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ARTICLE INFO ABSTRACT

Received: Background: Triple negative breast cancer (TNBC) lacks expressions of estrogen

04 August 2021 receptor-a (ER-a), progesterone receptor (PR) and amplified human epidermal

Egvn]isgénber - growth factor receptor-2 (HER2). Current treatment for TNBC includes

Accepted: anthracyclin, taxol and cisplatin-based conventional chemotherapy and survival

26 November 2021 pathway PARP, PI3K, AKT and mTOR selective targeted therapy. These treatments
exhibit dose-limiting systemic toxicity and presence of drug resistant cancer stem
cells, which highlight the need for identification of efficacious testable alternatives
that are not toxic to non-tumorigenic cells. Dipsacus asperoides (DA) is a Chinese
nutritional herb and its root represents a common ingredient in Chinese herbal
formulations used in women for estrogen related health issues, osteoporosis and
breast diseases. This study aims to investigate the growth inhibitory effects of DA,
and to detect mechanisms for its efficacy.

Methods: Human mammary carcinoma derived triple negative MDA-MB-231 cell line
represented the TNBC model. Non-fractionated aqueous extract from DA represented the
test agent. Anchorage dependent growth, anchorage independent (Al) colony formation and
cell cycle progression quantified growth inhibition. Western blot-based analysis for
inhibition of RAS, PI3K and AKT and RB signaling identified mechanistic leads.

Results: Treatment with DA induced a dose dependent cytostatic growth arrest
(ICs0: 15ug/ml; 1Cgo: 30pg/ml), reduced Al growth and inhibited cell cycle
progression via G/M arrest. DA affected the RAS, PI3K, AKT and RB signaling
pathways, and functioned as a natural inhibitor of cyclin dependent kinase 4/6.

Keywords: Cellular ap_optosis paralleled increase in pro-apoptot_ic_Caspase 3/7 activity.

Breast cancer, Conclusion: These results demonstrate that DA inhibited growth, affected cell cycle
Dipsacus asperoides, progression, induced apoptosis and inhibited cancer cell survival pathways. This study
_'?If\loé%popmﬁcv validates a mechanism-based approach to identifying testable substitutes for secondary

prevention/therapy of TNBC.
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cular therapy.! The triple negative breast cancer
(TNBC) is an aggressive molecular subtype with no
expression of ER-0, PR and amplified HER2, and,
therefore, is resistant to conventional endocrine or
HER2 targeted therapy.2® Current treatment consists of
anthracyclin, taxol and platinum-based convent-ional
chemotherapy, and survival pathway selective poly
(ADP-ribose) polymerase (PARP), phosphoin-ositide-
3 kinase (PI3K) and mammalian target of rapa-mycin
(m-TOR) inhibitor-based targeted therapy.*® These
treatments cause long-term dose-limiting systemic
toxicity, de novo or acquired tumor resist-ance, and
appearance of drug resistant cancer stem cells affecting
therapeutic efficacy and causing disease progression.
Thus, these limitations highlight the need for
identification of new and less toxic treatment choices
which are testable.

Traditional Chinese herbal formulations consisting of
several nutritional herbs are used in women for estrogen-
related issues, osteoporosis and breast diseases.”°
Chinese nutritional herbs exhibiting minimal systemic
toxicity in vivo and effective growth inhibition of cancer
cells should offer testable alternatives as novel
approaches to potential secondary prevention/therapy of
chemo-endocrine therapy resistant breast cancer.

Several Chinese nutritional herbs that function via
distinct mechanisms of action exhibit growth inhi-
bitory effects in cellular models for the ER-a positive,
PR positive, and HER2 negative (Luminal A) and ER-
a negative, PR negative and HER2 negative (triple
negative) molecular subtypes of breast cancer.!'
Additionally, published evidence from a comparative
study on isogenic MCF-7 phenotypes with modulated
ER-a function has demonstrated that the Chinese
nutritional herb Dipsacus asperoides (DA) exhibits
essentially similar growth inhibitory effects for the
phenotypes with functional or non-functional ER-a.®
To extend and confirm the concept of novel testable
alternatives in TNBC, this study sought to examine the
growth inhibitory effects of DA, and to identify
potential mechanisms for its efficacy in the MDA-MB-
231 model.

METHODS

Experimental Model

The human breast carcinoma derived MDA-MB-
231 cell line was taken from American Type Culture
Collection (ATCC, Manassas, VA, USA). This cell
line does not have the expression of ER-a, PR and of
amplified HER2,8%° and therefore, constitutes a
cellular model for TNBC. The MDA-MB-231 cells
were cultured in RPMI medium with L-glutamine and
5% fetal bovine serum (Life Technologies, Grand
Island, NY) following the vendor’s protocol.

Dose Response of DA

The stock solution for the non-fractionated aqueous
extract for DA was prepared based on the published
protocol.*** Briefly, 20g of DA roots were boiled in
200ml of deionized water to reduce the volume to
100ml, and the 500xg supernatant was collected
(Extract I). The resulting residue was boiled in 100ml
of deionized water to reduce the volume to 50ml, and
the 500xg supernatant was collected (Extract II). The
two extracts were combined and boiled to reduce the
volume to 25ml. Twenty ml of the 500xg supernatant
represented the 100% non-fractionated aqueous
extract, which was diluted in the culture medium to
obtain a concentration of 1mg/ml representing the
stock solution. This stock solution was serially diluted
using the culture medium to obtain the concentration
range of 10ug/ml to 50ug/ml. For the dose response
experiments, 5x10° MDA-MB-231 cells were seeded
in 96-well plates and treated hours later with DA at the
concentrations of 10ug/ml, 20ug/ml, 40ug/ml and
50pg/ml. The control cells were maintained in the
culture medium (untreated control). The cultures were
maintained for 7 days at 37°C in a CO; incubator. The
medium was replenished after the first 3 days with
fresh medium containing relevant concentrations of
DA for the treated groups. Cell viability was
determined on day 7 after seeding by Cell Titre Glo 2.0
assay (Promega Corporation, Madison, WI, USA) as
recommended in the vendor’s protocol. The data from
the dose response experiments were extrapolated to
determine the minimally effective inhibitory ICys, half-
maximal 1Csp and maximally cytostatic 1Cq
concentrations of DA.

Anchorage independent (Al) Growth

For this assay, a 6% stock solution of agar was
prepared by dissolving DNA grade agar (Sigma-
Aldrich-Merk K Ga A) with an appropriate volume of
2X RPMI medium. To prepare the basement layer, this
stock solution was diluted to 0.6% with 2XRPMI
medium, dispersed in a 6-well plate and allowed to
solidify overnight at 37°C. MDA-MB-231 cell susp-
ension, at a density of 5x10° per ml, was prepared in
RPMI medium containing 0.33% agar, and was
overlaid on the basement layer in the presence of
2.5pg/ml, 15.0pg/ml and 30.0pg/ml of DA, equivalent
to ICyzs, ICso and 1Cqo, respectively (treatment group).
Cell suspension in the culture medium represented the
untreated control group. The cultures were incubated at
37°C in a CO; incubator for 21 days. The Al colonies
were fixed overnight in 4% phosphate buffered
formaldehyde (Sigma-Aldrich), stained with 0.005%
crystal violet (Sigma-Aldrich), and colony counts were
determined at 10x magnification.
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Cell Cycle Progression

For the analysis of cell cycle, 5x10*cells were
seeded in T-25 flasks and treated for 24h post-seeding
with 2.5, 15.0 and 30.0pg/ml concentrations of DA for
48h. The cells were harvested by trypsinization,
pelleted at 500xg at room temperature, and washed
twice with cold phosphate buffered saline (PBS,
Sigma-Aldrich). The cells were then fixed with cold
70% ethanol, washed with cold PBS, and stained with
50ug/ml  propidium iodide (PI, Sigma-Aldrich)
dissolved in PBS. Subsequently, the cells were
incubated with 10pg/ml ribonuclease A (Sigma-
Aldrich) at 37°C for 20mins, followed by overnight
incubation at 4°C in the dark. DNA content was
determined by flow cytometry using Becton Dickinson
FACSCAN Flow Cytometer (BD Biosciences,
Research Triangle Park, NC, USA) and analyzed using
FCS Express software version 306 (De Novo Software,
Pasadena, CA, USA) to determine the individual cell
population in Sub Gy (apoptotic), Gi(quiescent), S and
G2/M (proliferative) phases of the cell cycle. The data
were presented as % cell population in Sub Go, G; and
G2/M phases of the cell cycle.

Table 1. Source of antibodies

Western Blot Analysis

For these experiments, cells were seeded in 10cm
dishes at 70% confluence one day before the treatment.
The cultures were treated with 10pg/ml (ICs) and
15ug/ml (1Cso) of DA, and were incubated for 48h in a
CO;y incubator at 37°C. Cells were harvested and
immediately lysed with radio-immunoprecipitation
assay (RIPA) buffer containing protease inhibitors
(Sigma-Aldrich), and centrifuged for 15 minutes at
10,000xg at 4°C. The protein content of the lysate was
determined by the Bradford method and an equal
quantity of proteins were separated on 10% SDS-
PAGE precast mini gels (Mini-PROTEAN TGX, Bio-
Rad Laboratories, Hercules, CA, USA). The separated
proteins were transferred onto a nitrocellulose mem-
brane (Bio-Rad Laboratories), blocked at 4°C overn-
ight with 5% nonfat dry milk, and incubated with
relevant primary and secondary antibodies (Table 1).
The chemo-luminescent signal was developed with
ECL-plus reagent (Bio-Rad Laboratories), and
detected by autoradiography. The signal intensity in
the gels was quantified from the densitometric scans as
arbitrary scanning units (ASU) using Molecular Image
GS800 and Quantity One software (Bio-Rad.
Laboratories).

Antibody Vendor Catalog number Dilution
BRAF SC SC136263 1:200
MEK SC SC365800 1:100
ERK SC SC271269 1:100
PERK SC SC81492 1:200
PI3Ka 110 SC SC8010 1:200
pPI3Ka TF MA538365 1:1500
AKT CST 9272 1:1000
pAKT CST 4060 1:2000
RB SC SC74562 1:100
pRB (Ser780) CST 3590 1:100
pRB (Ser780) CST 3590 1:100
CDKI p21 SC SC 271532 1:100
CDK4 CST 12790 1:1000
CDK6 CST 7961 1:200
f actin C4 SC 47778 1:200

Anti-Rabbit secondary Antibody

IgG-HRP SC SC2357 1:1000

SC, Santa Cruz Biotechnology; TF, Thermo-Fisher; CST, Cell Signaling technology; HRP, Horseradish peroxidase (Conjugate).

Caspase Activity

Caspase-3/7 activity was measured using Caspase-
Glo assay kit (Promega Corporation). The cells were
treated with 15ug/ml and 30ug/ml DA for 48h DA
treated cells were homogenized by sonication in a
homogenization buffer (25mmol/l HEPES, pH 7.5,
5mmol/l MgCl;, and 1mmol/l EGTA) and protease

inhibitors (all from Sigma-Aldrich). The homogenate
was centrifuged at 6,500xg at 4°C for 15 minutes. To
10l of the supernatant, an equal volume of the assay
reagent was added and this mixture was incubated at
room temperature for 2h The luminescence of the
samples was measured using a Fluoroskan
Luminometer (Thermo Scientific Co, Waltham, MA,
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USA). The data were expressed as relative luminescent
units (RLU).
Statistical Analysis

The experiments for dose response, anchorage
independent growth, cellular apoptosis and Caspase
3/7 activity were conducted in triplicate. The data were
expressed as meantSD. Statistically significant
differences between the control and the multiple
treatment groups were determined by one-way analysis
of variance and Dunnett’s test as a post-hoc test with a
threshold of 0=0.05 using the Microsoft Excel 2013
XLSTAT-Base software.

RESULTS

Regarding the dose response of DA, a dose
response experiment was conducted on the human
breast carcinoma-derived MDA-MB-231 cells which
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is presented in Figure 1A. The DA treated cells
exhibited a dose dependent decrease in % cell viability
at the 7-day time point. The data from these
experiments were extrapolated to identify I1Czs as 2.5
pg/ ml, 1Cso as 15ug/ml, and 1Cy as 30ug/ml. In
contrast, the dose response of DA on the non-
tumorigenic triple negative 184-B5 human mammary
epithelial cells identified ICxs as 55ug/ml, 1Cso as
70ug/ml and 1Cy as 126ug/mil.

Concerning the effect of DA on Al growth, the data
presented in Figure 1B demonstrate that in response to
treatment with the pre-determined concentrations of
DA, the number of Al colonies exhibited a progressive
decrease. The DA-induced inhibition ranged from
26.1% (P=0.020) to 91.7% (P=0.001), relative to the
control group. These data identified I1Cso as 13pg/ml,
and 1Cq as 29ug/ml, respectively.
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Figure 1. A: Effect of DA on cell viability of MDA-MB-231 cells. Cell viability (%) determined at day 7 after seeding of 5.0x10° cells.
Data are presented as mean + SD, n=3 per treatment group. DA 10pug/ml (P=0.020). DA 40pg/ml (P=0.001). DA, Dipsacus asperoides;
SD, standard deviation. B: Effect of DA on anchorage independent (Al) colony formation. Colony number determined at day 21 after
seeding of 5.0x10° cells. Data are presented as mean + SD, n=3 per treatment group. DA 15pg/ml (P=0.020). DA 30pg/ml (P=0.001).

DA, Dipsacus asperoides; SD, standard deviation.

With regard to the effect of DA on cell cycle
progression, the primary data from the replicate
experiments were obtained by flow cytometry. These
data are presented as mean and standard deviation in
Table 2. Treatment with DA induced a progressive

G2/M phase arrest of about a 71% (P=0.030) for the
2.5ug/ml group and about an 86% (P=0.014) for the
15.0pg/ml group, relative to the control group. The
status of G2/M arrest obtained from one experiment is
presented in Figure 2.

Table 2. Effect of Dispacus asperoides (DA) on cell cycle progression in MDA-MB-231cells

Treatment Concentration (ug/ml) Cell cycle phase # P & Control (% G2/M)
% G % Go/M
Control 39.9+2.3 35.0£1.9
DA 2.5 30.0£1.7 60.0£2.9 0.030 +71.4%
15.0 29.8+1.9 65.0£2.0 0.014 +85.7%

@ determined at day 3 post-seeding by FACS assay. Mean £SD, n=3 per treatment group. Data for % G2/M phase analyzed using ANOVA

with Dunnett’s post-hoc multiple comparison test.

& Control, relative to control; DA, Dipsacus asperoides; FACS, fluorescence assisted cell sorting; SD, standard deviation; ANOVA, analysis

of variance.
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The experiment presented in Figure 3A examined
the effect of DA on the expression of selected RAS
down-stream effector proteins BRAF, MEK, ERK, and
p-ERK. Treatment with 10pug/ml DA (1Cs) and with
15ug/ml DA (ICso) for 48h. effectively inhibited the
expression of BRAF, p-ERK and MEK in a dose-
dependent manner, relative to the control group.

The experiment presented in Figure 3B examined
the effects of DA on the PI3K/AKT signaling. A 48h
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Figure 2: Effect of DA on cell cycle progression. Treatment
with DA results in a dose- dependent increase in the frequency
of cells in the G phase of the cell cycle. A. Control: 9.33%. B.
DA: 2.5ug/ml 24.17%. C. DA 15ug/ml 53.88%. DA, Dipsacus
asperoides.

treatment with DA resulted in a dose dependent
decrease in expression of pPI3K and pAKT, relative to
the control group. The experiment presented in Figure
3C examined the effect of DA on the RB signaling
pathway. A 48h treatment with DA inhibited the
expression of Cyclin D1, CDK4, CDK6 and p-RB in a
dose dependent manner, relative to the control group,
while the expression of CDKI p21 exhibited a dose
dependent increase.
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Figure 3. A. Effect of DA on the expression of RAS effector proteins. The expression of BRAF, MEK and p-ERK exhibita DA
dose dependent inhibition. DA, Dipsacus asperoides. B. Effect of DA on AKT/ PI3K signaling. The expression of pAKT and
pPI3K exhibit a DA dose dependent decrease in response to treatment with DA. DA, Dipsacus asperoides; AKT, protein kinase
B; PI3K, phosphoinositide 3 kinase. C. Effect of DA on the RB signaling pathway. The expression of pRB, cyclin D1, CDK4

and CDKG® is inhibited, while that of CDKI p21 is increased
retinoblastoma; CDK; cyclin dependent kinase.

As for the effect of DA on cellular apoptosis, an
experiment was conducted which is presented in
Figure 4A and 4B. In response to the treatment with
DA at the concentrations of 15pg/ml and 30pg/ml, the
sub Go (apoptotic cell) population exhibited about a
3.3-fold (P=0.014) to about a 3.6-fold (P=0.001)
progressive dose dependent increase, relative to the

in response to treatment with DA. DA, Dipsacus asperoides; RB;

control group (Figure 4A). In parallel with the data on
apoptotic cell population, caspase 3/7 activity
exhibited about a 7-fold increase (P=0.001) for the
15ug/ml group and about an 8.5-fold increase
(P=0.005) for the 30ug/ml group, relative to the
control group (Figure 4B).
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Figure 4. A. Effect of DA on the Sub G phase of the cell cycle. Treatment with DA induces a dose dependent increase in the
number of cells at the Sub Gy (apoptotic) phase. Data is presented as meant SD, n=3 per treatment group. DA 15ug/ml
(P=0.014). DA 30ug/ml (P=0.001). DA, Dipsacus asperoides; SD, standard deviation. B. Effect of DA on Caspase 3/7
activity. Treatment with DA induces a dose dependent increase in the caspase activity. Data are presented as mean+SD, n=3
per treatment group. DA 15ug/ml (P=0.001). DA 30ug/ml (P=0.005). DA, Dipsacus asperoides; SD, standard deviation.

DISCUSSION

Treatment of choice for TNBC molecular subtype
includes anthracycline/taxol or cisplatin based
chemotherapy, or survival pathway based PARP,
AKT and m-TOR selective small molecule inhibitor
mediated targeted therapy.*>?%?! These treatment
options are associated with systemic toxicity,
acquired tumor resistance and emergence of drug
resistant cancer stem cells, leading to therapy-
resistant disease progression.®2°-22 published studies
on cellular models for Luminal A and TNBC
molecular subtypes have provided evidence that
several Chinese nutritional herbs with distinct
mechanisms of action display growth inhibitory
effects.'” The present study utilizes the MDA-MB-
231 model for TNBC to examine the growth
inhibitory effects of the Chinese nutritional herb DA,
and to identify relevant molecular mechanisms for its
efficacy.

In traditional Chinese medicine, herbal formul-
ations are often prepared by brewing the herbs in
water and the water-soluble extract is provided to
patients for oral consumption. Therefore, to simulate
the clinical setting, a non-fractionated aqueous extract
of DA was used in the present study.

The treatment of the MDA-MB-231 cells with DA
produced cytostatic growth arrest and inhibited Al
colony formation in vitro. Al colony formation
represents a specific characteristic of carcinoma-
derived tumorigenic cells, and, therefore, represents
an in vitro surrogate marker for in vivo tumor growth.
Collectively, these data provide evidence that DA
effectively inhibits growth and reduces risk for tumor
development in the present model. These data are
consistent with the effects of several other nutritional

herbs in the TNBC model.*'" It is notable that
compared to the MDA-MB-231 cells, the non-
tumorigenic 184-B5 cells required substantially
higher concentrations of DA to inhibit growth as
described in the results section. These observations on
distinct growth inhibitory effects on tumorigenic and
non-tumorigenic cells provide evidence for a greater
sensitivity of the carcinoma derived cells to DA
compared to the non-tumorigenic cells.

The experiment designed to examine the effect of
DA on the cell cycle progression revealed that
treatment with DA induced a progressive arrest of the
cells in the Go/M phase of the cell cycle. This effect
appears to be distinct for DA, since other nutritional
herbs, such as Tabebuia avellandae (TA) and Cornus
officinalis (CO), induced G: arrest in the present
model.1®” Collectively, these data suggest that the
selected nutritional herbs affect distinct phases of cell
cycle progression. It is notable that DA-induced G,/M
arrest is similar to that of the chemotherapeutic agent
taxol which also affects G2/M phase and functions as
a potent mitotic inhibitor.2

The experiment to examine the effect of DA on
cellular apoptosis provided evidence that treatment
with DA increased the cell population in the sub Go
(apoptotic) phase of the cell cycle and also increased
the pro-apoptotic caspase 3/7 activity. These data,
taken together, provide plausible mechanistic leads to
suggest that DA may induce cellular apoptosis in the
present TNBC model. Furthermore, these data
provide a basis for future investigations into identi-
fying relevant pathways and susceptible molecular
targets that may be responsible for induction of
cellular apoptosis.
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Cell survival pathway relevant to the oncogenic
RAS isoforms results in hyper-proliferation that is
predominantly effective via RaffMEK/ERK signaling
axis, and represents a prominent driver of
tumorigenesis.?>? The experiment designed to
examine the effect of DA on the downstream effectors
of RAS signaling pathway clearly demonstrated that
DA at the cytostatic concentrations specifically
inhibits the expression of BRAF, MEK and pERK,
while that of total ERK remains essentially unaltered.
This observation raises the possibility that DA
treatment may result in functional inhibition of ERK
signaling, rather than ERK synthesis.

It is generally accepted that the RAS effector
signaling together with the PI3Ko/Akt/m-TOR
pathways represent major survival pathways in breast
cancer cells.®® These pathways are susceptible to
small molecule inhibitors and exhibit demonstrable
clinical efficacy.**2%2! Specifically, down-stream
effectors BRAF, MEK and ERK represent more
effective targets for selective small molecule
inhibitors of oncogenic functions of RAS, since the
gain of function oncogenic RAS remains essentially
an intractable pharmacologic target. However, recent
evidence on the efficacy of mutant RAS selective
small molecule inhibitor suggests that downreg-
ulation of RAS-mediated MAPK signaling is due to
the persistence of GDP bound Ras-p21.%

The survival pathways are activated in cisplatin
resistant TNBC cells,*® and targeting these signaling
pathways results in enhanced efficacy of the first-line
treatment options for chemotherapy.®? Present data
on the effect of DA on the survival pathways via
inhibition of pPI3K and pAKT indicate that DA
affects phosphorylation/activation of these signaling
molecules, and provide mechanistic leads for the
efficacy of a nontoxic nutritional herb against survival
of chemotherapy resistant TNBC. Consistent with this
interpretation, published evidence suggests that an
extract from the rosemary herb inhibits proliferation
and survival via inhibition of phosphorylation-
[activation of AKT and mTOR signaling in the MDA.-
MB-231 model.® It is also notable that agents that
regulate the PI3K/AKT signaling pathway frequently
exhibit PI3K/AKT independent regulation of the
MTOR/MTORC1 axis.®** Thus, the present data
provide novel clinically translatable mechanistic
leads for the effect of DA on the RAS, PI3Ka and
AKT signaling. Additional studies to evaluate the
specificity and sensitivity of DA for these mechanistic
leads and investigations on the mTOR signaling
pathway should provide a scientifically robust basis
for future studies aimed at identifying susceptible
mechanistic pathways and molecular targets for the
inhibitory efficacy of DA.

Tumor suppressive function of RB via Cyclin D1-
CDK4/CDK6- pRB-E2F pathway is frequently
compromised in the TNBC subtype.?®?! In this
pathway, cyclin-dependent kinase inhibitors (CDKI)
p16/NK4  p21¢iPWall and p27KiP as well as cyclin D
represent  functionally  important  signaling
molecules.***! The data on the effects of DA on RB
signaling pathway revealed that the treatment with
DA resulted in a dose dependent inhibition in cyclin
D1, CDK4, CDK6 and p-RB. In contrast, the
expression of CDKI p21¢P*afl increased depending
on the concentration of DA. Previously presented
preliminary data,*? together with the present data
provide evidence for mechanistic leads that RAS,
PI3K/AKT and RB signaling pathways may represent
relevant molecular targets for the efficacy of DA in
the present model system, and that DA functions as a
natural inhibitor of these pathways.

Regarding the role of various CDKIs, published
evidence suggests sequestering of p21¢Pwafl and
p27¥PL via the physiologically relevant non-catalytic
function of cyclin D1-CDK4/CDK6 complex. 33941
Thus, increased p21 expression may suggest involve-
ement of its sequestering. In this context, it is also
noteworthy that anti-proliferative and pro-apoptotic
effects of gallic acid involves up-regulation of the p38
mitogen activated protein kinase /p21/p27 axis in the
MDA-MB-231 model,*® and that benzofuran deriva-
tives induce apoptosis via upregulation of p21ciPwafl
in the breast cancer models independent of their p53
status.*

The present cellular model for TNBC represented
by the MDA-MB-231 cell line expresses TP53R28K
gain of function mutation and exhibits enhanced
survival via up-regulated migration and invasion of
the cells, indicating p53 as a putative therapeutic
target.*>*6 CDKI p21 is commonly associated with the
tumor suppressive function of wild type p53. Thus,
up-regulation of p21°Pafl hy DA in p53 mutant
MDA-MB-231 cells is intriguing. However, up-
regulation of p21°P™afl jn TNBC models by Gallic
acid,* and benzofuran,* suggests that similar to these
agents, DA may also function independently of mut-
ant p53. Consistent with this interpretation, the natur-
ally occurring quinone, pB-lapachone exhibits growth
inhibitory efficacy via inhibition of RB phosphor-
rilation and upregulation of p21¢P"af jndependent of
p53 status in human prostate cancer cells.*” Collec-
tively, these lines of evidence provide a plausible
interpretation of the present data and may identify
additional functional leads for the efficacy of DA.

Small molecule inhibitors for CDKA4/6 in
combination with aromatase inhibitors have provided
evidence for clinical efficacy in estrogen receptor
positive, human epidermal growth factor receptor
negative advanced breast cancer.®®%° In addition,
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recent evidence has demonstrated the efficacy of
CDKA4/6 inhibitor palbociclib (brand name Ibrance,
Pfizer) in cellular models for TNBC,*! and expression
of EGFR and RB has been associated with enhanced
efficacy of a combination of EGFR inhibitor Erlotinib
and CDK4/6 inhibitor palbociclib in TNBC.%?
Another CDK4/6 inhibitor, ribociclib (brand name
Kisgali, Novartis) exhibits anti-proliferative and pro-
apoptotic effects on the MDA-MB-231 model by
inhibiting the CDK4/6-cyclinD-RB-E2F pathway,*
and CDK4/6 inhibition in combination with PI3Ka
inhibition significantly increases cell cycle arrest and
cellular apoptosis in several TNBC models.>* How-
ever, acquired resistance to CDK4/6 inhibitors,
emphasizes identification of therapeutic alternatives.
In this context, DA mediated inhibition of CDK4/6 in
the present study identifies a novel mechanistic link
for its efficacy in TNBC.

CONCLUSION

In conclusion, the present data have provided
evidence for growth inhibitory efficacy of DA
functioning via RAS, PI3K, AKT and RB signaling
pathways in the present model for TNBC. In this
context, it is conceivable that the non-fractionated
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