
Abstract. Background/Aim: In the present study, the
antineoplastic activity and mechanism of action of
phenoxodiol, a novel isoflavone analog, was investigated in
renal cancer cells. Materials and Methods: A panel of renal
cancer cells (769-P, 786-O, Caki-2) was treated with
phenoxodiol in vitro, and the efficacy of treatment was
evaluated. Results: MTS assay results showed that
phenoxodiol decreased renal cancer viability in a dose-
dependent manner. In addition, it inhibited colony formation
significantly and perturbed the cell cycle. Treatment with
phenoxodiol increased the number of annexin-V-positive
cells as well as the expression of cleaved poly ADP ribose
polymerase, demonstrating that phenoxodiol induced
apoptosis in renal cancer cells. Phenoxodiol also inhibited
Akt pathway via dephosphorylation of Akt. Conclusion:
Phenoxodiol inhibited Akt pathway and induced apoptosis of
renal cancer cells. The present study provides a theoretical
basis for future development of a novel therapy effective
against renal cancer.

Renal cell carcinoma (RCC) is a major cause of morbidity
and mortality worldwide, and it accounts for 3% of all adult
cancer cases (1). In patients with RCC, 30% have metastatic
disease at the time of diagnosis, while another 20-30%
develop metastases following surgery (2). However, the
efficacy of systemic treatment in patients with metastatic
RCC is limited. Although the treatment options available for
metastatic RCC have recently improved owing to the clinical
development of targeting agents, including tyrosine kinase
inhibitors (3), metastatic RCC has a poor prognosis. Despite
the improved prognosis of patients with RCC by these
treatment modalities, RCC is associated with development
of resistance and complete responses remain an exception

(4). Therefore, studies aiming to identify a novel therapeutic
agent to treat patients with metastatic RCC are required.

Isoflavonoids have received significant attention owing to
their potential anti-carcinogenic and anti-proliferative effects
(5). Their anti-tumor effects have been observed in renal
cancer, and higher intake of flavonoids have been reported
to be inversely related to the risk of renal cancer (6). They
are dietary nutrients that are known to possess diverse
functional roles in animal and human cells. They have also
been shown to be effective in inducing mitotic arrest and
apoptosis in many cancer cells (7). Phenoxodiol is a
synthetic isoflav-3-ene metabolite that is a natural
intermediate in the metabolism of daidzein to equol (8). It
has been demonstrated that phenoxodiol exerts a range of
anti-tumor effects in vitro and in vivo (9, 10), including
inhibitory effects on angiogenic mediator production and
inhibitory effects on inflammation (11, 12). However, the
underlying mechanism of action has not been fully
elucidated. It is considered to show pleotropic effects such
as inhibition of tyrosine kinases and topoisomerase II, and
X-linked inhibition of apoptosis (XIAP) (10, 13, 14). It is
also capable of enhancing chemo-sensitivity in cancer cells
through inhibiting XIAP (15, 16). It has been demonstrated
that phenoxodiol administration during cisplatin-based
chemotherapy against platinum-refractory/resistant epithelial
ovarian, fallopian tube, or primary peritoneal cancer
improves clinical outcomes, suggesting that phenoxodiol
may be an effective adjuvant in the treatment of cancer (17).

The present study aimed to investigate the in vitro
antineoplastic activity of phenoxodiol and to elucidate its
mechanism of action in renal cancer cells. To our knowledge,
this is the first detailed preclinical characterization of the
novel isoflavone analog phenoxodiol in renal cancer.

Materials and Methods
Cell culture and treatment. Experiments were performed in the
human renal cancer cell lines 769-P, 786-O, and Caki-2 (obtained
from the American Type Culture Collection, Rockville, MD, USA).
Renal cancer cells were routinely cultured in RPMI or McCoy’s 5A
medium (depending on the cell line) supplemented with 10% fetal
bovine serum and 1% penicillin/streptomycin (Invitrogen, Carlsbad,
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CA, USA) at 37˚C in a humidified atmosphere with 5% CO2. The
experiments were performed 24 h after cell seeding with a single
dose of phenoxodiol (purchased from Selleck Chemicals, Houston,
TX, USA). Phenoxodiol was dissolved in dimethyl sulfoxide
(DMSO) and was stored at –70˚C until use.

Determination of mean inhibitory concentrations and viability. The
mean inhibitory concentrations (IC50) and viability after 72-h
treatment were measured by MTS assay (CellTiter 96 Aqueous kit;
Promega, Madison, WI, USA), according to the manufacturer’s
protocol. The cells were seeded at a density of 3×103 cells per well
on 96-well culture plates, allowed to attach for 24 h, and treated in
three independent experiments with 5-40 μM phenoxodiol.

Colony formation assay and Giemsa staining. Colony formation
assay was performed after 24, 48 and 72 h of phenoxodiol
treatment. The cells were plated in a 6-well plate at a density of
3×103 cells per plate. Colonies formed after 10 days were washed
with phosphate-buffered saline, fixed in 100% methanol, and
stained with Giemsa’s solution (Muto, Tokyo, Japan).

Flow cytometry. Flow cytometry was performed to evaluate cell
cycle changes and apoptosis. Briefly, 7.5×104 cells were seeded in
a 6-well culture plate 1 day prior to treatment with phenoxodiol.
Cell cycle analysis was performed after 24, 48 and 72 h of
treatment. The attached cells and cells in the supernatant were
resuspended in citrate buffer and stained with propidium iodide. For
annexin V assay, the cells were stained with annexin V and 
7-amino-actinomycin D (7-AAD) according to the manufacturer’s
protocol (Beckman Coulter, Marseille, France) and analyzed by
flow cytometry using CellQuest Pro software (BD Biosciences, San
Jose, CA, USA).

Western blot analysis. For western blotting, the cells were maintained
under the indicated conditions for 24, 48 or 72 h. Total protein was
extracted for 30 min on ice by cell lysis in a RIPA-buffer containing
150 mM NaCl, 1% Triton X-100, 0.5% deoxycholate, 1% Nonidet
P-40, 0.1% sodium dodecyl sulfate (SDS), 1 mM EDTA, 50 mM Tris
(pH 7.6), and 10 μl/ml protease inhibitor cocktail (Sigma Aldrich St.
Louis, MO, USA). Protein concentrations were determined by BCA
protein assay (Thermo Scientific, Rockford, IL, USA). Equal
amounts of proteins were separated by SDS-polyacrylamide gel
electrophoresis and transferred to nitrocellulose membranes. The
primary antibodies used were anti-cyclin A, -B1, -D1, -E (1:400),
anti-cyclin-dependent kinase (CDK) 4 (1:400), anti-p21CIP1, anti-
FLIP (1:400) (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
anti-cleaved poly [ADP-ribose] polymerase (PARP) (1:1,000), anti-
Akt (1:1,000), anti-phosphorylated Akt (p-Akt) (1:1,000) (Cell
Signaling Technology, Danvers, MA, USA), and anti-actin (1:3,000,
Millipore, Billerica, MA, USA) as loading controls. Secondary
antibodies were horseradish peroxidase (HRP)-conjugated goat-anti-
mouse antibody and HRP-conjugated goat-anti-rabbit antibody
(1:6000, Bio-Rad, Hercules, CA, USA) for 1 h at RT. The bands
were visualized using chemiluminescence with the ECL Plus system
(GE Healthcare, Wauwatosa, WI, USA), according to the
manufacturer’s instructions.

Statistical analysis. Data are presented as the mean±standard error
of the mean of three independent experiments. IC50 values were
approximated using CalcuSyn software (Biosoft, Cambridge, UK).

Results

Phenoxodiol significantly impacted proliferation, morphology,
and clonogenicity of renal cancer cells. First, the IC50 values
of phenoxodiol were determined in renal cancer cells (769-P,
786-O, and Caki-2). Treatment with phenoxodiol resulted in
markedly reduced proliferation rate of the investigated renal
cancer cells in a dose-dependent manner, with slight variations
in IC50 values (range=19.9-28.8 μM) (Figure 1A, Table I). To
identify the potential mechanisms involved in the inhibition
of proliferation and clonogenicity in renal cancer cells, the
changes in cell morphology after phenoxodiol treatment were
investigated (Figure 1B). The number of detached, shrunken
cells, suggestive of induction of apoptosis, as well as the
number of attached, enlarged, and vacant-looking cells,
suggestive of senescent and/or necrotic cells, were increased
by phenoxodiol treatment compared with the number of cells
in the DMSO controls. Clonogenicity was impaired by
phenoxodiol treatment in renal cancer cells, indicating that
phenoxodiol efficiently inhibited long-term growth of renal
cancer cells in vitro (Figure 1C).

Phenoxodiol perturbed cell-cycle distribution in renal cancer
cells. Cell-cycle analysis by flow cytometry revealed profound
disturbances of the cell cycle by phenoxodiol treatment in all
the investigated cell lines (Figure 2A). After 72-h treatment,
the cell cycle profiles became highly irregular, prohibiting
proper quantification of cell cycle distribution. Notably, 72-h
treatment with phenoxodiol increased the number of cells in
the sub-G1 fraction. An explanation for these observations is
disturbed and unequal distribution of DNA. 

The changes in cell cycle profiles elicited by phenoxodiol
were not reflected in accordance with the changes in the
expression of cyclins in renal cancer cells (Figure 2B).
However, the expression of CDK4 was reduced and
induction of p21CIP1, a classical marker of cell cycle arrest,
was detected after 48 and 72 h of phenoxodiol treatment. 

Phenoxodiol induces apoptosis of renal cancer cells. Next, the
extent to which apoptosis contributed to cell death following
phenoxodiol treatment was investigated. For the evaluation of
apoptotic response, annexin V assay was conducted after 72-
h treatment of renal cancer cells with phenoxodiol. Annexin
V/7AAD staining suggested a mixture of apoptotic and
necrotic cell death, with a strong increase in early apoptotic
and late apoptotic/necrotic cells and a slight increase in
necrotic cells after phenoxodiol treatment, especially at higher
concentrations (Figure 3A). Accordingly, efficient induction
of apoptosis by phenoxodiol was evidenced by enhanced
cleaved PARP detected by western blotting (Figure 3B). 

Phenoxodiol inhibited c-FLIP expression and altered Akt
phosphorylation status. Potential signaling pathways
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underlying the anti-tumor activity of phenoxodiol in renal
cancer cells were subsequently investigated. Cellular
FLICE-like inhibitory protein (c-FLIP) is an important
blocker of Fas pathway that competes with caspase-8/-10
for binding to the death-inducing signaling pathway (18).
Accumulating evidence indicates that c-FLIP has an anti-
apoptotic role and is involved in chemotherapeutic drug
resistance in various types of human cancers (19). It is
possible that phenoxodiol increases the sensitivity of renal
cancer cells to Fas-mediated apoptosis because of caspase
activation associated with the removal of FLIP. Cell lysates
were subjected to western blotting following incubation of
cells for 24, 48 and 72 h in the presence or absence of
phenoxodiol at each IC50 concentration (Figure 4A).
Phenoxodiol decreased the expression of c-FLIPL and 
c-FLIPS in 769-P and 786-O cells.

Previous studies have demonstrated that Akt regulates
FLIP expression and blocks Fas-mediated apoptosis (20).
The levels of p-Akt in all the investigated cells were
decreased by phenoxodiol treatment in a time-dependent
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Figure 1. Phenoxodiol inhibited renal cancer cell growth in vitro. A: Renal cancer cells (769-P, 786-O, Caki-2) were treated with increasing amounts
of phenoxodiol. Relative cell viability was measured by MTS assay (mean±SD, n=6) after 72-h treatment. B: Photomicrographs showing
characteristic morphological changes in 769-P and 786-O cells treated with phenoxodiol (24, 48, and 72 h). Scale bar=100 μm. C: Giemsa staining
of grown colonies from renal cancer cells after 24-, 48-, and 72-h treatments compared to DMSO solvent control. Pxd stands for phenoxodiol. The
concentration of phenoxodiol is each IC50 value. 

Table I. Mean inhibitory concentrations (IC50) of phenoxodiol. After
treatment of renal cancer cells with phenoxodiol for 72 h, MTS assay
was performed to assess cell viability.

Phenoxodiol

Cell line                                                 IC50 (μM)

769-P                                                           20.6
786-O                                                          19.9
Caki-2                                                         28.8



ANTICANCER RESEARCH 38: 5709-5716 (2018)

5712

Figure 2. Phenoxodiol perturbed the cell cycle in renal cancer cells. A: Cell-cycle changes and number of apoptotic cells (as sub-G1 fraction) after
phenoxodiol treatment in renal cancer cells were measured by cell-cycle analysis using flow cytometry. DMSO is the solvent control. Pxd stands
for phenoxodiol. The concentration of phenoxodiol is each IC50 value. B: Cyclins (A, B1, D1, E), CDK4 and p21CIP1 protein expression levels
following phenoxodiol treatment were quantified by western blot analysis relative to DMSO in renal cancer cells. Pxd stands for phenoxodiol. The
concentration of phenoxodiol is each IC50 value.



manner (Figure 4B). However, phenoxodiol had no
discernible effect on the levels of Akt. Taken together,
phenoxodiol induced apoptosis corresponding to a reduction
in p-Akt and c-FLIP expression.

Discussion

In this preclinical study, the suitability of the isoflavone
analog phenoxodiol as a novel treatment modality in renal
cancer cells was evaluated. Phenoxodiol significantly
impaired proliferation of renal cancer cells and was
efficacious in inhibiting clonogenic growth in vitro. The
cytotoxic effect of phenoxodiol on renal cancer cells was
characterized, although there were some differences in
sensitivity probably due to phenotypic or genetic
differences between the cell lines. This is a highly efficient
drug inducing apoptosis in all the investigated renal cancer
cells, possibly through regulatory effects on the Akt-FLIP
pathway. 

Clear cell carcinoma is the most common form of RCC
(21). Around 80-90% of cases of clear cell RCC carry
genetic variations of the von Hippel-Lindau tumor
suppressor (VHL) and are associated with a hyperangiogenic
state due to the overproduction of vascular endothelial
growth factor (22, 23). However, the loss of VHL function
alone is not sufficient for clear cell RCC initiation (24). The
antiapoptotic effect of survival signals, such as those of the
Akt pathway, promote cell proliferation over cell death. Akt
signaling is usually activated through various mechanisms in
clear cell RCC (25). The VHL and Akt pathways are closely
connected and form a large signaling network contributing
to clear cell RCC (26). Akt translocates to the nucleus where
it may contribute to the regulation of transcription of genes
mediating cell survival. One of the possible mechanisms by
which Akt functions as a promoter of survival is through the
induction of c-FLIP expression and blocking the extrinsic
apoptotic pathway (27, 28). In the current study, phenoxodiol
was shown to possess proapoptotic properties in renal cancer
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Figure 3. Phenoxodiol induced apoptosis in renal cancer cells. A: Annexin V assay. Cells were treated for 72 h with phenoxodiol. Ten thousand
cells were counted, and apoptotic cells were detected by annexin V assay using flow cytometry. The inset in each graph shows the percentage of
the cells. Representative results of flow cytometry are shown. B: Western blot analysis for cleaved poly(ADP-ribose) polymerase (PARP). The cells
were treated for 72 h with phenoxodiol. Actin was used as the loading control. Pxd stands for phenoxodiol. The concentration of phenoxodiol is
each IC50 value. Representative blots are shown.



cells. Tumor cells exposed to phenoxodiol exhibited distress
almost immediately, accompanied by decreased expression
of antiapoptotic factors Akt and c-FLIP. Thus, the effects of
phenoxodiol are characterized by not only caspase activation,
but also the status of antiapoptotic proteins.

Defects in apoptotic signaling in malignant cells contribute
to drug resistance in various cancer types (29). Thus, targeting
the factors regulating apoptosis represents a novel approach
for the treatment of cancer cells. c-FLIP, a catalytically
inactive caspase 8/-10 homolog, is involved in
chemotherapeutic drug resistance in a wide range of human
malignancies (19). Among 13 splice variants of c-FLIP, three
forms can be detected at the protein level: c-FLIPL, c-FLIPS,
and c-FLIPR (30). Besides its function as an apoptosis
modulator, c-FLIP exerts other cellular functions including
increased cell proliferation and tumorigenesis (31). Moreover,
high expression of c-FLIP is associated with short survival
periods in patients with RCC (32). Therefore, the expression
levels of c-FLIP may become a predictive biomarker for the
prognosis of clinical outcome in patients with metastatic RCC.
The apoptotic effect of phenoxodiol in renal cancer cells
seems to be related to a decrease in the expression of c-FLIP.
Increasing evidence supports the investigation of c-FLIP as a
therapeutic target to restore apoptotic response in cancer cells.
This is because the current understanding of c-FLIP action in
normal cells supports the notion that c-FLIP-targeted cancer
therapy will be well tolerated (33, 34). 

Other mechanisms involved in the antineoplastic effect of
phenoxodiol were investigated and results showed that
phenoxodiol has the capacity to disturb cell cycle
progression. Cell cycle arrest may occur due to the loss of
the activity of CDKs (35). One of the mechanisms by which
CDK inactivation occurs is via modulating the upstream
pathways that govern the expression of cyclins, CDKs, or
endogenous CDK inhibitor p21 (36). Several findings
indicate that p21CIP1 is involved in the control of DNA
repair pathways, including homologous recombination (HR)
(37). p21CIP1 promotes HR by inhibiting CDKs, because
increased CDK activity in the absence of p21CIP1 is
associated with elevated levels of DNA damage (38). It has
previously been reported that phenoxodiol causes cell-cycle
arrest at G1 owing to the loss of cdk2 activity by p53-
independent induction of p21CIP1 (39). In the present study,
the expression of p21CIP1 was increased after 48 and 72 h of
phenoxodiol treatment in all the investigated cell lines
(Figure 2B), whereas cell cycle arrest was observed at
different phases in each cell line. This observation suggests
a role for p21CIP1 in DNA repair in renal cancer cells. Cell
cycle interference by phenoxodiol may occur through the
inhibition of topoisomerase II (13). 

One limitation of the present study was that the efficacy
of phenoxodiol has not been evaluated in animal models.
The next step toward application of phenoxodiol should be
animal experiments evaluating side effects and determining
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Figure 4. Phenoxodiol inhibited Cellular FLICE-like inhibitory protein (c-FLIP) expression and Akt pathway. A: Western blot analysis for c-FLIP.
Whole-cell lysates from renal cancer cells treated with phenoxodiol for 24, 48, and 72 h were assayed. As a loading control, actin was used on
each blot. Pxd stands for phenoxodiol. The concentration of phenoxodiol is each IC50 value. Representative blots are shown. B: Western blot analysis
for Akt. Whole-cell lysates from renal cancer cells treated with phenoxodiol for 24, 48, and 72 h were assayed. As a loading control, actin was used
on each blot. Pxd stands for phenoxodiol. The concentration of phenoxodiol is each IC50 value. Representative blots are shown.



the optimal dosage. However, a phase I clinical trial of
phenoxodiol and pharmacokinetic study in humans were
conducted in patients with solid tumors other than renal
cancer, and no severe adverse events related to the
medication were observed (40, 41). In future study, we aim
to determine whether phenoxodiol shows efficacy with
tolerable toxicity in patients with advanced renal cancer.

In conclusion, similar to results from previous preclinical
and clinical studies investigating a range of cancers, the
results of the present study suggest that phenoxodiol exerts
a significant antineoplastic effect and can be a potential
therapeutic agent for the treatment of renal carcinoma.
Future clinical use of phenoxodiol for the treatment of RCC
deserves further investigation.
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