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Background: Most breast cancers are estrogen dependent and were sensitive to endocrine ther-
apy, and genistein (GEN) shows strong affinity with human oestrogen receptor beta (ERp).
Purpose: The present study aimed to investigate the anticancer activity of GEN in breast cancer
cell lines that constitutively expressing ERB1 in vitro and in vivo.

Methods: MCF-7/ERB1 and MDA-MB-231/ER1 cell sub-lines were established through
lentiviral infection. Then, cells were treated with increasing concentrations of GEN (10~ mol/I,
1075 mol/l and 10~* mol/l) for 48 h, and cell proliferation, cell cycle analyses were performed
to investigate different biological characteristics of ERB1-overexpressing cell lines. Studies
in vivo were also performed to investigate the effects of dietary GEN on MCF-7/ERB1 and
MDA-MB-231/ERBI cells implanted mice.

Results: Results showed that compared to parental cells, GEN inhibited the proliferation ability
of MCF-7/ER1 cells to a greater extent, especially at high concentrations. MDA-MB-231 cells
were also inhibited by high doses of GEN, but the overexpressed ERB1 did not enhance the
anti-proliferative effect on MDA-MB-231 cells. ERB1 arrested cells in G2/M phase, and GEN
arrested cells in GO/G1, which led to a combinatorial effect on cell cycle blockade. Furthermore,
ERP1 increased the anti-tumour activity of dietary GEN in MCF-7/ERB1 subcutaneous tumour
models. Our data indicated that ERB1 increased the anticancer efficacy of GEN in MCF-7 cells
by affecting cell cycle transition.

Conclusion: As a result, GEN could be a potential therapeutic agent for ER1-positive cancer.
Keywords: breast cancer, estrogen receptor beta 1, genistein, MCF-7 cells, MDA-MB-231 cells,
estrogen receptor alpha

Introduction

Breast cancer is one of the most frequently diagnosed malignant diseases in women.
In spite of the achievements made in the past decades, breast cancer remains a major
public health problem. The US National Cancer Institute has reported that almost
one in eight American women will develop breast cancer during their lifetime.!? The
increased incidence of breast cancer has been observed in recent years, possibly due
to changes in diet and the environment. Most breast cancer cases (~70%) are estrogen
dependent, which were sensitive to endocrine therapy.

Estrogen receptors alpha and beta (ERa and ER), two major estrogen receptors
(ERs), are encoded by separate genes and have differential effects on breast tissues: ERo
improves the growth and proliferation of cancer cells, whereas ER inhibits prolifera-
tion, differentiation, and promotes apoptosis. In most clinical trials, ER 3 expression is
correlated with small tumor size, node negativity, low histological grade, and increased
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disease-free survival (DFS) and overall survival (OS) in
breast cancer.> Because of the drug resistance and severe
side effects of chemotherapys, it is urgent to explore effective
antitumor drugs for the treatment of breast cancer.

Several epidemiological studies strongly support the rela-
tively low incidence and recurrence rate of breast cancer in
Asian populations, who consume a diet high in soy products.®”’
Based on this assumption, several studies have investigated
the anticancer activities of isoflavones. Genistein (GEN), one
of the most studied isoflavones enriched in soy products, was
confirmed to be a potential treatment option against specific
types of breast tumors. However, the mechanisms are still
unclear.'"'? Previous studies have confirmed that GEN can
bind to both o and B subtypes of ERs. Interestingly, GEN
shows 9-10-fold increased affinity for ER3, which counter-
acts the proliferative activity of ERo.."* However, there have
been very few reports regarding the effect of GEN or the
related mechanism on ERB1-positive breast cancer cells.

Therefore, we hypothesized that upregulation of ER[1
could promote the effectiveness of GEN in inhibiting breast
cancer proliferation.

Materials and methods

Cell culture and reagents

The human breast cancer MCF-7 and MDA-MB-231 cell
lines were purchased from State Key Laboratory of Oncology
in Southern China (Sun Yat-sen University Cancer Center,
Guangzhou, People’s Republic of China). Cells were cul-
tured in DMEM containing glucose (4.5 g/L; Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with 10%
FBS (Thermo Fisher Scientific) at 37°C in 5% CO.,.

GEN and 17p-estradiol (E2) were obtained from Sigma-
Aldrich (St Louis, MO, USA). The selective ERP agonist
diaryl propionitrile (DPN) and the selective ER antago-
nist 4-[2-phenyl-5,7-bis(trifluoromethyl)pyrazolo[1,5-a]-
pyrimidin-3-yl]phenol (PHTPP) were purchased from Tocris
Bioscience (Bristol, UK).

Establishment of ERB-positive cell lines

We established breast cancer cells with stable expression of
human ERB1 using the Lentiviral-Packaging HIV Expression
System (GeneCopoeia, Rockville, MD, USA). Plasmids

Table | Primers for ERBI and ERa

containing human ERB1 and control plasmid only containing
enhanced green fluorescence protein (¢GFP) were provided by
GeneCopoeia, and both of them encode eGFP and puromycin
(Puro) reporter proteins (containing a CM V-eGFP-Puro frag-
ment). The lentiviral transfer vectors were cotransfected into
293 T cells (GeneCopoeia) to obtain lentivirus containing
ERP1, and the titer of the virus was determined. The lentivirus
particles were purified and stored at —80°C.

The constructed lentivirus containing ERB1 was applied
to infect parental MCF-7 and MDA-MB-231 cells at an MOI
of 20. The cells were incubated at 37°C, with 5% CO, for
24 hours, and then, stable cell lines were selected by treat-
ment with 0.5 pg/mL Puro for 1 week. The expression of the
eGFP reporter was confirmed with a fluorescence microscope
after infection.

Real-time quantitative PCR

The MCF-7/ERB1 cells, negative control cells (MCF-7/
eGFP), and parental cells (MCF-7) were seeded in 6-well
plates. When cells achieved 100% confluence, total RNA was
isolated with TRIzol (KeyGen Biotech, Nanjing, People’s
Republic of China) and was reverse transcribed using an
iScript kit (Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s instructions. MDA-MB-231
cells were dealt with in the same way. The sequences of
primers for ERB1 and ERo were obtained from the published
literature (Table 1)."* PCR reactions were performed using
an ABI Prism 7700 Sequence Detection System (Perkin-
Elmer Applied Biosystems). The analysis was carried out
in three replicates.

Western blot analyses

Cells were seeded in 6-well plates and treated with
reagent or vehicle for 48 hours. Then the proteins were
extracted using KeyGen Whole Cell Lysis Assays (KeyGen
Biotech). Western blotting was performed using standard
procedures with antibodies to ERo. and ERB1 (1:1,000
diluted; Abcam, Cambridge, MA, USA) or antibodies to
cyclin D1, p21, and B-actin (1:1,000 diluted; Cell Signaling
Technology, Danvers, MA, USA). The secondary antibody
was HRP-goat anti-rabbit IgG (1:5,000 diluted; Thermo
Fisher Scientific). Proteins were detected using ECL kits

Category Forward primer Reverse primer

ERBI 5’-CCTGGCTAACCTCCTGATGCT-3’ 5-CCACATTTTTGCACTTCATGTTG-3’
ERat 5-TGATTGGTCTCGTCTGGCG-3’ 5’-CATGCCCTCTACACATTTTCCC-3’
H-B-actin 5’-GCATGGGTCAGAAGGATTCCT-3’ 5-TCGTCCCAGTTGGTGACGAT-3’

Abbreviations: ERa, estrogen receptor alpha; ERBI, ER beta I.
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(Amersham Life Science, Arlington Heights, IL, USA). The
analysis was carried out in three replicates.

Cell proliferation assay

ERB1-positive cells, negative control cells, and parental cells
were seeded in 96-well plates (2.0x10° cells/well). Complete
medium containing ligands was added the following day,
and the control group was treated with an equal volume of
0.1% ethanol. For the treatment group, the dose of GEN
was increased exponentially (10~° mol/L, 10~ mol/L, and
10~ mol/L). After 48 hours, cell proliferation was mea-
sured using a Cell Counting Kit-8 assay (Dojindo Labora-
tories, Kumamoto, Japan) according to the manufacturer’s
instructions. The analysis was carried out in three replicates.

Flow cytometry

MCF-7 and MDA-MB-231 cells were seeded in a 6-well plate
(5.0x10? cells/well) and cultured with increasing concentra-
tions of GEN (10~° mol/L and 10~* mol/L) or vehicle (0.1%
ethanol). After 48 hours, each group of cells was harvested
and washed with PBS. After centrifugation, the sedimented
cells were resuspended and fixed in 70% ethanol overnight.
A cell cycle detection kit (KeyGen Biotech) was used to
analyze the cell cycle phase distribution. The cells were
centrifuged and resuspended in a cell cycle mix of PBS,
400 pL of PI (50 mg/mL), and 20 puL of Rnase (10 mg/mL).
Cell cycle distribution was analyzed with flow cytometry
software (BD LSR II; BD Biosciences, San Jose, CA, USA).
The analysis was carried out in three replicates.

In vivo experiments

Female 4-week-old athymic nude mice (BALB/c) were
purchased from Vital Rival Laboratories (Beijing, People’s
Republic of China). Mice were acclimated for 7 days and
then were ovariectomized. The animals were maintained in
a climate-controlled room and provided food and water ad
libitum according to the animal experimental guideline set
by the National Institutes of Health Guide for the Care and
Use of Laboratory Animals. All experimental operations
performed on mice were approved by the Institutional Animal
Care and Use Committee of The Third Affiliated Hospital of
Sun Yat-sen University.

The mice were then randomly assigned to four groups
(n=10): MCF-7/ERB1 group, MCF-7/eGFP group, MDA-
MB-231/ER1 group, and MDA-MB-231/eGFP group. The
MCE-7 cells (1x107/site) or MDA-MB-231 cells (1x10%site)
were injected into the left flank on the back of each mice.
In the MCF-7 cell group, a sustained release pellet (obtained
from Innovative Research of America) containing 0.36 mg

of estrogen was implanted in the mice. Once the tumor
volume reached 40 mm?, mice were divided into three
treatment subgroups: control; 100 ppm (parts per million)
GEN; and 1,000 ppm GEN. It is the same in MDA-MB-231
cell group. AIN-93G (American Institute of Nutrition 93
growth, Dyets Inc.) diet was selected as the basic diet for
control mice; mice in the GEN treatment groups were fed
with basic diet containing GEN that was reprocessed by
Guangdong Medical Laboratory Animal Center (Foshan,
People’s Republic of China).

Tumor growth and body weight were monitored every
3 days, and tumor size was calculated using the following
formula: tumor size=width?xlength/2. Observation was termi-
nated on the 30th day after treatment or when the tumor size
reached 1.5 cm? or if the mouse was visibly in pain or unable
to ambulate. Then, they were sacrificed in a CO, chamber,
and all tumors were removed. H&E staining and immunobhis-
tochemical staining (Histostain-plus kit; ZSGB-BIO, Beijing,
People’s Republic of China) with ERoc and ERB1 antibodies
were performed. For ERo and ERB1 analyses, fields in five
nonnecrotic areas of each section were randomly selected and
examined using light microscopy at 200-fold magnification.

Statistical analyses

All statistical analyses were performed using SPSS 22.0
software (IBM, Armonk, NY, USA). Experimental data are
presented as the mean®SE. A paired-sample #-test or one-way
ANOVA was used to evaluate the difference between groups.
P<0.05 was considered statistically significant.

Results
Construction of MCF-7 and MDA-MB-

231 cell lines with increased expression

of ERB

To study the possible roles that ERB1 may play in breast
cancer proliferation, we established breast cancer cell lines
that constitutively express human ERB1 through lentiviral
infection. The expression of an eGFP reporter was confirmed
using a fluorescence microscope. Strong green fluorescence
was observed in the transfected cells, and more than 90% of
the cells were eGFP-positive (Figure 1A).

ERPB1 and ERo. RNA expression levels of parental and
transfected cells were detected using real-time PCR. Stable
overexpression of ERB1 was detected in MCF-7/ERB1 and
MDA-MB-231/ERB1 cells. MCF-7 was considered as high
ERoVER ratio cell line and MDA-MB-231 as ERo-negative,
and the ERP level in MDA-MB-231 was low. The levels of
ERo were consistent with the previous research ignoring
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Figure | Establishment and identification of stable ERB | -expressing subcell lines.

Notes: (A) ERBI and negative control-containing lentiviruses were successfully transfected into MCF-7 and MDA-MB-231 cell lines. The expression of an eGFP reporter
was confirmed with a fluorescence microscopy (200x). (B) Stable overexpression of ERB| mRNA was detected in MCF-7/ERB| and MDA-MB-231/ERB| cells using real-time
quantitative PCR. *P<<0.05 vs control groups in respective cell line. (C) Detection of ERBI and ERa. protein in parental and transfected cells; stable overexpression of ERBI

was observed in MCF-7/ERB | and MDA-MB-231/ERBI cells.

Abbreviations: eGFP, enhanced green fluorescence protein; ER0, estrogen receptor alpha; ERBI, ER beta I.

the PCR background in Figure 1B."> The mRNA levels of
ERP1 in MCF-7/ERB1 and MDA-MB-231/ERPI cells were
increased by 3.3 and 12.9 times, respectively, compared with
parental cells (Figure 1B).

Western blot analyses also revealed that the expres-
sion of ERB1 was significantly increased in MCF-7/ERB1
and MDA-MB-231/ERp1 cells compared to MCF-7/eGFP
and MDA-MB-231/eGFP cells or parental cells, which
was consistent with the results shown in Figure 1B and C.
In summary, we successfully created subcell lines of MCF-7
and MDA-MB-231 cells that stably overexpress ERB1.

Ligand-induced effects on ERB

To investigate whether the ERB1 stably expressed in MCF-7/
ERB1 and MDA-MB-231/ERP1 cells was functional, these
cells and control cells of both cell lines were treated with
1 nM E2 (an ER-selective antagonist), 1 nM DPN (an ERB-
selective agonist), and 1 UM PHTPP (an ERp-selective
antagonist), respectively. We noted that the proliferation of

cells with increased ERB1 expression could be stimulated by
DPN and inhibited by PHTPP. However, E2 only inhibited
the proliferation of MCF-7/ER1 cells and had no influence
on MDA-MB-231/ERB1 cells, which may be the reason of
different activity or affinity in both the cell lines. (Figure 2A).
Overall, these data indicated that ERB1 in transfected cells
was functionally responsive to ligand.

ERBI-overexpressing cell lines were

more sensitive to GEN

We treated MCF-7/ER31, MDA-MB-231/ERP1, negative
control, and parental cells with increasing concentrations
of GEN, and cell proliferation was analyzed after 48 hours.
A high dose of GEN inhibited the proliferation of all sublines
of MDA-MB-231 and MCF-7 cells (Figure 2B). Significant
inhibition of cell proliferation was also observed in MCF-7/
ERP1 cells even at low concentration. Besides, a high con-
centration of GEN could suppress proliferation of MCF-7
cells to a greater extent when ERPB1 was overexpressed
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Figure 2 Cell proliferation studies using CCK-8 assays.

Notes: (A) Parental and transfected cells were treated with | nM E2, | nM DPN, or | uM PHTPP for 48 hours. The proliferation of cells with increased ERB I expression
could be stimulated by DPN and inhibited by PHTPP. Bars represent the fold proliferation relative to vehicle control measured by CCK-8 assay. (B) GEN inhibits proliferation
of MCF-7 cells to a greater extent when ERBI is expressed. High dose of GEN inhibits proliferation of all MDA-MB-231 cells. *P<<0.05 vs ERBI negative control. “P<<0.05

vs vehicle control.

Abbreviations: CCK-8, Cell Counting Kit-8; DPN, diaryl propionitrile; ERBI, estrogen receptor beta |; GEN, genistein; PHTPP, 4-[2-phenyl-5,7-bis(trifluoromethyl)

pyrazolo[ |,5-a]-pyrimidin-3-yl]phenol.

(Figure 2B). Thus, overexpressed ERB1 increased the anti-
proliferative activity of GEN.

Underlying mechanism of antiproliferative
activity of GEN

To explore the mechanism whereby ERB1 enhances the
antiproliferative activity of GEN, we analyzed the cell cycle
distribution and relative protein expression. Increased cell
cycle arrest in G2/M phase was observed in MDA-MB-231/
ERP1 cells (Figure 3A). As expected, a high dose of GEN
arrested MDA-MB-231 cells in GO/G1, which increased
the percentage of cells in GO/G1 compared with cells of the
vehicle group (Figure 3A). Similar effects were observed in
MCF-7 cell lines, and a high dose of GEN arrested MCF-7
cells in GO/G1 (Figure 3B). Thus, the combinatorial effect
of GEN and overexpressed ERB1 resulted in an active
blockade of cell cycle progression and a dramatic inhibition
of proliferation.

Western blot analyses confirmed that GEN downregu-
lated the expression of cyclin D1 in both ERPB1-expressing
and parental cells (Figure 4). In addition, cyclin D1 expres-
sion was further downregulated when ERB1 was over-
expressed. p21, also known as cyclin-dependent kinase
inhibitor 1A (CDKN1A), has been shown to be upregulated
when ER is expressed,'® but this was not observed in our
model system. However, Western blot analyses showed
that GEN could decrease the expression of cyclin D1 and

increase the expression of p21, in accordance with results of
previous reports.!”13

Effect of dietary GEN in vivo

The animal models of MCF-7/ERB1 and MCF-7/eGFP
were successfully established using female 5-week-old
nude ovariectomized BALB/c mice. We could observe the
tumor size under different treatment of GEN in mice before
sacrifice (Figure 5A and B). The growth curves of MCF-7/
eGFP tumors revealed that GEN suppressed tumor growth
remarkably in a dose-dependent and time-dependent manner
(Figure 5C). After observation for 30 days, the average
tumor sizes of the 1,000 ppm GEN group were significantly
smaller than either the 100 ppm GEN group or the vehicle
group (P<<0.05). In addition, we observed that GEN was
more effective in ERB1-overexpressing cell models. There
was a statistical difference in tumor size between the MCF-7/
ERP1 group and the MCF-7/eGFP group. The median tumor
volume of the 1,000 ppm GEN group without ERB1 expres-
sion was 650.4£91.21 mm?, whereas in the ERP1 expression
group, it was 368.9£73.96 mm? (P<<0.001).

We found that 1,000 ppm GEN suppressed the tumor
growth of both the MDA-MB-231/ERB1 and the MDA-MB-
231/eGFP groups (P<<0.001, compared to the vehicle group;
Figure 5D). However, a statistically significant difference
was not observed between the high ERB1 expression and
low ERB1 expression groups. None of the mice died during
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ERB-negative control. #P<<0.05 vs vehicle control.

Abbreviations: eGFP, enhanced green fluorescence protein; ERB I, estrogen receptor beta |; GEN, genistein.

OncoTargets and Therapy 2018:1 | submit your manuscript 8159

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Jiang et al

Dovepress

A MCF-7/ERB1 MCF-7/eGFP

678 91011121

45675 910n

Control

100 ppm GEN

2345678010123

1,000 ppm GEN

C Effect of dietary GEN on the
growth of MCF-7 cells
~ 1,400 -
IS
1,200 -
£
GE’ 1,000 -
5 800 -
O 6004
>
E 400 4
5 200 -
=

0 3 6 9121518212427 30

Days of treatment (day)

MDA-MB-231/eGFP

B MDA-MB-231/ERp1

100 ppm GEN Control

1,000 ppm GEN

D Effect of dietary GEN on the
growth of MDA-MB-231 cells

—~ 1,400
IS
1,200
E
g1,000
3 800
o
S 600
g 400
S 200
F oo
0 3 6 9 1215 18
Days of
treatment (day)

-~ eGFP/vehicle

-+ ERP1/vehicle
-+ eGFP/1,000 ppm GEN == ERB1/100 ppm GEN - ER(1/1,000 ppm GEN

- eGFP/100 ppm GEN

Figure 5 Growth of MCF-7 and MDA-MB-231 cells with ERB |-positive or ERP |-negative xenografts in BALB/c nude mice treated with GEN.
Notes: (A and C) GEN suppressed MCF-7 cell growth in vivo, and more effectively in ERB | -overexpressing cell models. (B and D) High dose of GEN suppressed the tumor
growth of MDA-MB-231 in vivo, but there was no difference between the high ERBI expression and low ERB| expression groups. *P<<0.05, vs ER[3 | -negative group. #P<<0.05
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Abbreviations: eGFP, enhanced green fluorescence protein; ERBI, estrogen receptor beta |; GEN, genistein.

the observation time. Immunohistochemical staining revealed
that the expression of ERB1 was significantly increased in
MCF-7/ERB1 and MDA-MB-231/ERB1 groups, while there
was no obvious difference of the expression of ERot between
each group (Figure 6).

Discussion

To investigate the interaction between ERB1 and GEN, we
upregulated the expression of ERB1 in MCF-7 and MDA-
MB-231 cells. We demonstrated that GEN was more effec-
tive in ERB1-overexpressing cell lines. Our data indicated
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that ERB1 and GEN could cooperate in their antiproliferative
effect by blocking cell cycle transition.

Isoflavones are abundant in soy-containing foods that are
consumed daily by Asian populations, and they have weak
estrogen-like activity.®? As breast cancer survival improves,
whether to continue the consumption of soybean foods has
become a question of concern for patients with breast cancer.
GEN is one of the most important isoflavones, and it has
both agonistic and antagonistic effects on ERs.'"?° Previous
studies?! have revealed that GEN has a biphasic effect on
MCEF-7 cell proliferation, inhibiting breast cancer cell growth
at high concentrations and stimulating proliferation at low
concentrations. In our study, GEN inhibited MCF-7 cell
growth in a dose-dependent manner. In addition, we observed
that GEN did not have a promotive effect on MDA-MB-231/
ERP1 cell growth at low concentrations and inhibited MDA-
MB-231/ERB1 cell proliferation at high concentrations. It is
well known that phytoestrogen activity is mediated by the
dimerization of ERP with ERo.2! Therefore, we presume
that the action of GEN varies with the ratio of ERo and
ERP, consistent with Pons et al studies.?** Furthermore,
we also observed that oral GEN significantly suppressed the
tumor growth of mouse xenograft models in vivo, which is

inconsistent with results reported by Du et al,** and a pos-
sible reason may be the higher concentration of GEN used
in this study.

Since the report of full-length human ER (also named
ERB1) by Kuiper et al in 1996, at least five ERP splice
variants have been discovered. ERB1 and ERB2 (also known
as ERPcx) are the best characterized isoforms in breast
tissue.’*?” Although ERo has been well established as an
important mediator of proliferation in breast cancer, the role
of ERP remains controversial. Hartman et al*® found that
ERp-positive breast cancer had a higher histological grade
than ER3-negative breast cancer. Another study reported that
compared with single ERo-positive breast cancer patients,
the prognosis of ERB-positive patients is poor.?’ These stud-
ies apparently suggested that ER[ is a poor prognosis factor
for breast cancer patients. However, most of these studies
were performed with nonspecific antibodies that detect all
ERp isoforms, including ERB2. The conclusions of recent
studies using specific ERP antibodies have been completely
different. Rosin et al*® found that ERPB1 was negatively
correlated with higher grade and stage of breast tumors.
Similarly, Huang et al*' found that ERB1-positivity in ERc-
positive patients was associated with smaller tumor size and
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longer DFS, whereas ERB2 expression was associated with
shorter DFS. In our study, we analyzed ER[3 expression with
a well-validated C-terminus-targeted monoclonal antibody
specific for ERB1. We observed that ERB1 could arrest cells
in G2/M phase and enhance the antiproliferative effect of
GEN in vitro and in vivo.

The MDA-MB-231 cell line is a representative TNBC
without ERo expression. It has been reported that low doses
(<10 uM) of GEN may stimulate ERa-positive cell growth,
but there is no need to worry about the proliferative effects on
TNBC cells.* In this study, we observed the same phenom-
enon: GEN did not have a promotive effect on MDA-MB-231
cells at low concentration, whereas it intensely inhibited pro-
liferation at a high dose, which indicated that antiproliferative
effect of ERB1 was mediated by ERa-induced transcription
of downstream targets.

In this study, we tried to explore a possible mechanism
to explain how ERP1 and GEN cooperate with each other to
inhibit cell proliferation. Previous studies have reported that
isoflavones can inhibit cell cycle transition in breast cancer
cells.”” Based on this hypothesis, we analyzed the cell cycle
distribution. Potential mechanisms may involve cooperativity
between GEN and ERB1 in blocking cell cycle progression.

In this study, we confirmed that ERB1 expression
increased the anticancer efficacy of GEN in MCF-7 cells
in vitro and in vivo, suggesting that GEN could be a potential
therapeutic agent for ERB1-positive cancer, which merits
further clinical research in the future.
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