapy model could be an effective
approach. Previous studies for instance showed that the
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combination of diltiazem and DOX increased the DOX
cytotoxicity against MCF-7 cells and also reduced the
multi drug resistance [5].

Lupeol as a dietary triterpene is found in a variety of
fruits and in several medicinal plants. Lupeol has been
used for the treatment of some disorders all around the
world [6-8]. It’s relatively low toxicity and valuable
pharmacological effects such as anti-hepatic toxicity,
anti-renal toxicity, anti-heart diseases, anti-diabetes, anti-
inflammation and anti-arthritis made this molecule much
important than ever [9-11]. Recently, extensive studies
performed to show the lupeol’s cancer chemo-preventive
potential against various cancers like prostate cancer,
pancreatic cancer [12], skin cancer [13], hepatocellular
carcinoma [14], epidermoid carcinoma [15] and mela-
noma [16]. The most documented molecular mechanisms
of lupeol as an anticancer agent include: decrease of cell
proliferation, inhibition of cell migration and induc-
tion of apoptosis. Moreover, other mechanisms such as
androgen receptors inhibition and chemosensetization of
tumor cells by lupeol have been also reported [17]. Dur-
ing the last decades co-administration of herbal medi-
cines with chemical anticancer agents was to reduce the
cancer symptoms and also to control the adverse effects
of anticancer agents. This combination therapy would be
medically useful when the combination outcome resulted
in a remarkable synergistic effect against cancer. Syn-
ergistic approach in the cancer therapy can reduce the
dose of anticancer chemicals and consequently their
toxic effects. Previous studies reported the synergistic
effects of quercetin with vincristine in the treatment of
breast cancer, quercetin with tamoxifen in the treatment
of prostate cancer and quercetin with doxorubicin in the
treatment of leukemia in mice. The synergistic effects of
quercetin with anticancer drugs were due to its capacity
to inhibit the cell proliferation, regulate the angiogenesis
and/or increase the antioxidant power of cancerous cases
[18]. The synergistic antitumor effects of lupeol with
S14161 (a PI3K inhibitor) on the inhibition of HCC tumor
growth in in vivo model and potentiation of y-radiation
induced cell apoptosis in the HCC cell line SMMC-7721
have recently been demonstrated [19, 20].

Therefore, the aim of this study was to highlight the
anti-proliferation, anti-migration and apoptotic effects
of lupeol on two distinctive types of breast cancer cells
(MCF-7 as receptor positive and MDA-MB-231 as triple
negative cells) and also to highlight whether the combi-
nation of lupeol with DOX could be able to reduce the
concentration of DOX and enhance its cytotoxicity against
breast cancer cells. In addition of antiproliferative capacity
of mono- and combination-therapy, the effects of proposed
compounds in combination form on cancer cell migration
and apoptosis induction were also examined.
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Materials and methods
Chemicals

Lupeol (LPL, L5632) and doxorubicin (DOX, D1515)
were purchased from Sigma-Aldrich (Germany). Both
compounds were dissolved in DMSO and a 10 mg/ml pri-
mary stock solution was prepared and remained at —20 °C.
MTT [3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenyltetrazo-
lium Bromide], PBS (Phosphate Buffered Saline) buffer,
were purchased from Sigma-Aldrich and all the other
chemicals and solutions were obtained from Merck (Ger-
many). TRIzol reagent was purchased from Invitrogen, life
technologies (Nieuwerkerk, The Netherlands).

Cell culture

Human breast cancer cell lines (MCF-7 and MDA-
MB-231) and Human foreskin fibroblasts (HFF), were
obtained from Iranian Biological Resource Center (Teh-
ran, Iran). The cells were cultured in DMEM medium
(Biowest, France), supplemented with 10% fetal bovine
serum (Biowest, France) and 1% penicillin - streptomycin
(Biowest, France). Cells were grown at 37 °C and humid
incubator with 5% CO, atmosphere. The reason for includ-
ing two different types of breast cancer cells in this study
is to highlight the possible influence of their different
receptor content (MCF-7 cells as positive for estrogen,
progesterone and androgen receptors and MDA-MB-231
cells are known as triple negative breast cancer cells,
which are lacking the estrogen and progesterone recep-
tors) on susceptibility and/or resistance of them against
the test compounds.

Cell viability assessment

The cells with 80-90% confluency were sub-cultured and
seeded in 96-well plates (1x 10% cells/well). After 24 h,
the old medium was discarded and the cells were treated
with fresh medium containing various concentrations of
Lupeol (LPL: 25, 50 and 100 pM), Doxorubicin (DOX:
0.1, 0.5 and 1 pM), and the combination of LPL (50 pM)
and DOX (0.25 pM) for 24 and 48 h. The control cells
received the same concentration of DMSO as treated cells.
The given concentrations were selected according to previ-
ous reports and corresponding to drug level in biological
fluids after in vivo administration [21, 22]. Following the
treatment times, cell viability was assessed by MTT assay
at 570 nm using a microplate reader (Bio Tek Instruments,
EPOCH2TC, Inc. Highland Park, Winooski, VT, USA).
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Cell viability was expressed as percentage of non-treated
controls as follows:

(OD of treated cells/OD of control cells) x 100

Scratch assay

The cells (MCF-7, MD-MBA-230 and HFF) were seeded in
6-well plate (1x 10 cells/well) and after 24 h with accept-
able confluency indicating a monolayer (~ 80 to 90% con-
fluency), scratches were made down on each well using a
sterile sampler tip as described previously. Thereafter, the
detached cells were removed with PBS and immediately the
cells were treated with the effective concentrations of Lupeol
(100 pM), DOX (0.5 pM), combination of LPL and DOX
(50 pM +0.25 pM) and/or control (medium containing the
equal amount of test compounds solvent). Photographs of
the scratches were taken at marked positions after 0 and
24 h. The scratch distances were quantified using ImageJ
software [23].

Dual Acridin orange/ Ethidium bromide staining

MCEF-7 and MD-MBA-230 cells were treated with different
concentrations of LPL and DOX alone or in combination as
stated in previous section. After exposure time (24 h), the
old medium was removed and the cells were washed with
PBS. Dual AO/EB staining was performed to demonstrate
the induction of apoptosis in treated and non-treated cells.
This method of staining is used to identify any changes of
cell membranes during the process of apoptosis by using a
fluorescent microscope (Nikon, TC-C-TC, 510563, Japan)
[24]. Live cells will appear completely green, while apop-
totic cells will incorporate ethidium bromide and therefore
stain orange. Intensity of green and orange colors was quan-
tified by using Image J/Ver:4, IHC plugin/THC Toolbox.

Real-time PCR

The breast cancer cells were treated as mentioned in previ-
ous sections for 24 h and thereafter, total RNA was iso-
lated using the TRIZOL method [25]. RNA concentrations

were determined spectrophotometrically, and RNA purity
was measured by NanoDrop 2000 (Thermo Scientific,
Waltham, MA, USA) as A260/A280 ratio with expected
values between 1.8 and 2. Subsequently, cDNA was syn-
thesized in a 20 pl reaction mixture containing 1 pg RNA,
oligo(dT) primer (1 pl), 5 X reaction buffer (4 pl), RNAse
inhibitor (1 pl), 10 mM dNTP mix (2 pl) and M-MuLV
Reverse Transcriptase (1 pl) according to the manufacturer’s
protocol (Fermentas, GmbH, Germany). The cycling proto-
col was 5 min at 65 °C, followed by 60 min at 42 °C, and
5 min at 70 °C.

The produced cDNA was diluted with nuclease-free water
(1:9) before QRT-PCR analysis. The qPCR reaction mixture,
containing 10 pl of the diluted cDNA mixed with 12.5 pl
SYBER Green PCR master mix (BioFACT Co., Ltd. Dae-
jeon, Republic of Korea), forward and reverse primers (final
concentration of 300 nM for each primer), and nuclease free
water, was prepared according to manufacturer’s instructions
(Cinagene Co. Tehran, Iran). gPCR was performed using
the 1Q5 multicolor real-time PCR detection system (Bio-
Rad Laboratories). PCR cycle parameters were as follows:
general denaturation at 95 °C for 3 min, 1 cycle, followed by
40 cycles of 95 °C for 20 s, annealing temperature (AT) for
30 s, and elongation at 72 °C for 30 s. Forward and reverse
primers for Caspase-3, MMP-9 and p-actin (Table 1) were
designed by using NCBI primer-BLAST and were manufac-
tured commercially (Cinnagene Co. Tehran, Iran). Specific-
ity and efficiency of primers were confirmed by qRT-PCR
analysis and dilution series of pooled cDNA at a temperature
gradient (55 °C to 65 °C) for primer-annealing and subse-
quent melting curve analysis. Glyceraldehydes 3-phosphate
dehydrogenase (GAPDH) and B-actin were tested as ref-
erence genes and the GeNorm software (version 3.5) was
used to identify the most stable reference genes. The mRNA
quantity was calculated relative to the expression of pf-actin
reference gene.

Western blotting for the caspase-3 and MMP-9
expression

MCEF-7 and MD-MBA-230 cells were treated with various
concentrations of test compounds (LPL and DOX) alone
or in combination for 24 h. After 24 h treatment period,

Table 1 Nucleotide sequence

. Target Gene Primer Sequence (5'-3") Accession number AT (°C)
and annealing temperature for
used primers in gPCR Cacpase-3 FWD: AGAACTGGACTGTGGCATTGAG NC_000004.12 59
REV: GCTTGTCGGCATACTGTTTCAG
MMP-9 FWD: GATGCGTGGAGAGTCGAAA NC_000020.11 59
REV: TAGGTGATGTTGTGGTGGTG
p-actin FWD: CTTCTACAATGAGCTGCGTG NC_000007.14 50

REV: CATGAGGTAGTCAGTCAGG
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total protein concentrations were determined by a BCA pro-
tein assay kit (Thermo Fisher Scientific, MA, USA). Equal
amounts of protein from boiled samples (20 pg) were sepa-
rated by electrophoresis (Criterion TM Gel, 4-20% Tris-
HCL, Bio-Rad Laboratories Inc. USA) and electro-trans-
ferred onto polyvinylidene difluoride membranes by using
Turbo Trans-Blot Transfer Pack (Bio-Rad LaboratoriesInc.
USA). The membrane then was blocked with Tris-buffered
saline (TBS) containing 0.05% Tween-20 (TBST) supple-
mented with 5% bovine serum albumin (BSA) for 1 h. The
membrane was incubated overnight at 4 °C with monoclo-
nal antibodies against caspase-3 (1:1000), MMP-9 (1: 500)
or B-actin (1:1000) (Santa Cruz, Dallas, Texas, USA). The
membrane then was washed with TBST and incubated with
horseradish peroxidase-conjugated secondary antibodies
(1:5000, Dako, Glostrup, Denmark) for 2 h at room tempera-
ture. Ultimately, the blot was washed in TBST and incubated
with ECL prime western blotting detection reagent (Amer-
sham Biosciences, Roosendaal, The Netherlands). Digital
images were taken with the Chemi Doc TMMP imager (Bio-
Rad Laboratories Inc. USA). Signal intensity was quantified
using the Image J 1.52 software and the expression of differ-
ent proteins was normalized with p-actin and expressed as
mean fold change in relation to the control group.

Statistical analyses

For statistical analyses, mean and standard deviation of the
measured parameters were calculated. The results were ana-
lyzed using Graph Pad Prism software (Version 8.02. Graph
Pad Software Inc. San Diego, California, USA). The com-
parisons between groups were made by analysis of variance
(ANOVA) followed by Bonferroni post-hoc test. A P value
less than 0.05 was considered significant.

Results

Effects of LPL, DOX and LPL plus DOX on cell viability

All three cell lines including breast cancer cells and fibro-
blasts were treated with test compounds at various concen-
trations for 24 and 48 h and cell viability was assessed by
MTT assay. Both compounds showed a time- and concen-
tration-dependent antiproliferative effect on cancerous cells
and normal fibroblasts. The results revealed that MCF-7
cells were significantly (p < 0.05) more sensitive than MDA-
MB-231 cells to antiproliferative effects of LPL and DOX.
Both compounds at all tested concentrations reduced the cell
viability of fibroblasts in a concentration-dependent fash-
ion. In both breast cancer cells, the antiproliferative effect of
DOX was synergized by LPL. when administered in combi-
nation form (Fig. 1A to C). Lupeol’s anti-proliferative effect
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Fig. 1 Effects of Lupeol, Doxorubicin and their combination on
cell viability of MCF-7 cells (A), MDA-MB-231 cells (B) and HFF
cells (C). Asterisks are representing significant difference (p<0.05)
between the corresponding control and treated cells and # is indicat-
ing a significant difference between the cells that received the com-
bination of LPL and DOX and/or each single compound at all tested
concentrations

was documented with calculated IC50 values of 42.55, 62.24
and 65.9 pM on MCF-7, MDA-MB-231 and HFF cells,
respectively. While DOX after 48 h treatment period was not
able to reach the IC50 in MDA-MB-231 cells, in MCF-7 and
HFF cells however resulted in a remarkable cytotoxicity with
IC50 values of 0.32 and 0.43 pM, respectively. Since, fol-
lowing 24 h treatment time, in both cancerous cell lines, the
given concentrations resulted in a significant cytotoxicity,
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hence all further experiments were performed for 24 h and
based on the closest values to the estimated IC50 values.

LPL plus DOX reduced the migration of breast
cancer cells

Results of scratch assay on MCF-7, MDA-MB-231 and HFF
cells showed that despite of the control group, which after
24 h scratch edges have been significantly closed to each
other, in other test groups; firstly, the density of cells has
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Fig.2 Lupeol in mono- and combination therapy reduced the migra-
tion of: A) MCF-7, B) MDA-MB-231 and C) HFF cells; Phase con-
trast images were taken immediately after scratch (0 h) and 24 h after
treatment (24 h) and scratch distances were expressed as % of initial
values (D, E and F). Asterisks are representing significant difference

been reduced remarkably and secondly the distance between
two edges of scratch widened, when compared with the cor-
responding control groups. Those cells that received LPL
alone or LPL in combination with DOX, showed the widest
distance between edges of experimentally-induced scratch
in all three tested cell lines after 24 h (Fig. 2A, B and C).
LPL at 100 pM concentration in both cancerous cell lines
reduced the cell migration stronger than DOX (0.5 pM),
while in HFF cells we failed to find any statistical difference
between LPL and DOX treated cells. The scratch distance
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is indicating a significant difference between the cells that received
the combination of LPL and DOX and/or each single compound.
Scale bare represents 200 pm
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in each group was expressed as % of initial values (Fig. 2D,
E and F).

Lupeol increased the number of apoptotic cells

The mechanism of LPL-induced cytotoxicity was clarified
by using a combined AO/EB staining method. The percent-
age of green and/or orange stained cells under fluorescent
microscope reveals the rate of normal and apoptotic cells,
respectively (Fig. 3A and B). The intensity of each color as
indicator of cell condition was quantified by using a com-
puter-based program of densitometry. The results showed
that LPL and DOX in monotherapy regimen increased sig-
nificantly (p <0.05) the number of apoptotic cells in both cell
lines when compared with the control cells. Interestingly,
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Fig.3 Lupeol increased the number of Apoptotic cells in MCF-7
cells (A) and MDA-MB-231 cells (B); the cells were treated with
test chemicals for 24 h and thereafter were stained with AO/EB. The
test compounds-induced changes in the intensity of stained cells were
measured using a computer-based program (Image J/Ver: 4, IHC

densitometric analyses revealed that LPL was able to poten-
tiate significantly (p <0.05) the apoptotic effects of DOX
only in MCF-7 cells. (Fig. 3C and D).

Lupeol sinergized the DOX-induced up-regulation
of caspase-3 and downregulated the expression
of MMP-9 in breast cancer cells

The mRNA expression of Caspase-3 and MMP-9 in the
control and treated cells were analyzed using quantita-
tive PCR. Results revealed that LPL, DOX and LPL plus
DOX up-regulated 3—4 fold the expression of caspase-3
in MCF-7 and 4-5 fold in MDA-MB-231 cells. Although
the combination of LPL plus DOX resulted in an upregu-
lation of caspase-3 in both cell lines, there was however,
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plugin/IHC Toolbox) and illustrated as corresponding densitometry
results (C and D). Asterisks are representing a significant difference
between the control and treated cells and # is demonstrating a sig-
nificant difference between mono-therapy and combination therapy
(p<0.05). Scale bare represents 300 pm
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Fig.4 Effects of LPL and DOX on the expression of Caspase-3 and
MMP-9 at mRNA level in: A and B: MCF-7 and C and D: MDA-
MB-231 cells; asterisks are representing a significant difference

no statistical differences between mon- and the combi-
nation therapy forms (Fig. 4A and C). The expression
of MMP-9 in MCF-7 cells following the LPL treatment
was downregulated, while DOX at 0.5 pM concentra-
tion showed a non-significant (p > 0.05) up-regulation
of MMP-9 in MCF-7 cells. We found that the combina-
tion of LPL plus DOX resulted in a significant down-
regulation of MMP-9 in MCF-7 cells. The expression
of MMP-9 in MDA-MB-231 cells showed that LPL and
LPL plus DOX resulted in a significant downregulation of
MMP-9 (p <0.05), while DOX at the given concentration
(0.5 uM) was not able to alter the expression of MMP-9
significantly (p > 0.05) at mRNA level (Fig. 4B and D).
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between the control and treated cells and # is demonstrating a sig-
nificant difference between mono-therapy and combination therapy
(p<0.05)

Effect of Lupeol on the expression of apoptotic
and metastatic proteins (Caspase-3 and MMP-9)

The expression of caspase-3 and MMP-9 at protein level
was analyzed using western blotting technique. The protein
expression profile of the proposed proteins was clearly con-
firmed the mRNA expression (Fig. SA and B). The highest
up-regulation of cleaved caspase-3 protein was observed in
the breast cancer cells, which were treated with the combi-
nation of LPL (50 pM) and DOX (0.25 pM). LPL individu-
ally increased the expression of cleaved caspase-3 slightly
and significantly (p <0.05). There was a significant differ-
ence between two studied cell lines in terms of the effect of
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DOX on cleaved caspase-3 protein expression and we found
that DOX up-regulated the expression of cleaved caspase-3
in MCF-7 cells more than MDA-MB-231 cells (Fig. 5C).
LPL and LPL plus DOX down-regulated the expression
of MMP-9 protein in both breast cancer cells significantly
(p<0.05). DOX reduced the expression of MMP-9 in both
cells very slightly in mono-therapy model (Fig. 5D).

Discussion
Breast cancer is metastatic, aggressive and resistance to

chemotherapy with high mortality rate between women.
Due to such an invasive behavior and much importantly its
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(D); Asterisks are representing a significant difference between the
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ence between mono-therapy and combination therapy (p <0.05)

resistance to existing chemotherapeutic agents, discovering
new anticancer agents or improving the existing protocols
are required. Most of the studies to highlight the effective-
ness and molecular mechanism(s) of new agents or currently
used chemicals are taking place on cell culture models,
which representing those cells with the same receptors in
tumor form. The current study clarified the anticancer effects
of LPL on receptor positive and negative models of breast
cancer cells and confirmed the anticancer effects of DOX as
currently used chemotherapeutic agent. Much importantly
any beneficial interaction from combination therapy of LPL
with DOX, was evaluated. Results of this study showed that
LPL alone exerts cytotoxic effects on both breast cancer
cells. The anti-migration and apoptotic effects of LPL were
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demonstrated by means of scratch assay and apoptotic stain-
ing method of Ao/EtB, respectively. Both aforementioned
findings were confirmed with up-regulation of caspase-3 and
down-regulation of MMP-9 proteins and encoding genes in
breast cancer cells. Lupeol synergized remarkably the cyto-
toxicity, anti-migration and apoptotic effects of DOX and
clearly showed that the combination of lower concentrations
of DOX and LPL produce high cytotoxicity, powerful anti-
migration property and potent apoptotic effects on breast
cancer cells and in particular on MCF-7 cells as those are
hormonal receptor positive. Of course the cytotoxicity of
LPL and DOX on non-cancerous human foreskin fibroblasts
also was examined. Both compounds with various IC50 val-
ues showed cytotoxicity on HFF cells, too.

DOX as an anthracycline is administered for the treatment
of many tumors including breast cancers. It acts via various
pathways including intercalation between bases of double
DNA helix, inhibition of mitochondrial enzymes and cell
respiration, lipid peroxidation in particular in cell membrane
lipids, free radicals generation and DNA damage, impair of
helicase activity and apoptosis induction [3]. Our findings
also confirmed some of previously reported mechanisms as
its cytotoxicity was demonstrated on breast cancer cells via
interfering on mitochondrial enzymes, which reflected in
MTT colorimetric assay. Comparing two cell lines viability
after exposing against DOX showed that MCF-7 cells were
more sensitive than MDA-MB- 23 1cells, which may related
to different receptor content of two cell lines.

Further experiments demonstrated that DOX in mono-
therapy form and at 0.5 pM concentration slightly prevented
the cell migration in all three tested cell lines. Cell migra-
tion in cancer cells is a complex event that is counted as
primary step of metastases, which most of the chemothera-
peutic agents supposed to prevent or reduce this capabil-
ity of cancer cells. There are studies reporting that DOX
at rather lower concentrations promoted the breast cancer
cells migration and invasion [19]. Other recent studies also
supporting our findings that DOX at nono-molar concentra-
tions and in monotherapy regimen not only did not prevent
from cell migration but also acted as a promoter of breast
cancer cells migration [26]. Degradation of extracellular
matrix (ECM) is one of essential steps in the migration of
cancer cells and overall in the metastasis, which mediated
by proteolytic enzymes and in particular by matrix metal-
loproteinases (MMPs). Among the others, oncogenes and
tumor promoters are playing crucial role in the expres-
sion of MMPs. It has been documented that the expression
of MMPs and their secretion is elevated in many type of
cancers [27]. To explain the possible molecular pathway
behind the migration of cancer cells in the current study, the
molecular analyses were performed to highlight the expres-
sion changes in the mRNA and protein levels of MMP-9 in
both cell lines. Our findings demonstrated that DOX was
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not able to change the expression of MMP-9 in the tested
cancer cells, although it’s non-significant up-regulation on
MMP-9 was recorded in MCF-7 cells. These findings con-
firmed our previous findings regarding the effect of DOX on
cell migration as both cell lines showed markedly migration
under DOX monotherapy.

Another important factor, which this study focused on
was the cytotoxicity of test compounds in monotherapy and
combination therapy forms on breast cancer cells. DOX
showed that at all three used concentrations was able to
reduce significantly the cell viability of tested cells. To find
the molecular mechanism(s) of cell death due to exposure to
test compounds, two apoptotic hallmarks were examined and
our findings showed that in both cell lines DOX remarkably
increased the number of apoptotic cells in special apoptosis
staining and up-regulated significantly the expression of cas-
pase-3 as one of the key factors in the regulation of apoptotic
death in cells. It is noteworthy that there are increasing num-
ber of evidence demonstrating the expression of caspase-3
in both MCF-7 and MDA-MB-231 cells and its activation
during apoptosis due to apoptotic signals [28, 29].

The major goal of this study was to investigate about the
anticancer effect of LPL on two distinct model of breast
cancer cells in terms of their receptor expression profile.
We hypothesized if this phytosteroline (LPL) exerted an
anticancer effect, what would be its effect on the combi-
nation therapy with DOX. Our results showed that LPL
treatment resulted in a remarkable reduction of cell viabil-
ity in all tested cell lines. Based on calculated IC50 values,
MCEF-7 cells were found to be the sensitive cells followed
by MDA-MB-231 cells and ultimately HFF cells. To explain
this finding, it is noteworthy that anti-androgenic effect of
LPL has been previously documented (7). At the same time
the androgen receptor-related proliferative effects via the
mitogen-activated protein kinase in breast cancer cells also
reported [30]. Therefore, cross-talk between AR and ER,
where their transduction signaling can affect each other,
will be resulted in cell proliferation and in turn inhibition of
AR by LPL might explain the observed remarkable differ-
ences between the ER-positive (MCF-7) and triple negative
(MDA-MB-231) breast cancer cells [31]. This finding is sup-
ported by previous reports where it has been demonstrated
that AR inhibition resulted in a marked decline in estradiol-
induced proliferation in multiple ER+/AR+ breast cancer
cell lines [32].

Although LPL cell viability assay showed that it is not
absolutely selective anticancer against the tested breast
cancer cells, the higher IC50 value for HFF cells however
is suggesting higher susceptibility of cancer cells to LPL.
Our findings are in agreement with previous reports as it
has been shown that LPL with IC50 value of 80 pM dem-
onstrated an anticancer effect on MCF-7 cells [33]. There
are several mechanisms of action for LPL cytotoxic effects
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including its capability in inhibition of topoisomerase II,
inhibition of lyase activity of DNA polymerase f, inhibi-
tion of farnesyltransferase, inhibition of angiogenesis and
eventually induction of apoptosis [15]. The mentioned
cytotoxic effect of LPL was further confirmed with its anti-
metastatic and apoptotic effects on breast cancer cells. Previ-
ously published reports are supporting our finding regard-
ing anti-migration effect of LPL in breast cancer cells, but
also in lung and colorectal cancer cells [34]. Wang (2016)
reported that LPL was able to prevent from MDA-MB-231
cells migration through down-regulation of COX-1I, MMP-2
and MMP-9 proteins [35]. Our gene and protein expression
analyses confirmed the previous report as we demonstrated
that in both MCF-7 and MDA-MB-231 cell lines, LPL
down-regulated the expression of MMP-9 at mRNA and
protein levels. Other mechanisms of anti-migration effect
of LPL were described in human umbilical vein endothelial
cells (HUVECs) and human lung cancer cells, which LPL by
downregulation of TNF-a and subsequently suppression of
VEGF signaling in HUVEC cells and suppression of Wnt-
f-Catenin in colorectal cancer cells inhibited cell migration,
respectively [36, 37].

Our apoptotic studies showed that LPL at 100 pM con-
centration increased the number of apoptotic cells in acridin
orange and ethidium bromide staining and also markedly up
regulated the expression of caspase-3 in both breast cancer
cell lines. These findings confirmed our cell viability assess-
ment and highlighted its molecular mechanism as caspase-3
dependent apoptosis behind LPL anticancer effect. The
apoptosis induction by LPL in human epidermal carcinoma
A431 cells was attributed to the up regulation of caspase
3, caspase 9, Bax and Apaf-1 and downregulation of Bcl-2
mediated through mitochondria [15]. The results of cur-
rent study indicate that LPL in monotherapy form could be
considered as a potential chemotherapeutic agent in breast
cancer therapy.

Although as novelty of the current study, the anti-migra-
tion and apoptotic potential of LPL alone on breast cancer
cells has been uncovered, nevertheless the most important
findings could be the final outcome of LPL combination
therapy with DOX as a currently used chemotherapeutic
agent. LPL increased the antiproliferative effect of DOX on
breast cancer cells as at half concentrations of LPL plus
DOX, we observed a significantly higher antiproliferative
effect. LPL also improved the other anticancer effects of
DOX by increasing the number of apoptotic cells, upregula-
tion of caspase-3 and downregulation of MMP-9 in breast
cancer cells.

Combination chemotherapy is a useful strategy to
decrease the side effects and increase the therapeutic effec-
tiveness. This strategy decreases the side effects by reducing
the dose and may also help to reduce the drug resistance.
DOX despite having life threatening side effects such as

cardiotoxicity, bone marrow suppression, immune suppres-
sion and nephrotoxicity is commonly used as one of the most
effective anticancer agent [38]. The results of current study
indicate that the combination of LPL and DOX resulted
in both concentration reduction and higher effectiveness
on breast cancer cells. Indeed the proposed combination
therapy with low concentrations could result in rather less
toxic effects of DOX on non-cancerous cells, too. There are
increasing number of studies, reporting an improvement of
DOX anti-cancer efficacy when it has been used in combina-
tion therapy regimens. A synergistic effect of: DOX and cis-
platin against breast cancer cell lines, DOX and docetaxel on
prostate cancer cell migration, DOX and curcumin against
A549 cells, DOX and paclitaxel on breast and hepatocarci-
noma cancers, DOX and quercetin against liver cancer and
DOX and lovastatin on melanoma have been documented
[39—-42]. One of the important drawbacks for DOX in can-
cer therapy is its cell migration induction property, which
our proposed combination therapy was able to reduce this
property, as well. Previous reports indicated that furanodiene
reduced the DOX-induced cell migration in MDA-MB-231
metastatic breast cancer cells [43]. The combination of hes-
peridin with DOX also resulted in a significant reduction of
MCF-7HER-2 positive cell migration [44].

This study could be further completed as the receptors
(estrogen, progesterone and androgen receptors) expression
at mRNA and protein levels under monotherapy and com-
bination therapy is studied. Moreover, pharmacokinetic and
toxicokinetic studies on LPL and analyses of any interac-
tions between LPL and DOX (drug —drug interactions) will
make the LPL effectiveness much reliable as required.

Conclusions

This study in addition of highlighting the anticancer effects
of LPL in monotherapy form on both breast cancer cell lines,
which characterized by antiproliferative, antimigrative and
apoptotic properties, revealed that LPL synergizes the anti-
cancer potency of DOX. It would be practically important if
the described combination therapy can be matter of further
preclinical and clinical studies to reduce the DOX-induced
side effects and drug resistance and increase the effective-
ness of both tested compounds.
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