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Abstract: Breast cancer (BC) is the most common malignancy, and conventional medicine has failed
to establish efficient treatment modalities. Conventional medicine failed due to lack of knowledge of
the mechanisms that underpin the onset and metastasis of tumors, as well as resistance to treatment
regimen. However, Complementary and Alternative medicine (CAM) modalities are currently
drawing the attention of both the public and health professionals. Our study examined the effect of a
super-combination (SC) of crude extracts, which were isolated from three selected Qatari medicinal
plants, on the proliferation, motility and death of BC cells. Our results revealed that SC attenuated
cell growth and caused the cell death of MDA-MB-231 cancer cells when compared to human
normal neonatal fibroblast cells. On the other hand, functional assays showed that SC reduced BC
cell migration and invasion, respectively. SC-inhibited cell cycle and SC-regulated apoptosis was
most likely mediated by p53/p21 pathway and p53-regulated Bax/BCL-2/Caspace-3 pathway. Our
ongoing experiments aim to validate these in vitro findings in vivo using a BC-Xenograft mouse
model. These findings support our hypothesis that SC inhibited BC cell proliferation and induced
apoptosis. These findings lay the foundation for further experiments, aiming to validate SC as
an effective chemoprevention and/or chemotherapeutic strategy that can ultimately pave the way
towards translational research/clinical trials for the eradication of BC.
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1. Introduction

Breast cancer (BC), a serious global health issue, is the most prominent type of tumors
in women [1,2]. Malignant breast tumors can metastasize locally or to distant organs
through the invasion of cells from the primary tumor to distant sites [3]. There has been
major progress in technology that has led to breakthroughs in cancer research, paving the
way towards designing specific-targeted therapies against cancer. However, conventional
medicine (CM) has failed to establish the ultimate cure for cancer. This failure is due
to the poor understanding of the specific molecular mechanisms associated with tumor
development within various groups of patients, drug resistance, and the failure of clinical
trials and the current therapies in curing cancer. Hence, the field of Complementary and
Alternative medicine (CAM) is drawing more attention, especially in countries where CAM
has been practiced for a long time [4,5]. CAM treatment modalities use crude extracts
isolated from various medicinal plants. Each of these crude extracts encompass a variety of
compounds or phytochemicals known for their anti-cancer properties [6,7].

Various natural compounds isolated from medicinal plants, commonly found in Qatar
and the Gulf region, have been extensively explored for their anti-cancer properties in
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inhibiting cell proliferation and inducing apoptosis of different cancer cell lines. These
plants include Artemisia herba-alba [8], Aloe vera [9], Ferula asafetida [10], Frankincense
(Boswellia sacra) [11], Sidr (Ziziphus spina-christi) [12,13], Dates (Phoenix dactylifera) [14].

The induction of apoptosis (programmed cell death) by medicinal plant extracts in-
volves complex mechanisms. These mechanisms can vary depending on the specific plant
and its chemical composition. The common mechanisms that are often associated with the
induction of apoptosis by plant extracts include the disruption of the mitochondrial mem-
brane potential and favoring the pro-apoptotic proteins over the anti-apoptotic proteins to
trigger apoptosis [15]. Plants extracts can also inhibit the cell proliferation of cancer cells by
inducing cell cycle arrest and apoptosis [16]. On the other hand, phytochemical compounds
isolated from plant extract can also inhibit the PI3K/Akt or the NF-«kB (Phosphatidylinosi-
tol 3-kinase/ Alpha serine/therionine-protein Kinase, Nuclear Factor-Kappa B) survival
signaling pathways, which are commonly dysregulated in cancer cells to promote cell
survival [17-19].

For the last two decades, our laboratory has focused on identifying an effective combi-
nation of phytochemicals/bioactives that can inhibit tumor cell proliferation and induce
cancer cell death. The combination of bioactives can target, simultaneously, different sig-
naling pathways that control cell proliferation and apoptosis [20]. Thus, we examined the
effect of a super-combination (SC) of phyto-bioactives present in crude extracts, which
were isolated from three selected Qatari medicinal plants (Haplophyllum tuberculatum (A),
Erodium glaucophyllum (B), and Heliotropium bacciferum (C)) on the cell growth, cell sur-
vival, cell motility and invasion of the BC cell line MDA-MB-231. The plants used in the
present study were selected based on our preliminary work, as well as their anti-cancer,
anti-inflammatory properties, their content of antioxidants and well-known active com-
pounds [21-26]. Moreover, the expression levels of proteins associated with cell cycle
control and apoptosis were determined to identify the potential molecular mechanisms
underlying SC-induced cell death.

2. Materials and Methods
2.1. Plants Collection

Fresh wild ABC plant species growing in Qatar’s desert sandy soil were collected
during April and June 2016. These plants were identified by the second author (AlSafran M.)
according to the standard sampling guidelines for local Qatari Medicinal plants [27]. The
samples were collected in a polyethylene bag, immediately transported to the laboratory,
and kept at —80 °C. Later, the samples were ground into a fine powder using a coffee
grinder and sieved through a 24-mesh sieve for homogeneity. Powdered materials were
then kept at —20 °C and protected from light until use.

2.2. Plant Crude Extraction

Crude extracts were isolated from the plants in methanol, as previously described with
slight modifications [28]. Firstly, stored plant samples were dried, then 2 g of dried material
was ground into a powder and transferred into a 50 mL polyethylene centrifuge tube.
Powdered material was then mixed in 30 mL methanol for 24 h at ambient temperature in
water bath, followed by ultrasonic frequency (50-60 Hz) bath (FS100B, Decon Laboratories
Ltd., Hove, UK) for 60 min at 25 °C and. Before sonication, the tubes were vortexed
for 10-15 s to enhance the yield of the extracts. The extract was centrifuged (Centurion
Scientific C2) for 10 min at 2000 rpm, and the supernatant was transferred to an empty tube
for storage at 4 °C. Plant residues were re-extracted with 30 mL of methanol, using the same
procedure after 48 h period. A rotary evaporator (Laborota 4000, Heidolph, Germany) was
used to evaporate combined supernatants to dryness under vacuum at 40 °C. Afterwards,
the extracted product was then dissolved in 4 mL methanol, transferred to an amber glass
vial, and kept at 4 °C in the refrigerator until use.
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2.3. Determination of Total Phenolic Contents

The total phenolic contents were measured by following Folin—Ciocalteau (FC)
method [29], using plant (50 uL) extracts mixed with 2.5 mL of 1:10 Folin-Ciocalteau
reagent. Briefly, upon adding saturated Na,COj3 (75 g/L) solution and incubation at 30 °C
for 1.5 h with intermittent shaking, the resulting blue-colored solution was measured at
765 nm using a spectrophotometer (Lambda 25, Perkin Elmer, Waltham, MA, USA). The
measurements were carried out using a calibration curve of gallic acid mixed in methanol,
and total phenolic content was expressed as Gallic Acid Equivalent (GAE) in mg/g of dry
weight (DW) of the sample.

2.4. Determination of Total Flavonoid Contents

The aluminum chloride method was used to determine the total flavonoid content,
with a few modifications from Chia-Chi et al. (2002) [30]. Each plant extract (0.5 mL) was
mixed separately with 95% ethanol (1.5 mL), 10% aluminum chloride (0.1 mL), 1 M potas-
sium acetate (0.1 mL), and distilled water (2.8 mL). The calibration curve was established
by preparing Quercetin (QE) solution into 80% ethanol at a concentration of 25-100 pug/mL.
The absorbance of the reaction mixture was measured at 415 nm after incubation for 30 min
at room temperature, using a spectrophotometer (Lambda 25, Perkin Elmer), and total
flavonoid content was expressed as mg QE/g DW.

2.5. Cell Lines and Cell Culture

The highly metastatic aggressive triple negative BC cell MDA-MB-231 was obtained
from the American Type Culture Collection (ATCC, Manassas, Virginia). The primary
dermal normal human neonatal fibroblast (HDFn), a cell line isolated from neonatal dermis
were obtained from Weill Cornell Medicine-Qatar [20,31,32]. The cells were supplemented
with DMEM media containing 10% fetal bovine serum (FBS), 1% penicillin-streptomycin,
and 5% L-glutamine and then cultured and incubated at 37 °C in a humidified incuba-
tor adjusted to 5% CO,. All experiments were carried out until the cells reached 60 to
70% confluency.

2.6. Alamar-Blue Cell Proliferation Assay

Approximately 10,000 cells in each cell line were seeded in 96-wells culture plates in
triplicates using DMEM medium to encompass all the ingredients, as described above. The
cells were treated either with individual compounds, the SC combination, or with DMSO
as a control. Based on preliminary optimization experiments, MDA-MB-231 and HDFn
cells were treated with 0.798 mg/mL SC combination (the SC contained A = 0.4 mg/mL,
B =0.26 mg/mL, and C = 0.138 mg/mL). The SC killed more than 50% of the MDA-MB-231
cells compared to normal cells. This concentration of the SC was then selected for all the
remaining experiments.

Following SC treatment for 24 and 48 h and PBS washing, the cells were incubated
in 10% Alamar-Blue reagent (Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA)
for 4 h, as we have previously described [8]. Fluorescence was measured at 560 nm and
590 nm TECAN infinite M200 plate reader (Médnnedorf, Switzerland). The rate of cell
proliferation/cell viability was determined based on the fluorescence of SC-treated cells
compared to the control cells.

2.7. Morphological Study

Upon treatment with the sub-optimal dose of the SC, both MDA-MB-231 and hu-
man fibroblast cells were monitored alive under the microscope (OPTIKA Microscopes,
Ponteranica, Italy) at 24 and 48 h post treatment [31,32].

2.8. Wound Healing Assay

To determine the effect of the SC treatment on BC cell migration, wound healing assay
was applied to MDA-MB-231 cells, as we have previously reported [31]. Briefly, the cells
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were incubated in 6-well plates, and prior to the treatment, a straight scratch was made
in each well using a sterile pipette tip. Following removal of floating cells and debris in
a wash with PBS, the cells were treated with 0.798 mg/mL of SC and monitored for 48 h.
During the treatment, the cells were observed and photographed at different time points (0,
24, and 48 h) to determine the wound closure of the scratch. Images were examined using
the Image]J application, and the data were analyzed and plotted in graphs.

2.9. Invasion Assay

The effect of the SC treatment on BC cell invasion was examined by Boyden cell
invasion assay using Matrigel-coated chambers, as we have previously reported [32]. Briefly,
treated cells were seeded onto the upper chambers of Matrigel plates, while Dulbeccos
Modified Eagle Medium (DMEM) containing 10% FBS was added to the bottom chamber
to serve as chemoattractant. Following cell incubation for a period of 48 h, cells that did
not invade through the Matrigel were gently washed with phosphate buffered saline (PBS)
and removed from the upper chambers using a sterile cotton swab. In contrast, cells that
invaded to the lower chambers were fixed with methanol and formaldehyde for 10 min
and then stained in 0.5% crystal violet. Once the crystal violet stain was removed with
PBS, the cells were observed under the microscope, and photos were taken for analysis
of cell invasion. The percentage of the inhibition of cell invasion was determined for
the triplicates using Image J software version 1.53t (NIH, LOCI, University of Wisconsin,
Madison, WI, USA).

2.10. Western Blot Analysis

The molecular mechanisms by which the SC inhibited cell growth and induced cell
death were investigated by analyzing the expression levels of proteins associated with cell
cycle (p53 and p21) as well as apoptosis (p53, BCL-2, Bax, Casp3 and Casp?), respectively,
using Western blot analysis, as we have reported [4,8,18]. Pursuant to this goal, protein
lysates were isolated from the 48 h SC-treated MDA-MB-231 cells (0.798 mg/mL), and 30 ng
of total cell lysates were separated and transferred to PVDF membranes. Immunoblot-
ting was carried out by probing the membranes overnight with the primary antibodies,
including anti-rabbit p53 (Cell Signaling Technology, CST #2527S) anti-rabbit Bax (Cell
Signaling Technology, CST #5023S), anti-mouse BcCL-2 (Cell Signaling Technology, CST
#15071S), anti-rabbit Casp3 (Cell Signaling Technology, CST #9662), anti-mouse Casp7
(CST# AF823), and anti-rabbit Casp7 (CST# AF823). The anti-rabbit (3-actin (Cell Signaling
Technology, CST #4970S) served as a loading control. Following the incubation of the
membranes with the secondary antibody for 2 h, immunoreactivity was visualized using
ECL substrate (Pierce Biotechnology, Rockford, IL, USA). Images obtained with iBright
developer (Thermo Fisher Scientific, Waltham, MA, USA), were analyzed using Image ]
software for the relative amounts of protein expression.

2.11. Statistical Analysis

Data obtained from the comparison between treated and untreated cells in the trip-
licated experiments were analyzed using Statistical Package of the Social Sciences (SPSS)
and presented as mean =+ Standard Error of the Mean (S.E.M). Means were compared using
t-test, and differences were considered significant when p < 0.05.

3. Results
3.1. Total Phenolic Contents

Plant phenolic compounds have a variety of physiological activities [33], and many
of these compounds are used in pharmaceuticals. Phenolic compounds exhibit health-
improving properties, including reducing inflammation, free radicals, and cancer risk [34].
Figure 1a shows the total phenolic contents (TPC) measured using the FC method for
the extracts with GAE as a standard sample. TPC values were calculated based on the
calibration curve y = 0.0042x — 0.0005 R? = 0.9993. It is calculated from the absorbance
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“x” and the concentration of the solution “y” (ug/mL) expressed as mg GAE/g DW. The
TPC values were 10.55 mg GAE/g DW, 75.76 mg GAE/g DW, 13.97 mg GAE/g DW for
Haplophyllum tuberculatum, Erodium glaucophyllum and Heliotropium bacciferum, respectively.
Previous studies have reported the TPC in E. glaucophyllum [35], H. bacciferum [36], and
H. tuberculatum [37].
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Figure 1. Total phenolic and flavonoid contents in the plants were used in the study. (a) Total phenolic
contents (as mg gallic acid equivalents (GAE)/g of dry weight) and (b) total flavonoid content (as mg
quercetin equivalents (QE)/g of dry weight) methanol extracts of selected plants.

3.2. Total Flavonoid Contents (TFC)

Flavonoids, which comprise the most abundant phenolic compound group in nature,
are potent antioxidant, antimicrobial, antiulcer, anti-diabetic, hepato-protective, and anticar-
cinogenic agents [36]. A colorimetric assay was performed to evaluate the total flavonoid
content (TFC) with QE as a standard sample. TFC values were calculated based on the
calibration curve y = 0.001x + 0.0012 R? = 0.9994. It is calculated from the absorbance x
and the solution concentration y (ug/mL) expressed as mg QE/g DW (Figure 1b). The
TEC values were 10.42 mg QE/g DW, 57.28 mg QE/g DW, 11.75 mg QE/g DW) for H.
tuberculatum, E. glaucophyllum and H. bacciferum, respectively.

3.3. Establishment of the Optimal Dose of the Super-Combination

To determine the optimal dose of the super-combination (SC) that will be used in all
experiments, (i) we determined the optimal dose for each individual crude extract isolated
from each of the three selected Qatari medicinal plants (H. tuberculatum (A), E. glaucophyllum
(B), and H. bacciferum (C)) by examining the effect of a range of ascending doses on the
proliferation of MDA-MB-231 BC cell lines, and (ii) we examined the effect of different
combinations (SC1 to SC4) on the growth of both MDA-MB-231 and the normal human
dermal neonatal fibroblasts (HDF), which were used as control normal cells, while DMSO
was used as vehicle control. Both cells were treated for 48 h with varying concentrations
of SC (A + B + C), as shown in Table 1. Our results revealed that while the combinations
tested all significantly inhibited MDA-MB-231 cell proliferation (Figure 2), SC1 showed the
highest effect among all the SCs (Figure 2A).

Table 1. The different concentrations of the super-combination (SC) examined on the proliferation of
both MDA-MB-231 and the normal human dermal neonatal fibroblasts.

SC1 A =10%, B =5%,C=3%
SC2 A =10%, B =10%, C =3%
SC3 A =8%,B=10%,C=3%
SC4 A =5%,B=10%,C=4%

3.4. Effect of the Super-Combination on the Cell Morphology

Next, we examined and compared the morphology of MDA-MB-231 cells and the
human neonatal fibroblasts in the absence or presence of SC1 optimal dose. In the absence
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of SC1 treatment, MDA-MB-231 cells exhibited smooth epithelial with prominent nuclei.
Compared to control cells, SC1-treated MDA-MB-231 lost cell—cell contact and detached
from the tissue culture dish, suggesting SC1-induced cell death. More interestingly, how-
ever, the neonatal fibroblast control cells showed normal cell-cell contact and were healthy

(Figure 2C).
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Figure 2. Effect of the optimal SC on breast cancer cell proliferation. (A,C) Effect of the SC on cell
viability and morphology of MDA-231 cancer cells. (B) SC-treated cells on Alamar-blue colors (Pink:
living cells; blue: dead cells). The results are statistically significant as *** p < 0.0001.

3.5. Effect of the Super-Combination on the Cell Migration and Invasion

Next, we explored the effect of SC1 on BC cell migration and invasion using wound-
healing and invasion Boyden chamber assays, respectively. Our results showed that
SC1 significantly reduced BC cell migration (Figure 3) and invasion (Figure 4) by ~73%
(Figure 3) and 90% (Figure 4), respectively, when compared to the control (p < 0.05).
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Figure 3. Effect of SC on MDA-MB-231 cell migration using scratch wound-healing assay. (A) SC1
inhibited MDA-MB-231 cell migration. (B) Semi-quantitative analysis of the relative wound closure
(%) showing an increase in the wound closure by the SC, indicating an inhibition of MDA-231 cell
migration. Representative images are mean values of the percentage of wound closure + SEM (n = 3):
% p < 0,001
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Figure 4. Effect of SC on MDA-MB-231 cell invasion using Boyden chamber assay. (A) Semi-
quantitative analysis showing a decrease in invaded cells by the SC, indicating an inhibition of
MDA-231 cell invasion. (B) Representative images of the invasion assay in MDA-MB-231 BC cells.
SC 1 inhibited cell invasion of MDA-MB-231 by ~90% in comparison to control cells (*** p < 0.0001).

3.6. Molecular Mechanisms Mediating Super-Combination (SC)-Induced Apoptosis

Last but not least, we investigated the molecular mechanisms that underpin SC1-
induced apoptosis. Therefore, after 48 h of SC treatment, protein lysates were collected from
MDA-MB-231-treated cells as well as from their matched control DMSO untreated cells.
The protein lysates were examined for the expression levels of the key genes associated
with both cell cycle (p53 and p21) and apoptosis (p53, Bax, BCL-2, Casp3 and Casp?)
using Western blot analysis (Figure 5). Interestingly, the expression of the mutant p53 was
significantly attenuated by SC1 treatment in MDA-MB-231 as compared to the control cells
(Figure 5A). Curiously, while MDA-MB-231 cells do express high levels of the stable mutant
P53, the expression of p21 was remarkably inhibited, perhaps due to the inhibition of p53
(Figure 5A). However, SC1 significantly increased Bax and decreased BCL-2, indicating that,
most likely, SC1 induced apoptosis via the intrinsic mitochondrial pathway by inducing
Bax and inhibiting BCL-2 expression (Figure 5B). More interestingly, SC1 increased Casp?
but decreased Casp3, indicating that the apoptosis of MDA-MB-231 cells was executed via
the induction of the effector Casp?, resulting in PARP-1 cleavage.
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Figure 5. Expression levels of proteins associated with SC1-induced apoptosis. (A) Western blot
analysis of SC1-inhibited mutant p53 expression, p21, BCL-2, and Casp3, while upregulating Bax
and Casp7 compared to their vehicle control (V-CTRL). (B) Semi-quantitative analysis showing the
relative expression level of each protein. (3-actin served as control for the amount of proteins used in
the assay. Density was analyzed using Image]. Mean Values &+ SEM (n = 3) were compared using
t-Test: ** p < 0.001.
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4. Discussion

The phenolic compounds in plants have a variety of physiological activities, and
many of these compounds are used in pharmaceuticals. Phenolic compounds are believed
to possess health-improving properties, such as reducing inflammation, reducing free
radicals, and reducing cancer risk [20]. The TPC contents has already been reported in
E. glaucophyllum [38], H. bacciferum [11], H. tuberculatum [36]. Several differences exist
between the current study and earlier studies, including the methods of preparation, the
extraction solvent, and the equivalent compounds. It is therefore not possible to compare
TPC contents between the present study and earlier studies. Flavonoids comprise the most
abundant phenolic compound group in nature; they have been shown to have diverse
biological activities, including antioxidant, antimicrobial, antiulcer, anti-diabetic, hepato-
protective, and anticarcinogenic properties [35].

Here, we explored the effects of the combination SC 1(SC1 = A + B + C) of crude
extracts (Figure 2), isolated from three selected Qatari medicinal plants (H. tuberculatum (A),
E. glaucophyllum (B), and H. bacciferum (C)), on cell proliferation, morphological changes,
and the cell motility of the highly metastatic triple-negative BC cell line MDA-MB-231. The
primary dermal normal human neonatal fibroblasts (HDFn) were used as control normal
cells. Furthermore, we investigated the role of molecular mechanisms regulating the intrin-
sic pathway of apoptosis in SC-treated cells, as well as the expression of the key players
mediating cell cycle and cell proliferation (Figure 3). Our findings revealed the SC-induced
apoptosis and reduced cell migration and invasion of MDA-MB-231 when compared to
normal control cells. More importantly, SC treatment resulted in apoptosis, which was
most likely mediated by the mitochondrial Bax/BCL-2/Casp7 signaling pathway.

As indicated earlier, many studies have explored the medicinal potential of the plant
crude extracts reported in this work or their active compounds, including their prospects
as a source of cancer therapeutic agents. Although few of such studies investigated
the anti-cancer potency of the individual crude extracts or their compounds, no study
has investigated the combination of the crude extracts of the plant species used in our
present investigation.

Several studies have isolated bioactive compounds and known active ingredients from
plant species and characterized their anti-cancer properties. For instance, an analysis of
crude extracts from E. glaucophyllum identified a number of known antioxidants bioactive,
such as Geraniin [39—41], Gallocatechin [25], Quercetin and others [42]. An analysis of crude
extracts from H. bacciferum showed the presence of a well-known carotenoid metabolite
isololiolide [11,43]. More interestingly, the crude extracts from H. tuberculatum showed
the presence of various alkaloids (e.g., haplotubinone, haplotubine, diphyllin, etc.) [44],
polyphenols (e.g., lignans, arabelline, majidine, dictamine, and a qudsine derivative) [45,46],
and flavonoids (e.g., resveratrol, kaempferol, myricetin, rutin, quercetin, etc.) [47].

It is evident from the literature described above that all the three medicinal plants (A,
B and C) used in the present investigation are rich in various compounds (flavonoids, alka-
loids, and polyphenols) that have already been characterized, individually, for their efficacy
as anti-cancer agents. In fact, in our previous study, we combined in vitro cytotoxicity as
well as microarray analysis, and identified, for the first time, a super-combination of six
well-characterized bioactive compounds (resveratrol + indol-3-Carbinol + C-phycocyanin +
isoflavone (genistein) + curcumin + quercetin), and showed that this super-cocktail induced
apoptosis and inhibited the cell growth and motility of MDA-MB-231 BC cells [8]. More
interestingly, our study revealed a myriad of major signaling pathways targeted by each
of these individual compounds of the cocktail, in a combination, to exert synergistic anti-
cancer activity [8]. Similarly, in the present study, it is obvious that mixing crude extracts
from the three medicinal plants into an SC means a mix of various flavonoids, alkaloids,
and polyphenols, as described above [11,43-47].

Several studies have already demonstrated the role of these compounds, individually,
in inducing apoptosis and further inhibiting cancer cell migration and invasion (Figure 4).
For instance, in addition to our previous studies on resveratrol and quercetin [8], geraniin,
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the main active ingredient isolated from E. glaucophyllum, was shown to inhibit human
osteosarcoma cancer cell migration and invasion via the PI3K/Akt and ERK1/2 signaling
pathways [39]. Furthermore, Geraniin decreased BCL-2 expression and increased Bax
expression, leading to mitochondrial cytochrome c release and the subsequent activation
of caspase-9 and caspase-3 cascades [39]. In vivo, geraniin resulted in tumor growth
inhibition in A549 xenografts [39]. Isololiolide, which is abundant in H. bacciferum, induced
significant apoptosis in the hepatocellular carcinoma HepG2 cells, when compared to non-
malignant MRC-5 and HFF-1 human fibroblasts [43]. Isololiolide-induced apoptosis was
associated with increased PARP cleavage and p53 expression and decreased procaspase-3
and BCL-2 levels [43]. In another study, lololide and isololiolide, isolated from H. bacciferum,
were also found to inhibit the proliferation of colon cancer cells HCT116 and DLD1 [11].
Interestingly, Yang et al. reported that loliolide was a potent suppressor of the Epithelial-
Mesenchymal Transition (EMT) process against colon and breast cancer cells [48]. Loliolide-
suppressed EMT was associated with the inhibition of the chemokines CXCR4 and CXCR?,
the suppression of expression of mesenchymal markers, and the induction of epithelial
markers [48]. In addition, loliolide inhibited cancer cell invasion [48]. Based on the findings
described above and the literature, the alkaloids and polyphenol compounds present in
our crude extracts have been well characterized for their anti-cancer properties [49-51].

We also investigated the molecular mechanisms underlying SC-induced apoptosis
and cell proliferation. Our results revealed that the SC attenuated cell growth and triggered
apoptosis of the human TNBC cells most likely through the Bax/BCL-2 mitochondrial
intrinsic pathway. As expected, and as shown in Figure 4, the SC led to the cleavage
and activation of both Casp-3 and Casp-7, which in turn cleaved PARP-1, indicating that
the SC induced the mitochondrial apoptosis of MDA-MB-231 BC cell lines. Interestingly,
the SC inhibited the expression levels of the mutant p53 (Figure 4), while it induced Bax
and inhibited BCL-2 (Figure 5). It must be noted that the stable mutant p53 is abundant
in MDA-MB-231 cells and can suppress apoptosis via a dominant negative effect [52].
Also, the dysregulation of p53 function increases the Bax/BCL-2 ratio, rendering the
cells vulnerable to apoptosis [53]. More importantly, regardless of the tumor suppression
function of p53 [54], specific mutations confer a ‘gain-of-function” or ‘dominant negative’
function to the new mutant p53 protein, which subsequently promote tumorigenesis and
tumor progression [55-57]. Moreover, the abundance of mutant p53 protein in MDA-MB-
231 [51] equip these cells with signals that promote cell survival by suppressing the pro-
apoptotic effect that might originate from other p53 family members [52,53]. In summary,
all our finding put together with the data described above from the literature support our
hypothesis that the SC crude extract exhibited anti-cancer properties. In addition to its
anti-migration/anti-invasive effects, it exhibited anti-proliferative effect, observed in MDA-
MB-231, where it targeted and attenuated the expression of the mutant p53, subsequently
resulting in apoptosis.

5. Conclusions

The findings support our hypothesis that SC inhibited cell proliferation, cell migration,
cell invasion, and induced apoptosis. SC-promoted apoptosis appears to be mediated
via the attenuation of the mutant p53 protein as well as upregulated Bax and downreg-
ulated BCL-2. This suggests that the super-combination triggered BC cell death via the
p53/Bax/BCL-2/Casp? pathway. Our ongoing experiments aim to validate these in vitro
findings in vivo using a BC-Xenograft mouse model. These findings support our hypoth-
esis that the SC of crude extracts exhibited promising anti-cancer properties and lays
the foundation for further experiments to validate SC as an effective chemoprevention
and/or chemotherapeutic strategy that can ultimately pave the way towards translational
research/clinical trials for the eradication of BC.
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