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Abstract: Triple negative breast cancer (TNBC) stands among the most fatal and aggressive malignancies of women all
over the world. This study was based on the screening of natural compounds library to identify potentially active entities
against TNBC, which has been reported to be resistant towards currently available chemotherapeutics. A library of 100
compounds was screened against TNBC and non-TNBC breast cancer cell lines. Compounds that exhibited cytotoxicity
and inhibited 80% growth of cancer cells at the concentration of 10ug/ml were considered as hits. 4 out of 100 screened
compounds exhibited anti-proliferative potential against breast cancer while 2 out of 4 showed significant anti-cancer
potential only against TNBC. In this article, we report the anti-cancer potential of resistomycin, a pentacyclic polyketide
metabolite, which is isolated from bacterial strain Streptomyces spp. Resistomycin inhibited the growth of TNBC cells
(MDA-MB231) more efficiently than non-TNBC (MCF-7) cells. Further, the molecular mechanism lying behind the
anticancer potential of resistomycin was found to be induction of apoptosis and mitochondrial dysfunction. Resistomycin
has significant potential to dissipate MMP to induce apoptosis in TNBC cells. The results of this research provide

evidence to support this bioactive natural entity as an anti-TNBC drug candidate in future.
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INTRODUCTION

Triple negative breast cancer (TNBC) is enlisted among
the most aggressive malignancies of breast in women all
over the world with 5-year survival rate of 60% after
diagnosis (Jitariu et al., 2017). TNBC lacks the expression
of estrogen receptors (ER), progesterone receptors (PR)
and human epidermal growth factor receptor 2 (HER2)
(Gadi and Davidson, 2017). Due to the lack of expression
of drug targets in TNBC, it is resistant towards the
currently available chemotherapeutics. Moreover, its poor
prognosis and high proliferative potential than any other
type of breast cancer further aggravates the situation
(Cleator et al., 2007; Han et al., 2019). Hence, there is
dire need to figure out the effective agents to improve
therapeutics against this fatal malignancy (Riaz et al.,
2019).

Natural compounds have proved their worth as an
irreplaceable tool in drug discovery during recent years
(Atanasov et al., 2015). Several in vivo, pre-clinical as
well as clinical studies have affirmed the potential of
natural compounds against cancer (Choudhari et al.,
2019). In order to find the potent cytotoxic compounds
against TNBC, we have screened the natural compounds

*Corresponding author: e-mail: drazharrasul@gmail.com

library. MDA-MB231 cells were selected as TNBC model
cells to figure out the anti-TNBC compounds (Chavez et
al., 2010). After screening, we obtained four cytotoxic
compounds, out of which, eriocalyxin B and resistomycin
were found to be more effective inhibitors of TNBC cells.
We have recently reported the anti-cancer potential of
EriB (Riaz et al., 2019), while this research article reports
the potential of another compound, resistomycin, against
TNBC.

Resistomycin is a pentacyclic polyketide metabolite
isolated from the bacterial Streptomyces spp. (Jakobi and
Hertweck, 2004; Jones and Elliot, 2017). To date,
resistomycin has been known to exert anticancer effects
against few cancers such as colon (Nadysev et al., 2018),
hepatic, cervical (Vijayabharathi et al., 2011) and gastric
carcinoma (Adinarayanaa et al., 2006), however, the exact
mechanism lying behind its cytotoxic effects still needs to
be investigated. Our research on this compound is an
effort to determine anti-proliferative potential of
resistomycin towards MDA-MB231 and the mechanism
of resistomycin-induced apoptosis in MDA-MB231 cells.

MATERIALS AND METHODS

Cell culture
TNBC and non-TNBC (MDA-MB231 and MCF-7
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respectively) cells were cultured in DMEM media
supplemented with 10 percent fetal bovine serum (FBS)
and 1 percent antibiotics. The incubation of cancerous
cells was done in atmosphere of 5 percent CO, at 37°C
and cells were allowed to grow till they attained 70-80%
confluency (Di et al., 2014).

Cell proliferation assay

TNBC and non-TNBC cells were seeded in 96 well plate
(5%10° cells/well) in DMEM comprising 10 percent FBS
along with 1 percent antibiotics for 12 h. Stock solution of
2mg/ml of each compound was prepared in DMSO. Cells
were treated with test compounds for 48 h. MTT solution
(10ul) was added to each well after which the cells were
re-incubated. After 4 hours, the media was discarded from
each well and replaced with DMSO (150 pl/well). At
Multimode Reader (Thermo Scientific, USA), the
absorbance was taken at 490 nm (Rasul ez al., 2011). The
experiment was done in triplicate and the inhibition ratio
was calculated by the following formula:

1% [A490(control) — A490(treated)]
0
A490(control)

x 100

Where, “I”” denotes the inhibition rate and “A” represents
the absorbance at 490 nm.

Measurement of cell apoptosis

Annexin V/PI assay along with FACS (flow cytometric
analysis) was performed to measure the cellular apoptosis
(Rasul et al., 2012b). Cells were grown in in 6 wells
plates (8 x 10* cells/well) and treated with the various
concentrations (0.2, 0.4, 0.8uM) of resistomycin for 48
hours. Followed by that, the cells were washed two times
with PBS and staining was done with Annexin V-FITC
(Beyotime PR. China) and PI (10ul) in 500ul binding
buffer for 15 min in dark. The percentage of cells in early
and late phases of apoptosis was measured by FACs
analysis.

Mitochondrial Aym assay

After the seeding of TNBC cells in 6 well plate (8 x 10*
cells/ml), incubation was done for 12 h in CO, incubator.
Next, the treatment of various concentrations (0, 0.2, 0.4,
0.8uM) of resistomycin was given to cells. Cells were
stained by JC-1 solution (10ul/well). Mitochondrial
transmembrane potential was probed by FACs analysis
(Rasul et al., 2012a).

STATISTICAL ANALYSIS

The data obtained after experiments was statistically
analysed by using Origin lab 8. The pattern of data
representation was mean =+ standard deviation. Statistical
significance was recorded by paired f-test and the
differences were considered as statistically significant at
P<0.05.

RESULTS

Screening of natural compounds library

During this study, natural compounds library was
screened to find out potent and selective compounds
against TNBC by using human MDA-MB231 and MCF-7
cells. Out of 100 natural compounds screened, 4 hit
compounds (eriocalyxin B, resistomycin, brevicarine,
emetine) inhibited the proliferative potential of TNBC as
well as non-TNBC cancer cells while two natural
compounds (eriocalyxin B, resistomycin) have selective
and significant inhibitory potential against TNBC cells as
compared to non-TNBC cells (table 1).
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Fig. 1: Resistomycin caused inhibition of growth in MCF-
7 and MDA-MB231 breast cancer cells. Cancer cells were
given treatment of 0.31, 0.156, 0.078, 0.039, 0.019, 0.009,
0 uM of resistomycin for 48 h. Values are expressed as
means + SD. P<(.05 compared to the control group.

Generation of dose-response curves and calculation of
ICsy values

The dose-response curves were generated to calculate the
inhibitory concentrations (ICsy) of four hit compounds
obtained after the screening of natural compounds against
the TNBC and non-TNBC cancer cell lines (MDA-
MB231 and MCF-7 respectively). EriB and resistomycin
have potential to inhibit the growth of TNBC cells
significantly with 1Cs, values of 3+1.7uM and 0.28+0.2
UM respectively while their cytotoxic potential against
non-TNBC cells was found to be relatively lower with
ICs values of 67+£10.7uM and 1.3£0.5uM respectively.
Interestingly, resistomycin anti-proliferative potential
against MDA-MB231 cells is four times greater as
compared to MCF-7 cells. Therefore, we were interested
to find the mechanism of resistomycin-induced apoptosis
in MDA-MB231 cells. Details of compounds, their
molecular weight and ICs, values against TNBC and non-
TNBC cell lines are provided in table 2.

Resistomycin significantly inhibits the proliferation of
MDA-MB-231 cells

The inhibition in the growth of MDA-MB231 and MCF-7
cells was determined by MTT assay. Our results show that
resistomycin  possesses  significant antiproliferative
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Table 1: Summary of hit rate obtained after screening of natural compound library against TNBC and non-TNBC cells

by MTT assay
. No. of compounds . Potent . Hits with Selective Inhibitory
Library name screened Final dose Hits Hitrate Potential against MDA-MB231 cells
Natural Compound 10pg/ml o
Library 100 10-40 vy | 2 4% 2

Table 2: ICs, values of hit compounds against MDA-MB231 and MCF-7 cells along with their molecular weight and

chemical structure.

Natural Compounds Chemical Structure Molecular 1Csq
(Potent Hits) Weight MDA-MB-231 MCF-7
1 | Eriocalyxin B 344.4 g/mol 3uM+ 1.7 67 uM £ 10.7
2 | Resistomycin 376.4 g/mol | 0.28 uM £0.2 1.3uM£0.5
3 | Brevicarine 480.6 g/mol 0.97uM£0.3 | 0.74uM £ 0.2
4 | Emetine 267.37 g/mol | 16.6 nM £ 2.5 149 nM £2.5

potential against TNBC (MDA-MB231) cells. Treatment
of cells with various concentrations of resistomycin (0.31,
0.156, 0.078, 0.039, 0.019, 0.009, OuM) caused a dose-
mediated inhibition of TNBC cells as represented in fig.
At the dose of 0.31uM, resistomycin inhibited the growth
of 80% TNBC cells while at the same dose, resistomycin
inhibited the growth of more than 20% non-TNBC cells
which clearly represents that resistomycin’s effective
growth inhibitory potential towards TNBC cells.

Resistomycin inhibits proliferation via induction of
apoptosis in MDA-MB231 cells

The results of FACs analysis show the dose-dependent
apoptosis induction in TNBC cells after the exposure of
cells to different concentrations of resistomycin (0, 0.2,
0.4, 0.8uM). Fig. 2 represents AV/PI double staining of
MDA-MB231 cells after fourteen hours treatment with
resistomycin. The percentage of cells undergoing early
apoptosis (AV+/PI-) after the exposure of cells to 0, 0.2,
0.4, 0.8uM of resistomycin was 8.09+0.38%, 24.37+
2.5%, 37.96+2.7% and 44.20+£3.1% respectively while

respectively, however, necrotic cell percentage (AV-/PI+)
was found to be 0.61+0.02%, 2.70+0.98%, 3.34+0.93%,
and 6.71£1.31% respectively.

Effect of resistomycin on mitochondrial membrane
potential (MMP)

In order to investigate that whether resistomycin induced
apoptosis through loss of MMP, we have measured A¥Ym
via MMP sensor, JC-1 and FACS analysis. Our study
demonstrated that resistomycin has potential to dissipate
MMP actively in MDA-MB231 cells dose-dependently.
Fig. 3A displays the level of MMP in the resistomycin-
treated cells (0, 0.2, 0.4, 0.8uM). The results clearly
indicate that resistomycin-induced apoptosis is linked to
MMP dissipation.

DISCUSSION
TNBC comprises 15% of invasive breast cancers which

are characterized by lack of ER, PR and HER2 (Portha et
al., 2016). Due to the absence of diagnostic receptors and

cells in late apoptotic phase (AV+/PI+) were 1.04+  frequently developed resistance against
0.06%, 2.82+0.09%, 3.76+1.23% and 4.5£1.29%  chemotherapeutics (Kim et al., 2018), there is an ultimate
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need to screen compound libraries against TNBC for the
identification and characterization of potent drug
candidates to provide better treatment for these aggressive
tumors. In this context, natural products with medicinal
properties provide rationale towards the discovery of
drugs against cancer since times (Zupko et al., 2015).
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Fig. 2: Analysis of apoptosis in resistomycin treated-
MDA-MB231 cells by flow cytometry. (A) Dot plot for
FACs analysis, B1: AV-/PI+ (Necrotic cells), B2: AV+/PI+
(late apoptotic cells), B3: AV-/PI- (viable cells), B4:
AV+/PI- (early apoptotic cells). (B) Bar graph illustrating
the percentage of cells in early and late apoptotic phases
after treatment with resistomycin. Values are expressed as
means £ SD. P<(.05 compared to the control group.

Resistomycin, a pentacyclic polyketide metabolite from
bacterial strain Streptomyces spp., has been known to
possess antifungal (Zhang et al., 2013), antiviral (Roggo
et al., 1994) and anti-proliferative properties. The results
of our study demonstrate significant anticancer potential
of resistomycin against the proliferation of TNBC cell
line, MDA-MB231, by the induction of apoptosis. The
results of this study are found to be consistent with the

previous studies which report the anti-cancer potential of
resistomycin against colon (Nadysev et al., 2018) and
gastric cancer (Adinarayanaa et al., 2006). Our results
demonstrate the dose-dependent cytotoxic effects of
resistomycin against TNBC as previously reported for
liver and cervical cancer cells (Vijayabharathi et al.,
2011). The ICsy values reported for resistomycin against
liver (HepG2) and cervical (HeLa) cancer are 0.005pg/ml
0.006pg/ml  respectively. Moreover, authors also
demonstrated the greater cytotoxic potential of
resistomycin as compared to 5-FU in HeLa and HepG2
cells treated with similar doses of resistomycin and 5-FU,

indicating the significant cytotoxic potency of
resistomycin against cancer (Vijayabharathi ef al., 2011).
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Fig. 3: Analysis of AYm in resistomycin treated MDA-
MB231 cells relative to control cells (A) Flow cytometry
analysis showing the dissipation of MMP in resistomycin
treated (0, 0.2, 0.4, 0.8uM) cells. (B) Graph presenting the
percentage loss of MMP in resistomycin treated (0, 0.2,
0.4, 0.8uM) MDA-MB-231 cells. Values are expressed as
means £ SD. P<(.05 compared to the control group.
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Anticancer activity of natural compounds is governed by
the induction of apoptosis in cancerous cells (Safarzadeh
et al., 2014). Programmed cell death proceeds via
intrinsic and extrinsic pathways (Xu et al., 2019). The
intrinsic cell-death pathway is activated via modulation of
Bcl-2 family proteins, MMP dissipation, release of
cytochrome ¢, and these factors ultimately cause
activation of caspase-3 which induce apoptosis (Plati et
al., 2011). As resistomycin has been previously known to
induce apoptosis in colon (Nadysev et al., 2018), gastric
carcinoma (Adinarayanaa et al.,, 2006) hepatic, and
cervical cancer cells (Vijayabharathi et al., 2011),
however, there is very limited data available on targets of
resistomycin in cancer cells. In this study, we have
demonstrated that resistomycin dissipates MMP to induce
apoptosis in TNBC cells. These results are found to be
consistent with literature citing the potential role of
mitochondrial trans-membrane depolarization in natural
compounds-induced apoptosis in cancer cells (Khan ef al.,
2012). In the light of the results from this study, it is
suggested that in vivo efficacy and toxicity profile of
resistomycin should be explored to pave a way for this
bioactive compound as a promising anti-TNBC drug
candidate in the near future.

CONCLUSION

To the best of author’s knowledge, this is first report on
resistomycin anti-cancer potential towards MDA-MB231
cells. Our study illustrated that resistomycin inhibits the
proliferative capability of MDA-MB231 cells more
efficiently than non-triple negative breast cancer (MCF-7)
cells. Resistomycin halts the proliferation of TNBC cells
by inducing apoptosis and dissipating the MMP.
Moreover, the low inhibitory concentrations of this
compound against TNBC cell line support its effective
cytotoxic potential. MDA-MB231 cells are not only
model for TNBC but are also glycolytic dependent cancer
cells (Li et al., 2014), thus, it is recommended that further
studies should also investigate the role of resistomycin
against metabolic enzymes especially PKM2 (Pyruvate
kinase M2). Our results provide a rationale for
resistomycin to be potentiated as a lead candidate against
TNBC but in vivo efficacy and biosafety profile of
resistomycin needs to be further investigated.
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