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Abstract. Background/Aim: Triple-negative breast cancer
(TNBC) can be characterized as the deadliest breast cancer
type considering the lack of efficacious therapeutics.
Recombinant human tumor necrosis factor-related apoptosis-
inducing ligand (rhTRAIL) is an encouraging anti-cancer
therapeutic with the capacity to induce apoptosis in cancer
cells but there are TNBCs less susceptible to rhTRAIL. The
aim of this study was to assess the potential of the natural
product ursolic acid (UA) to sensitize of rhTRAIL-resistant
TNBCs. Materials and Methods: In order to evaluate
apoptosis induction in rhTRAIL and UA-treated TNBC BT-
20 and HCC1937 cells that are resistant to rhTRAIL, western
blot analysis and Annexin V/PI assays were executed.
Results: UA increased the expression of death receptors 4
and 5 and decreased the expression of c-FLIPy
transcriptionally sensitizing rhTRAIL-resistant TNBC cells
to apoptosis induced by rhTRAIL. Conclusion: UA is a
possible potent sensitizer of rhTRAIL-resistant TNBCs to
rhTRAIL-induced apoptosis.

The most severe type of breast carcinomas often resulting
in a poor prognosis are triple-negative breast cancers
(TNBCs) (1). This highlights the priority for the
development and application of multi-targeted and
molecular-oriented therapies that are more effective and
safer in these troublesome TNBCs in comparison to
traditional chemotherapy and radiation therapy. TNBCs are
very aggressive and difficult to treat using common anti-
breast cancer therapies such as hormone-targeted therapies,
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because these breast cancers lack the expression of human
epidermal growth factor receptor-2 (HER2), estrogen
receptor (ER), and progesterone receptor (PR). Therefore, it
is imperative to produce hormone-independent targeted
therapies (1).

Recombinant human tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (thTRAIL), the optimized form of
the endogenous death ligand TRAIL, is a compelling, well-
studied anti-cancer therapeutic (1-5). rhTRAIL is not toxic
to normal, non-transformed cells, but maintains its ability to
induce apoptosis in cancer cells (1-5). thTRAIL induces
apoptosis via the extrinsic pathway by triggering
trimerization of death receptors (DRs) 4 and 5 and
facilitating the activation of apoptotic associated proteins
caspase 8, executioner caspases 3, 6, and 7 along with
pivotal poly (ADP-ribose) polymerase or PARP cleavage (6).
Nonetheless, certain studies have shown a variable response
of the majority of breast cancer cells to thTRAIL treatment
due to up-regulation of anti-apoptotic proteins such as c-
FLIP; and down-regulation of DRs. rthTRAIL phase I
clinical trials have been carried out but were discontinued
due to inadequate therapeutic effect (1). Consequently,
researchers have focused on developing and implementing
divergent methods with co-treatments to overcome resistance
to apoptosis through ascertaining capacities of different
therapeutic agents derived from “mother nature” to enhance
apoptosis induced by thTRAIL in cancers that are resistant
to thTRAIL (7-16).

In our previous studies, the ability of “mother nature”-
derived compounds Quercetin (Q) and silibinin to sensitize
cancers resistant to thTRAIL to apoptosis induced by
rhTRAIL has been demonstrated (7, 8, 17). Q enhanced DR4
and DRS5 expression in rhTRAIL-resistant malignant
melanoma, and DRS5 expression in thTRAIL-resistant TNBC.
The long form of c¢-FLIP (c-FLIP; ) was degraded following
treatment of rhTRAIL-resistant malignant melanoma and
breast carcinoma with Q. Silibinin boosted expression of
DR4 and DRS and stimulated survivin down-regulation in
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rhTRAIL-resistant TNBCs. Thus, this evidence supports
further studies that will examine other combinations of
“mother nature”-derived compounds and rhTRAIL to treat
rhTRAIL-resistant cancers.

One potential therapeutic agent of interest is ursolic acid
(UA) that is extracted from the leaves and berries of
various plants along with the coatings of fruits (18-20).
UA can be consumed as a dietary supplement (18, 21). UA
had an anti-cancer effect in breast, colon, prostate,
hepatocellular, lung, and ovarian cancers (20-23). In vitro,
UA stimulated apoptosis in breast, hepatocellular, and
prostate cancers through the proper execution of both the
extrinsic pathway and intrinsic pathway ending in PARP
cleavage (characteristic hallmark of apoptosis) (19, 21, 24,
25). In prostate, gastric, and colorectal cancers UA induced
apoptosis by increasing DRS5 expression and decreasing
survivin and Bcl-2 expression (21, 22, 25, 26). In vivo, UA
decreased the growth of prostate and colorectal xenografts
(20, 22). Previous studies have shown that UA does not
impact non-tumorigenic, breast epithelial MCF-10A cell
growth (27). Thus, UA warrants in-depth investigation as
a potential sensitizer of TNBCs that are resistant to
rhTRAIL.

Co-treatment with UA resulted in the sensitization of
TNBC BT-20 and HCC1937 cells that are rhTRAIL-
resistant. UA promoted the up-regulation of DRs along with
c-FLIP; down-regulation facilitating the extrinsic pathway
of apoptosis.

Materials and Methods

Drugs and chemicals. thTRAIL was developed in accordance with
earlier described methods (3-5). UA (molecular weight of 456.7 g/mol,
Sigma, Milwaukee, WI, USA.) was dissolved in Polyethylene Glycol
(PEG) molecular weight 400 (Fisher Scientific, Pittsburgh, PA, USA)
at 10 mg/ml.

Cell culture. Human breast cancer HCC1937 cells (ATCC CRL-
2336, Manassas, VA, USA), human breast cancer BT-20 cells
(ATCC HTB-19, Manassas, VA, USA), and human non-tumorigenic
breast epithelial MCF-10A cells (ATCC CRL-10317, Manassas, VA,
USA) were cultured and treated with drugs for 72 h time periods
and analyzed using the different assays described in this method
section (7, 8).

Annexin V/PI assays-flow cytometry. Apoptosis was detected and
examined as detailed in previous studies’ protocols (7, 8).

Assessment of proteins associated with apoptosis. Cells were
harvested and total cell lysates were prepared according to
previously published protocols (7, 8). Western blot analysis was
performed as described in previous studies’ protocols using the
primary antibodies: anti-PARP, anti-caspase 3, anti-cleaved caspase
3, anti-caspase 8, anti-cleaved caspase 8, anti-DR4, and anti-DR5
(Cell Signaling Technology, Danvers, MD, USA), or anti-FLIP
(Enzo Life Sciences, Farmingdale, NY, USA) (7, 8).
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Flow cytometry analysis of DR4 and DRS5 expression. Anti-DR4-
PE, anti-DR5-PE or isotype control mouse IgGl kappa
(eBioscience, Pittsburgh, PA, USA) were incubated with prepared
cells in accordance to previously published protocols (7, 8). The
isotype control is necessary for compensation of any non-specific
binding. The expression of DR4 and DR5 was assessed on BD
FACSCanto II flow cytometer.

Reverse Transcription-PCR analysis. Reverse transcription
polymerase chain reaction (RT-PCR) was executed with primers for
human DR5, human DR4, c-FLIP;, and f-actin according to
established protocols (7, 8).

Statistical analysis. Statistical analysis was performed using
Student’s z-test. p-Values less than 0.05 indicated statistically
significant differences.

Results

Detecting rhTRAIL-induced apoptosis through FACS
analysis. To determine UA’s contribution to promoting
apoptosis induced by rhTRAIL in TNBC cells, FACS
analysis was carried out in TNBC cells treated for 72 h with
25 or 50 pM UA in the presence or absence of 100 ng/ml
rhTRAIL (Figure 1). thTRAIL treatment (100 ng/ml) did not
yield a considerable number of apoptotic TNBC cells relative
to the vehicle-treated control (p>0.05). UA potentiated
rhTRAIL-induced apoptosis in TNBC BT-20 and HCC1937
cell lines. For instance, UA-treated (50 uM) BT-20 and
HCC1937 cells yielded on average about 20% and 15%
apoptotic cells, respectively (p<0.05); meanwhile, the
combined treatment of TNBC cells with 100 ng/ml thTRAIL
and 50 uM UA produced on average about 30% apoptotic
cells (p<0.05).

Examining the execution of apoptosis. For the adequate
apoptotic signal transduction, the execution of the caspase
cascade is central, so the pathway of apoptosis was investigated
by examining the expression levels of apoptotic associated
proteins through western blot analysis. TNBC cells were
treated with UA (25 or 50 uM) and rhTRAIL (100 ng/ml) or
rhTRAIL alone for 72 h. The levels of expression for various
apoptotic proteins cleaved PARP, caspase 3, and caspase 8
were ascertained; the combination treatments of UA and
rhTRAIL augmented pro-apoptotic associated proteins (Figure
2). These findings affirm that the co-treatment of UA and
rhTRAIL induced apoptosis by activating the extrinsic pathway
as illustrated by PARP cleavage, caspase 8 activation, and
caspase 3 activation. Moreover, it is noteworthy that PARP
cleavage was not observed in TNBC cells treated with
rhTRAIL in agreement with evidence obtained by other
investigators that BT-20 and HCC1937 cells are thTRAIL-
resistant (28). Also, in a study, non-tumorigenic breast
epithelial MCF-10A cell proliferation was not influenced by
UA, and in another study by TRAIL, which further supports
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Figure 1. UA augmented apoptosis induced by rhTRAIL in TNBCs. TNBC cells treated with UA with and without 100 ng/ml rhTRAIL over a 72-h
period. (A) The displayed plots obtained from FACS analysis, Annexin V=/PI*-dead cells are depicted in the left top quadrants, Annexin V-/PI--
viable cells are depicted in the left bottom quadrants, Annexin V*/PI—-early apoptotic cells are depicted in the right bottom quadrants, and Annexin
V*+/PI*-late apoptotic, dead cells are depicted in the right top quadrants. Bar graphs (B) BT-20 and (C) HCC1937 illustrate the mean total
percentage of apoptotic cells (Annexin V* cells)+SEM derived from three independent experiments performed in triplicate (n=9). * represents

p<0.05.
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Figure 2. UA and rhTRAIL facilitate apoptosis by the extrinsic pathway. Co-treated TNBC (A) BT-20 and (B) HCC1937 cells were sensitized to
rhTRAIL-induced apoptosis, as demonstrated by caspase 8 activation, caspase 3 activation, and PARP cleavage.

the proposal that the combinatorial therapeutic approach of UA
and rhTRAIL influences only breast cancer cells and not
normal, non-tumorigenic breast cells (29, 30). By taking the
data compiled from western blot analysis (Figure 2) in
association with the data compiled from FACS analyses
(Figure 1), it is concluded that UA demonstrates the capability
to intensify apoptosis induced by rhTRAIL in TNBC:s that are
rhTRAIL-resistant through the promotion of apoptosis via the
extrinsic pathway.

UA’s influence on the expression of DR4 and DRS. Flow
cytometry and western blot analyses were carried out to
identify UA’s ability to impact protein and cell surface
expression of DR4 and DRS5 in TNBCs. The 72-h incubation
period was selected following the completion of preliminary
assays that determined UA’s influence on the expression of
DRs and c-FLIP; occurred following 72 h incubation. UA
significantly increased TNBC cells’ DRS protein expression
in a dose-dependent manner (p<0.05); also, UA significantly
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Figure 3. UA-treated cells’ expression of DR4 and DRS5. Protein levels of DR4 and DR5 (mature form) were determined in (A) BT-20 cells and (B)
HCC1937; UA boosted DR4 and DR5 expression in TNBCs following 72 h of treatment in a dose-dependent manner. (C) Protein levels of DR4 and
DRS5 (mature form) were examined in UA-treated MCF-10A cells, and expression of DRs was not changed. Flow cytometry analysis of cell surface
expression of DR4 and DRS in (D) BT-20 and (E) HCC1937 cells treated with UA; the bar graphs illustrate the mean fold increase in the cell
surface expressions of DR4 or DRS relative to the vehicle-treated control +SEM from three independent experiments performed in triplicate (n=9).

* represents p<0.05.

increased DR4 protein expression in TNBC cells (p<0.05)
(Figures 3A and 3B). Cell surface expressions of DR4 and
DRS in UA -treated TNBC cells were assessed via FACS
analyses (Figure 3D and E) and were in agreement with the
heightened TNBC cell protein expression of DRs. The
expression of DRs were not changed in MCF-10A cells
following incubation with UA for 72 h, (Figure 3C). UA
stimulated DR4 and DRS5 up-regulation in TNBC cells; the
enhanced DRs’ expression further verifies the role of UA in
increasing the sensitiveness of TNBCs to thTRAIL.

c-FLIP; expression change due to UA. On the basis of the
results demonstrating UA’s capability to assist in elevating
expression of caspase 8, UA’s effect on c-FLIP (caspase 8
inhibitor) expression was investigated. Findings obtained
from western blot analysis (Figure 4A) establish that UA
dose-dependently diminished the expression of c-FLIP| in
TNBC cells after 72 h of incubation.

RT-PCR analyses of DRs and c-FLIP;. RT-PCR analyses

were performed with B-actin as a positive control to examine
the potential transcriptional effects of UA on DR4, DRS, c-
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FLIP;. The results show that DR4 and DR5 mRNA
expressions were increased in UA-treated TNBC cells
(Figure 4B). In addition, c-FLIP; mRNA expression was
decreased transcriptionally in TNBC cells. Thus, UA’s
molecular mechanism for DR4 and DRS up-regulation along
with c-FLIP; down-regulation is transcriptionally controlled.

Discussion

One of the commonly diagnosed cancers in women is breast
cancer, so it is essential that multi-targeted and effective
therapies are developed to deter a poor prognosis especially
in TNBCs. A preferred mechanism of therapies for breast
cancers is the induction of apoptosis. The conventional
treatment methods of chemotherapy and radiation are
administered to induce apoptosis and treat breast cancer, but
the long-term application of these treatments usually worsen
patients’ conditions. Chemotherapy and radiation require a
functional, non-mutated 7P53 gene for the absolute activation
of apoptosis through the intrinsic pathway. On the contrary,
rhTRAIL does not need a functional p53 gene to activate the
extrinsic pathway of apoptosis. Therefore, thTRAIL is of
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Figure 4. UA transcriptionally controls c-FLIP; down-regulation and DRs up-regulation. (A) Western blot analysis showing that UA decreased the
expression of c-FLIPy in TNBC cells in a dose-dependent manner. (B) RT-PCR was executed with 3-actin as a positive control in UA-treated (72 h)
BT-20 and HCC1937 cells. UA diminished c-FLIP; mRNA expression in TNBC cells and boosted DR4 and DR5 mRNA expression in TNBC cells.

interest as an anti-cancer therapy over traditional
chemotherapy and radiation because there are many cancers
that possess a mutated or nonfunctional p53 gene hindering
this therapeutic strategy’s effectiveness and can often result
in worsening the condition of patients due to negative side
effects (1-4, 31, 32). Investigations have focused on applying
additional compounds, including “mother-nature”-derived
compounds, to enhance thTRAIL’s pro-apoptotic effects in an
array of cancer cells including breast cancer cells (7-16, 33-
35). Our laboratory has specifically examined the impact of
quercetin in breast cancer and malignant melanoma and
silibinin in breast cancer to sensitize cancer cells resistant to
rhTRAIL (7, 8, 17). The natural compound UA is a
triterpenoid, and it should be noted that other laboratories
have studied the positive impact of synthetic triterpenoids in
combination with TRAIL on cancer cells in vitro and in vivo
(33-35). Accordingly, this study’s main objective was to apply
rhTRAIL in conjunction with the natural compound UA as a
strategy to treat TNBCs.

In order to appraise the TNBC cells’ reactions to the co-
treatment of UA and rhTRAIL, apoptosis detection assays
and western blot analysis were carried out. Noteworthy, the
effect of UA and rhTRAIL has not been examined in TNBC
cells. Data were collected from both assessments, and it
was deduced that UA intensified apoptosis induced by
rhTRAIL in TNBC cells by activating the extrinsic pathway
as illustrated by increased PARP cleavage, caspase 8
activation, and executioner caspase 3 activation. Based on
these findings, UA’s sensitization mechanism had to be
elucidated.

Some researchers have hypothesized that there is a
deficiency of DR4 and DRS5 expression preventing the
extrinsic pathway of apoptosis being executed fully via
rhTRAIL treatment (36, 37). Hence, through western blot
and FACS analyses on UA-treated TNBC cells, DR4 and

DRS protein cellular and cell surface expression levels were
investigated. The culminated data revealed that UA prompted
increased expression of DR4 and DRS5 in BT-20 and
HCC1937 cells. UA treatment did not affect the expression
of DRs in MCF-10A cells. Thus, UA’s ability to up-regulate
the expression of DRs is recognized in breast cancer cells
but not in normal, non-transformed breast cells.

Following this outcome, the underlying molecular
mechanism for UA’s sensitizing effects was further examined
through RT-PCR analysis. DR4 and DRS5 were
transcriptionally up-regulated by UA, and c-FLIP; was
transcriptionally down-regulated.

UA sensitizes TNBC cells to treatment with thTRAIL by
inducing expression of DRs and diminishing expression of
c-FLIP; and thus promoting apoptosis. Therefore, UA is a
compelling sensitizer for TNBCs that are resistant to
rhTRAIL and strongly justifies more investigation in vivo.
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