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SHO003 selectively induces p73-dependent apoptosis
in triple-negative breast cancer cells
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Abstract. Triple-negative breast cancer (TNBC) is a breast
cancer subtype that has an aggressive phenotype, is highly
metastatic, has limited treatment options and is associated with
a poor prognosis. In addition, metastatic TNBC has no preferred
standard chemotherapy due to resistance to anthracyclines and
taxanes. The present study demonstrated that a herbal extract,
SHO003, reduced cell viability and induced apoptosis in TNBC
without cell cytotoxicity. Cell viability was examined using
trypan blue exclusion and colony formation assays, which
revealed a decrease in the cell viability. Additionally, apoptosis
was determined using flow cytometry and a sub-Gl assay,
which revealed an increase in the proportion of cells in the
sub-Gl1 phase. The present study investigated the anticancer
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effect of SHOO3 in the Hs578T, MDA-MB-231 and ZR-751
TNBC cell lines, and in the MCF7 and T47D non-TNBC cell
lines. Western blot analysis revealed that the expression levels of
poly-ADP-ribose polymerase (PARP) cleavage protein in cells
treated with SHOO3 were increased dose-dependent manner,
indicating that SHOO3 induced apoptosis via a caspase-depen-
dent pathway. Pre-treatment with the caspase inhibitor Z-VAD
reduced SHOO3-induced apoptosis was examined using trypan
blue exclusion. Moreover, SHOO3 treatment enhanced the p73
levels in MDA-MB-231 cells but not in MCF7 cells. Transfection
of p73 small interfering RNA (siRNA) in MDA-MBO0231 cells
revealed that the apoptotic cell death induced by SHO03 was
significantly impaired in comparison with scramble siRNA
transfected MDA-MB-231 cells. This was examined using
trypan blue exclusion and flow cytometry analysis (sub-Gl). In
addition, SHOO3 and paclitaxel exhibited synergistic anticancer
effects on TNBC cells. The results indicate that SHOO3 exerts its
anticancer effect via p73 protein induction and exhibits syner-
gistic anticancer effects when combined with paclitaxel.

Introduction

Triple-negative breast cancer (TNBC) is one of the most
common types of malignant tumors in women worldwide and
is now the third leading cause of cancer-related mortality (1).
TNBC is characterized by the absence of estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth factor
receptor 2 (HER?2) (2). Thus, TNBC patients do not benefit from
commonly used anti-estrogen and -herceptin-based therapies (3).
In addition, patients with TNBC have been reported to have a
poorer survival rate, and recurrence and distant metastases
occurs more frequently than in patients with other types of breast
cancer (4). Recent studies have revealed that TNBC comprises a
heterogeneous group of tumors encompassing several molecular
subtypes, such as luminal A, luminal B, HER2-enriched,
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claudin-low and basal-like tumors (5-7). Approximately 62% of
basal-like TNBC and 43% of non-basal-like TNBC exhibit muta-
tions in the tumor suppressor p5S3 (MTp53). The majority of p53
mutations observed in the tumor are loss-of-function mutations;
however, some patients have been shown to exhibit oncogenic
gain-of-function mutations. Therefore, targeting p53 may be less
effective in TNBC treatment (8). Thus, successful treatment of
p53-mutant TNBCs remains challenging. Doxorubicin (DOXO)
and cisplatin (CDDP) are common treatment options for TNBC.
However, acquired resistance and toxicity against these drugs
eventually occurs, preventing effective treatment (9). Thus,
novel therapies that overcome drug resistance and toxicity in
p53-mutant TNBC cases are urgently required.

p73 is a member of the p53 gene family and has been shown
to regulate p53 target genes in p53-deficient cancer cells (10).
In contrast to p53, p73 is rarely mutated or lost in cancer (11).
p53 deficient cancers are partly resistant to chemotherapy;
however, not completely chemo-resistant. As p53 deficient
cancers have other types of p53 family members such as p73,
they may be able to replace the function of p53 in response
to DNA damage (12). Therefore, identifying anticancer
agents that can activate p73 may provide a chemotherapeutic
approach for treating drug-resistant pS3-mutant cancers.
Recently, nonhydrolyzable ether analog of RRR-a-tocopherol
in combination with DOXO or CDDP has been reported
to target pS3-mediated genes in a p73-dependent manner,
enhancing the apoptosis of TNBC cells (9).

Traditional herbal medicines have recently been revisited
for cancer therapy as herbal extracts or mixtures based on
traditional medicines have exhibited anticancer effects with
no or fewer side effects compared with current anticancer
therapeutics, including chemical compounds and targeted
antibodies (13). Previous studies have demonstrated the
anticancer effects of herbal extracts from Astragalus membra-
naceus (Am), Angelica gigas (Ag) and Trichosanthes kirilowii
Maximowicz (Tk) in different cancer cell types, such as
leukemia, hepatocellular carcinoma, colon cancer, non-small
cell lung cancer and gastric cancer cells (14-19). Furthermore,
extracts from a mixture of Am and Ag have been shown to
affect various diseases, including hematological diseases and
endocrine disorders (20-22).

The present study demonstrated that SHOO3 extracted from
a herbal mixture (Am, Ag and Tk) exhibited anticancer effects
on TNBC via activation of the p73 pathway. Thus, SHO03 may
be useful for the treatment of TNBC.

Materials and methods

Cell culture and reagents. Established Hs578 T, MDA-MB-231,
ZR-75-1, MCF7 and T47D human breast cancer cell lines
were purchased from the American Type Culture Collection
(Manassas, VA, USA). All cell lines were maintained in
RPMI-1640 medium (Gibco, Thermo Fisher Scientific Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco, Thermo Fisher Scientific Inc.), 100 units of
penicillin and 100 gl/ml streptomycin. All cells were cultured
in a 5% CO, incubator at 37°C. SHO03 was extracted from
Am, Ag or Tk, which were provided by Dr S.G. Ko (College of
Korean Medicine, University of Kyung Hee, Seoul, Korea) as
previously described (23).
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Cell viability and cell death analysis. Cells (2x10° cells per
plate) were seeded in a 60-mm plate and treated with various
concentrations of SHO03 (50, 100 or 200 pg/ml) for 48 h. Cell
viability and cell death were assessed using a trypan blue exclu-
sion method. Cell pellet was harvested and resuspend in 1 ml of
phosphate-buffered saline (PBS). A total of 10 ul 0.4% trypan
blue was gently mixed with 10 ul cell suspension. The mixture
was applied to a hemocytometer and the number of trypan blue
stained and non-stained cells were counted under a light micro-
scope. The percentage of viable cells was calculated.

Colony formation assay. Cells were seeded at a density of
3x10? cells per well in a 6-well plate and were treated with
various concentrations of SHO03 (50, 100 or 200 pug/ml) for
24 h. The cells were cultured for 14 days and colonies were
fixed with 4% paraformaldehyde and stained with a 0.01%
crystal violet. Colony counts were performed manually using
a light microscope and images of each plate were obtained.

RNA interference. Cells were transiently transfected with
small interfering (si)RNA using the Lipofectamine RNAi
MAX reagent (Invitrogen, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) according to the manufacturer's protocol.
The siRNA sequence for transfection was p73-siRNA, 5-GCA
AUAAUCUCUCGCAGUAUU-3" and scramble-siRNA,
5-GGACUCUCGGAUUGUAAGAUU-3'

Western blot analysis. Cell lysates were prepared with radioim-
munoprecipitation assay (RIPA) lysis buffer (50 mM Tris-HCI,
pH 7.5; 50 mM NaCl, 1 uM EGTA and 1% Triton X-100)
containing a protease inhibitor cocktail. Protein concentrations
in extracts were determined using a Bradford assay (Bio Rad
Laboratories, Inc., Hercules, CA, USA). Total cellular proteins
(20 ug) were subjected to 10-15% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and transferred to polyvinylidene
difluoride membranes. The membranes were blocked with
5% non-fat dry milk in Tris-buffered saline with Tween-20
(TBST) buffer (20 mM Tris-HCI, pH 7.4, 150 mM NacCl, 0.1%
Tween-20) and probed with anti-poly ADP ribose polymerase
(PARP; cat. no. 9542; 1:1,000), anti-p73 (cat. no. 14620; 1:1,000),
anti-caspase 3 (cat. no. 9661; 1:1000; Cell Signaling Technology,
Beverly, MA, USA) or anti-f3-actin (cat. no. sc-47778; 1:2,000;
Santa Cruz Biotechnology Inc., Dallas, TX, USA) primary
antibodies at 4°C overnight. Subsequently, the membranes
were washed three times with TBST. Primary antibodies were
detected following 2 h incubation at room temperature with a
horseradish peroxidase-conjugated anti-mouse (cat. no. 7076;
1:2,000) or anti-rabbit secondary antibody (cat. no. 7074;
1:2,000; Cell Signaling Technology, Danvers, MA, USA). Blots
were developed with an enhanced chemiluminescence detection
kit (Amersham, Buckinghamshire, UK).

Cell cycle analysis. In total, 3x10? cells harvested by trypsin-
ization were fixed in 1 ml of cold 70% ethanol for 24 h at -20°C.
After washing cell pellets with 1 ml PBS, pellets were centri-
fuged at 300 x g for 5 min, discarded supernatant, resuspended
in 1 ml staining solution (50 pg/ml propidium iodide, 50 xg/ml
RNase and 0.1% Triton X 100 in citrate buffer, pH 7.8), incu-
bated for 30 min and washed with PBS. Cell cycle distribution
was analyzed using a FACSCalibur fluorescence-activated cell
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Figure 1. SHOO3 selectively inhibits the cell viability of TNBC cells. (A) TNBC cell lines (Hs578T, MDA-MB231 and ZR-75-1) and non-TNBC cell lines
(MCF-7 and T47D) were treated with the indicated concentrations of SHO03, and their cell numbers were assessed by a trypan blue exclusion assay. Data
are presented as the mean + standard deviation (n=6). "P<0.05 and “P<0.01, compared with the untreated cells. (B) MDA-MB-231 and MCF-7 cells were
pre-treated with the indicated concentrations of SHOO3 for 24 h. After incubation for 15 days, colonies with >50 cells were counted. Data are presented as the
mean =+ standard deviation (n=3). "P<0.005 compared with the non-treated cells. TNBC, triple-negative breast cancer.

sorter and CellQuest version 3.0 software (BD Biosciences,
San Jose, CA, USA).

Statistical analysis. SPSS version 22.0 (SPSS, Inc., Chicago,
IL, USA) was used to perform statistical analysis. Data are
presented as the mean + standard deviation and multiple
comparisons were conducted using one-way analysis of vari-
ance followed by Newman-Keuls post-hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

SHOO03 selectively inhibits the cell viability of TNBC cells.
The viability of two breast cancer cell types, TNBC (Hs578T,
MDA-MB-231 and ZR-75-1) and non-TNBC (MCF7 and T47D)
was determined following exposure to SH003. Cells were
treated with various concentrations (50, 100 and 200 pg/ml) of
SHO03. A significant decrease in cell viability was observed
in TNBC cells (P<0.05 for the 100 yxg/ml group and P<0.01
for the 200 pg/ml group compared with the untreated cells)
but not in non-TNBC cells (Fig. 1A). MDA-MB-231 cells were
further used as the cells showed the most effectively reduced
cell viability in a dose-dependent manner. Additionally, colony
formation analyses revealed a significant decrease in the
number of MDA-MB-231 (TNBC) cells treated with SHO03

but not MCF-7 (non-TNBC) cells (Fig. 1B; P<0.005 compared
with the untreated cells). These results indicate that SHO03
selectively decreases TNBC cell viability.

SHO0O03 induces caspase-dependent cell death in TNBC cells.
The effect of SHOO3 on cell death in MDA-MB-231 cells was
determined using flow cytometry. A significant increase in the
number of cells at the sub-Gl1 phase was observed following
SHO03 treatment (50, 100 and 200 pg/ml) (Fig. 2A) (P<0.05
and P<0.01 compared with the untreated cells). Apoptotic
cell death and PARP cleavage in response to SHOO3 treat-
ment were assessed in MDA-MB-231 cells using western blot
analysis. The expression levels of cleaved PARP increased
significantly in a dose-dependent manner compared with the
untreated cells (P<0.05; Fig. 2B). SHOO03-induced apoptosis
after pre-treatment with a pan-caspase inhibitor, Z-VAD was
then examined. Pre-treatment with Z-VAD partially decreased
the MDA-MB-231 cell death and levels of cleaved PARP
induced by SH003 (Fig. 2C; P<0.05 compared with cells
treated with SHOO3 only). Thus, SHOO3-induced cell death is
partially caspase-dependent in TNBC cells.

Induction of p73 expression by SHOO3 leads to apoptosis in
TNBC. A previous study indicated that p73 expression may
prevent drug resistance and toxicity in p53-mutant TNBC (8).
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Figure 2. SHOO3 induces caspase-dependent cell death in TNBC. (A) MDA-MB-231 cells treated with the indicated concentrations of SHO03 for 48 h and
analyzed by flow cytometry after staining with propidium iodide. Data are presented as the mean + standard deviation (n=3). "P<0.05 and “P<0.01, compared
with the untreated cells. (B) MDA-MB231 cells were treated with the indicated concentrations of SHOO3 for 48 h. Cell lysates were analyzed by western blot-
ting using an anti-PARP antibody. The B-actin level was used as a loading control. (C) MDA-MB-231 cells were pretreated with 100 mM Z-VAD, a pan-caspase
inhibitor, followed by SHO03 (200 ug/ml) for 48 h. Cell death was determined by a trypan blue exclusion assay. Data are presented as the mean + standard
deviation (n=3). "P<0.05, compared with cells treated with SHOO3 only. TNBC, triple-negative breast cancer; PARP, poly ADP ribose polymerase.

It was demonstrated that SHOO3 induced p73-mediated
apoptosis in p53 mutant MDA-MB-231 cells. p73 expression
in MDA-MB-231 cells was observed following treatment
with SHOO3 using western blot analysis. The p73 protein
levels in MDA-MB-231 cells treated with SHOO3 increased
in a dose-dependent manner (Fig. 3A). To confirm that
MDA-MB-231 cell death induced by SHO03 was correlated
with p73, the effect of knockdown of endogenous p73 using
small interfering RNAs in MDA-MB-231 cells was examined.
Cells were transfected with scrambled siRNA or p73 siRNA,
followed by treatment with SHOO3. Transfected p73 siRNA
decreased cell death and PARP cleavage compared with
scrambled siRNA treatment (Fig. 3B; P<0.05 compared with
SHOO03 single-treated scramble cells). Additionally, cell death
was confirmed using flow cytometric analysis. The number
of cells in the sub-G1 phase following SHOO3 treatment was
decreased in the p73 siRNA-transfected cell line compared
with the scrambled siRNA-transfected cell line (Fig. 3C;
P<0.05 compared with SHOO3 single-treated scramble cells).
These results indicated that the induction of p73 expression by
SHOO03 leads to the apoptosis of MDA-MB-231 cells.

SHOO03 sensitizes paclitaxel-induced MDA-MB-231 cell
death. Paclitaxel (taxane) is a commonly used treatment in
conjunction with other anticancer agents for TNBC; however,
paclitaxel treatment occasionally fails due to drug resistance.

It was demonstrated that SHOO3 in combination with paclitaxel
synergistically increases cell death in TNBC cell compared
with individual treatments (Fig. 4A; P<0.05 compared with
cells treated with SHOO3 or paclitaxel only). Western blot
analyses indicated that SHOO3 in combination with paclitaxel
increased the levels of cleaved caspase-3 in MDA-MB-231
cells but did not alter p73 expression (Fig. 4B). These results
indicate that SHOO3 in combination with paclitaxel synergisti-
cally enhances apoptosis in TNBC cells.

Discussion

TNBC accounts for 10-20% of all types of breast cancer (24).
TNBC is an aggressive histological subtype with limited
treatment conditions and poor prognosis following standard
chemotherapy. The anticancer effects of commonly used
chemotherapeutic agents, such as paclitaxel, doxorubicin
and cisplatin are limited to cure patients with TNBC due to
acquired drug resistance and toxicity (9). The present study
focused on anticancer therapy for TNBC to overcome resis-
tance against conventional therapies.

The present chemotherapeutic agents for TNBC are
DNA-damaging agents (25). In the DNA-damage pathway,
tumor suppressor p53 is important in anticancer actions of
DNA-damaging agents (26). A recent study reported that
regulation of p53-mediated apoptotic signaling occurs in a
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Figure 3. Induction of p73 expression by SHO03 leads to apoptosis in TNBC. (A) MDA-MB231 cells were treated with the indicated concentrations of SHO03
for 48 h. Cell lysates analyzed by western blotting using an anti-p73 antibody. -actin was used as a loading control. (B) MDA-MB231 cells were transfected
with scrambled siRNA or p73 siRNA and then incubated with or without SHO03 (200 pg/ml) for 48 h. Cell death was determined by a trypan blue exclusion
assay. Data are presented as the mean + standard deviation (n=3). Cell lysates analyzed by western blotting using anti-p73 and anti-PARP antibodies. 3-actin
levels were used as loading controls. (C) MDA-MB231 cells were transfected with scrambled siRNA or p73 siRNA, incubated with or without SHO03
(200 peg/ml) for 48 h, and then analyzed by flow cytometry after staining with propidium iodide. Data are presented as the mean + standard deviation (n=2).
“P<0.05 compared with SHOO3-treated scramble cells.

MDA-MB-231
A g- B MDA-MB-231
ol SHO03: - + - +

= L

= 60 4

£ Paclitaxel : - - + +

s

o

g 401 p73

] 1 S

© 20 cleaved

caspase3
o L mim

SHO003 : - + - * B-actin

Paclitaxel : - - + +

Figure 4. SHOO3 sensitizes paclitaxel-induced cell death in MDA-MB-231 cells. MDA-MB-231 cells were treated with SHO03 (100 xg/ml) alone, paclitaxel
(10 #M) alone or a combination of the two for 48 h. (A) Cell death was determined by a trypan blue exclusion assay. Data are presented as the mean =+ standard
deviation (n=3). "P<0.05 compared with SHOO3 or paclitaxel single-treated scramble cells. (B) Cell lysates were analyzed by western blotting using anti-p73
and anti-caspase3 antibodies. 3-actin was used as a loading control.

p73-dependent manner, which results in enhanced apoptosis It is also known that p73 can replace the function of p53 in
in p53-deficient TNBC (9). The functional and structural response to DNA damage in p53-deficient cancers. p73 is not
similarities of p53 and p73 have been previously reported (10).  frequently mutated in cancers and regulates p53 target genes,
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such as Bax and Noxa in p53-deficient cancers (27,28). The
key role of p73 in anti-cancer effects for p53-deficient TNBC
was identified.

Identification and development of traditional herbal medi-
cines has increased due to their potential anticancer effects
and minimal side effects. This study demonstrated that
SHO03 inhibited TNBC growth in a dose-dependent manner.
Treatment with SHOO3 resulted in apoptotic cell death as
shown by increased PARP cleavage, a caspase-dependent
apoptotic marker. In addition, SHOO3-induced apoptosis was
validated after pretreatment with the pan-caspase inhibitor,
Z-VAD, as this partially decreased cell death in MDA-MB-231
cells.

Notably, apoptotic cell death induced by SHO03 was
associated with induction of p73 expression in TNBC. The anti-
cancer effect of SHOO3 was validated upon siRNA-mediated
knockdown of p73. The results showed that knockdown of p73
decreased apoptotic cell death induced by SHOO3 treatment. In
addition, single treatment with paclitaxel did not result in any
specific cell death, while SHOO3 in combination with pacli-
taxel synergistically increased cell death in TNBC. Therefore,
SHO03 in combination chemotherapies may aid in overcoming
resistance to conventional chemotherapies in TNBC.

The apoptotic cell death induced by SHO03 is associated
with p73 expression, which indicates that the anticancer effects
of SHOO03 are induced by p73-dependent apoptosis. This
study showed that SHOO3 induced the expression of p73- and
caspase-dependent apoptosis. Thus, this study revealed that
a traditional herbal medicine, SHO03, has a significant anti-
cancer effect via p73-mediated apoptosis in TNBC cells and
confirmed p73 as a promising therapeutic target for TNBC.
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