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Abstract. Cellular inhibitor of apoptosis protein-1 (cIAP1)
is a key regulator of programmed cell death and is known to
be associated with chemotherapeutic resistance. The present
study aimed to investigate the antitumor efficacy of birina-
pant, a novel selective inhibitor of cIAP1, against cisplatin
(CDDP)-resistant hepatoblastoma (HB) cells. Western blot
analysis was used to investigate the antitumor effect of
birinapant on cIAP1 expression in Huh6 cells at the protein
level. A WST-8 assay was performed to evaluate the tumor
growth inhibitory effect of birinapant on the human HB cell
lines, Huh6 and HepG2. Huh6 cells were exposed to CDDP
and/or birinapant in order to confirm tumor growth inhibition.
The antitumor efficacy of birinapant plus CDDP combination
therapy was significantly higher than that of CDDP mono-
therapy in a dose-dependent manner (P=0.035). The study also
investigated the antitumor efficacy of birinapant plus CDDP
combination therapy in an established xenograft model of
SCID mice. Compared with CDDP monotherapy, birinapant
combined with CDDP showed better inhibition of tumor
growth (P=0.121). It was observed that the mRNA expression
of cIAP1 in tumors was significantly enriched in the CDDP
monotherapy group compared with that in the untreated group.
Furthermore, immunohistochemical staining was performed
to compare cIAP1 expression in pre- and post-chemotherapy
specimens in patients with HB, and a significant increase was
observed in the post-chemotherapy specimens (P<0.001).
CDDP-resistant Huh6 (Huh6-CDDPR) cells were also estab-
lished following repeated exposure to CDDP. Birinapant was
substantially more effective against the Huh6-CDDPR cells
than against the Huh6 wild-type cells. Taken together, these
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findings suggest that repeated exposure to CDDP enhances
cIAP1 expression in HB cells and that birinapant is a prom-
ising therapeutic drug for CDDP-resistant HB.

Introduction

Hepatoblastoma (HB) is the most common malignant liver
tumor in children, arising from hepatic progenitors or hepato-
blast cells and accounting for 1% of all pediatric cancer cases in
the USA (1). Potentially due to the improvement in the survival
rate of premature infants, its incidence has increased by 2.7%
per year over the last few decades (2). Currently, international
clinical studies have been focusing on risk-adapted therapy
for patients at a standard risk with potentially resectable
tumors and for those at a high risk with unresectable tumors
due to extrahepatic extensions, large hepatic vein or main
portal vein invasion, and high serum o-fetoprotein levels (3).
Most standard-risk patients have been reported to respond to
cisplatin (CDDP) treatment. In addition, according to a report
from SIOPEL-4, the combination of CDDP and doxorubicin
has improved outcomes for high-risk patients, with a 3-year
overall survival rate of 83% and a 3-year event-free survival
rate of 76% (3). However, these results are still unsatisfactory.

Molecular-targeted therapies intended to attack specific
molecules in signaling pathways responsible for tumor
development are currently a hot topic in the field of oncology
research. Among those molecules, inhibitors of apoptosis
proteins (IAPs), such as cellular IAP1 (cIAPI1), cIAP2 and
X-linked IAP (XIAP), work as critical regulators of apoptosis.
IAPs exert their effects by directly binding to caspase-3,
-7 and -9 (4-10). IAPs are also involved in the activation of
signaling pathways responsible for tumorigenesis (11). At
present, several clinical and preclinical trials investigating
the effects of interfering with cIAPI1, cIAP2 and XIAP
function in tumor cells as a type of biological approach to
cancer therapy are in progress (12,13). Birinapant is a divalent
second mitochondria-derived activator of caspase-mimetic
particle specifically designed to target cIAP1, cIAP2 and
XIAP (6,12-14). However, the clinical importance of cIAPI,
cIAP2 and XIAP in HB is yet to be elucidated.

The present study focused on the antitumor effect of
cIAP1 inhibition in HB cells. To the best of our knowledge,
this study is the first to focus on this topic. The study aimed
to provide insights into a new therapeutic strategy for HB by
using birinapant as a molecular effector of IAPs. Standard
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chemotherapy for patients with HB in the standard-risk group
is based on CDDP monotherapy, but the late side effects of
CDDP are urgent issues that need to be addressed for children
with HB. Therefore, the study also investigated whether the
CDDP dosage could be decreased by combining it with biri-
napant. Furthermore, CDDP-resistant Huh6 (Huh6-CDDPF)
cells were established by repeatedly treating Huh6 wild-type
(Huh6-WT) cells with CDDP in order to investigate the poten-
tial of birinapant as a salvage drug for patients with HB who
do not respond to CDDP.

Materials and methods

Cell lines and cell culture. The human HB Huh6 and HepG2
cell lines were purchased from the Japanese Collection of
Research Bioresources Cell Bank. The cells were maintained
in high-glucose Dulbecco's modified Eagle's medium (DMEM,;
Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% fetal bovine serum, 100 U/ml penicillin and 100 ug/ml
streptomycin (Gibco; Thermo Fisher Scientific, Inc.), and were
incubated at 37°C in a humidified atmosphere of 95% air
and 5% CO,. Both cell lines were correctly authenticated by
short tandem repeat profiling (cell numbers: KBN0819-01 and
KBNO0819-02).

Reagents. Birinapant was obtained from Selleck Chemicals
and CDDP was obtained from Wako Pure Chemical Industries,
Ltd.

Establishment of CDDP-resistant HB cells. Huh6-W'T cells
were continuously exposed to increasing concentrations
of CDDP (up to 4.5 uM over 6 months), and the surviving
cells were determined to be Huh6-CDDPR cells. To ensure
persisting resistance, the cells were maintained in DMEM
containing CDDP (4.5 uM) for 72 h, and cell survival was
confirmed using Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc.).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from cultured Huh6 cells
16 h after exposure to 100 M birinapant and from excised
tumor tissues of Huh6-xenograft in mice using RA1, RAW?2 and
RA3 buffers in a NucleoSpin RNA kit (Takara Bio, Inc.). Premix
Taq kit (Takara Bio, Inc.) was used for RT-PCR to synthesize
cDNA following the manufacture's protocol. Human cIAP1
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
were amplified by using SYBR Premix Ex Taq II (Takara Bio,
Inc.). qPCR, consisting of annealing at 95°C for 30 sec, followed
by 40 cycles of PCR at 95°C for 5 sec and 60°C for 34 sec,
and melt curve analysis, was performed using an Applied
Biosystems 7900HT Fast Real-Time PCR System (Thermo
Fisher Scientific, Inc.). All the aforementioned procedures were
performed following the manufacturer's instructions. Primers
(purchased from Invitrogen; Thermo Fisher Scientific, Inc.)
were as follows: cIAP1 forward, 5-TGTTGTCAACTTCAG
ATACCACTGG and reverse, 5-CATCATGACAGCATCTTC
TGAAGA; and GAPDH forward, 5-ATCTTCCAGGAGCGA
GATCC and reverse, 5-ACCACTGACACGTTGGCAGT. The
results from each sample were analyzed and compared using the
2-44% method (15). Experiments were performed in triplicate.

Western blot analysis. Rabbit anti-cAP1 antibody (catalog
no. 7065) and rabbit anti-f3-actin antibody (catalog no. 4967)
were purchased from Cell Signaling Technology, Inc., and were
used as primary antibodies at a 1:1,000 dilution. Horseradish
peroxidase (HRP)-conjugated anti-rabbit IgG (catalog
no. 7074), also obtained from Cell Signaling Technology,
Inc., was used as the secondary antibody at a 1:1,000 dilution.
At 16 h post-exposure to 50 or 100 yM birinapant, protein
samples were extracted from cell lysates of Huh6 or HepG2
by RIPA buffer (catalog no. 16488-34; Nacalai Tesque, Inc.).
After protein determination by bicinchoninic acid assay, 40 ug
of each protein sample was loaded per lane, separated using
5-20% gradient polyacrylamide gels and then transferred
onto polyvinylidene difluoride membranes. The membrane
was blocked using blocking buffer consisting of Tris-buffered
saline with 0.1% Tween-20 (TBS-T) and 5% skimmed milk
for 1 h at room temperature, followed by incubation with the
primary antibodies overnight at 4°C. The membranes were
then washed with TBS-T and incubated with a secondary
antibody for 1 h at room temperature. Immunoreactive signals
were detected using Immunostar Zeta (Wako Pure Chemical
Industries, Ltd.). Each protein of interest was visualized using
ImageQuant LAS 4000 Mini (Cytiva). The intensity of each
band was quantified using the downloaded ImageJ software
(ImageJ bundled with 64-bit java version 1.8.0_172).

Cell viability assay. Viable Huh6 or HepG2 cells were seeded
at a density of ~5x10° cells per well in a 96-well plate and
cultured in medium with or without various concentrations of
birinapant (3.2, 6.3, 12.5, 25, 50 and 100 xM) and/or CDDP
(3,3.2,6,6.3, 12.5, 25, 50 and 100 yM) for 24 and 72 h.
Dimethyl sulfoxide (DMSO) (0.1%) was used as a control.
The relative viability of cells in each well was examined using
CCK-8 (Dojindo Molecular Technologies, Inc.) at 24 and 72 h
after exposure to these reagents. The duration of incubation
with the CCK-8 reagent was 3 h.

In vivo tumor xenotransplantation experiments. A total of
20 female SCID mice (4 weeks old; body weight, 17-19 g;
Japan SLC, Inc.) were used in this experiment according to
the Osaka University Protocol and were maintained at 25°C
and in 50% humidity, with a 12-h light/12-h dark cycle in an
aseptic room. The animals had free access to sterile water and
food. Viable Huh6 cells (~2x10°) suspended in 100 ml PBS
were injected into the subcutaneous space on the backs of
4-week-old female SCID mice (n=3). The body weight of each
mouse on the day of tumor inoculation was around 18 g. When
the tumor diameter reached 15 mm, tumors were excised and
cut into 3-mm? sections followed by the implantation into the
subcutaneous space on the hind flank of other 4-week-old
female SCID mice. The body weight of each mouse on the day
of tumor implantation was around 18 g. After the tumor volume
grew to ~100 mm?®, 30 mg/kg birinapant (n=4), 2.5 mg/kg
CDDP (n=4) and CDDP + birinapant (n=4) were administered
intraperitoneally twice a week for 4 weeks, with PBS as the
control (n=5), and then the mice were carefully observed for
an additional 2 weeks without treatment. Tumor diameters
were measured three times a week in a blinded manner using
electric calipers. The maximum tumor size among them
throughout this experiment was 11.6x9.6 mm (534.5 mm?) in
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the control group. Tumor volumes were calculated using the
following formula: Tumor volume (mm?®)=length x(width)?*/2.
Due to the differences in mean tumor size between groups on
day O (Fig. S1A and B), the tumor volume of each mouse after
day O was defined as the ratio to the tumor volume of day 0.
All mice were euthanized 42 days after the treatment initiation
by stepwise escalation (30-50% of chamber volume, 0.02 MPa)
of carbon dioxide inhalation. In order to minimize suffering,
all animal experiments were reviewed and approved by the
Animal Experimentation Committee of Osaka University
(Suita, Japan; approval no. 01-006-004) and were conducted
according to the institutional guidelines and national
and international guidelines and laws for humane animal
care and research ethics (including ARRIVE guidelines).

Immunohistochemistry of HB specimens. Paraffin-embedded
tumor tissues and normal liver samples (=15 mm from the
tumor) were obtained from patients with HB in the form of
biopsies before chemotherapy and resection after chemo-
therapy at Osaka University Hospital. A total of 3 patients
(a 10-month-old male, a 2-year-old female and a 4-year-old
male) were enrolled in this study between June 2015 and
March 2020. Written informed consent was obtained from the
legal guardians of the patients for the use of the tissues in labo-
ratory analysis according to the institutional requirements at
the time of admission. This study was reviewed and approved
by the Institutional Review Board of Osaka University
Hospital (approval no. 15022) and was conducted in accor-
dance with institutional, national and international guidelines.
The expression of cIAP1 was evaluated using immunohis-
tochemical staining. Formalin-fixed and paraffin-embedded
sections were stained using the InmPACT™ DAB Substrate
kit (catalog no. SK-4105; Vector Laboratories, Inc.). Tissues
were fixed with 4% paraformaldehyde at 4°C for 72 h, followed
by paraffin-embedding. Paraffin-embedded samples were
sliced into 6-ym-thick sections. Dewaxing of the sections
were performed by heating followed by soaking in 100, 90, 80
and 70% alcohol, respectively. In order to avoid endogenous
peroxidase/phosphatase activity, slides were treated with 3%
hydrogen peroxide. After this quenching step, slides were
incubated with 1.5% skimmed milk at 25°C for 20 min. An
anti-clAP1 rabbit polyclonal antibody (catalog no. ab2399;
Abcam) was used as the primary antibody. Slides were incu-
bated overnight at 4°C with a 1:500 dilution of cIAP1 antibodies
in phosphate-buffered saline. Biotin-conjugated secondary
antibodies (as aforementioned) were then applied and the slides
were incubated with a 1:200 dilution of avidin-biotin complex
using VECTASTAIN Elite ABC Kit (catalog no. PK-6101;
Vector Laboratories, Inc.) at 25°C for 30 min. As a chromogen
detection step, the expression of cIAP1 was visualized using
an ImmPACT™ DAB Substrate Kit and counter-stained with
hematoxylin at 25°C for 30 sec, and then imaged under a light
microscope.

Statistical analysis. Data are shown as the mean + stan-
dard deviation. One-way or two-way analysis of variance
(ANOVA) followed by the Tukey-Kramer post hoc test was
used for determining the statistical significance of three or
more between-group differences. Student's t-test was used for
determining the statistical significance of two between-group
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Figure 1. Effect of birinapant on cIAP1 expression in hepatoblastoma cells.
(A) mRNA expression of cIAP1 was measured using reverse transcrip-
tion-quantitative polymerase chain reaction. Treatment with birinapant
suppressed clAP1 expression (n=3). Data are shown as a ratio to the control
group and presented as the mean + standard deviation. (B) The protein
expression of cIAP1 was suppressed by treatment with birinapant in Huh6
and HepG2 cells as assessed using western blot analysis. cIAP1, cellular
inhibitor of apoptosis protein-1.

differences. P<0.05 was used to indicate a statistically signifi-
cant difference.

Results

Antitumor effects of birinapant in vitro. At 16 h post-exposure
to 50 or 100 #M birinapant, the results of RT-qPCR and western
blot analysis confirmed the suppressive effect of birinapant on
cIAP1 expression in Huh6 and HepG2 cells (Fig. 1A and B).
The mRNA expression of cIAP1 was not suppressed in HepG2
cells (data not shown) and thus only the higher concentration
(100 M) of birinapant was shown in the western blot images
of HepG?2 cells (Fig. 1B).

Consistent with these results, it was demonstrated that treat-
ment with birinapant for 24 and 72 h decreased the viability of
the Huh6 cells and HepG2 cells in a dose-dependent manner
(Fig. 2A). Based on these results, the half maximal inhibi-
tory value (ICs,) values of birinapant against Huh6 cells were
21 uM (24 h) and 9.8 uM (72 h), and those against HepG2
cells were over 100 xM (24 h) and 80.3 uM (72 h), suggesting
that the Huh6 cells were more sensitive to birinapant than the
HepG2 cells (Fig. 2A).

In addition, the study confirmed the antitumor efficacy of
CDDP against Huh6 cells in a dose-dependent manner (Fig. 2B).
Based on this result, the IC;, of CDDP against Huh6 cells
was 41.9 uM at 24 h and 10.7 uM at 48 h following exposure
to CDDP. The combination of birinapant (80 M) and CDDP
(ranging from 3-6 xM) significantly decreased the cell viability
of the Huh6 cells compared with use of CDDP monotherapy
(P=0.035; Fig. 2C), implying that combination treatment with
birinapant reduces the therapeutic dose of CDDP.
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Figure 2. Antitumor efficacy of birinapant and CDDP against Huh6 cells in vitro. Cell viability was measured by the WST assay in each experiment. (A) The
viability of the Huh6 and HepG2 cells was inhibited by 24 and 72 h of birinapant treatment in a dose-dependent manner (n=4). Each value for cell viability,
shown as the mean =+ standard deviation, was calculated as the ratio to the corresponding value of the control group. (B) The proliferation of Huh6 cells was
suppressed by 24 and 48 h of CDDP in a dose-dependent manner (n=4). Each value for cell viability, shown as the mean + standard deviation, was calculated as
the ratio to the value of the control group. (C) Combination treatment with birinapant enhanced the antitumor effect of CDDP on Huh6 cells 24 h after exposure
to CDDP and/or birinapant (n=4). Each value for cell viability, shown as the mean + standard deviation, was calculated as the ratio to the corresponding value

without CDDP. CDDP, cisplatin.

Antitumor effects of birinapant and CDDP on HB xenografts.
Next, the in vivo antitumor activity of birinapant and CDDP was
evaluated using Huh6 cells and the antitumor efficacy between
the control group (0.1% DMSO), the CDDP group, the birina-
pant group and the CDDP + birinapant group was compared
(Fig. 3A and B). Birinapant tended to enhance the antitumor
activity of CDDP (P=0.121) and CDDP significantly enhanced
the antitumor activity of birinapant (P=0.023). As is shown in
Fig. 2C, birinapant could significantly enhance the antitumor
efficacy of CDDP in vitro, but this effect was somewhat modest
in the in vivo model. The discrepancy in the antitumor effi-
cacy of the combination treatment with CDDP and birinapant
between the in vitro and in vivo experiments raises a new ques-
tion. Specifically, considering the in vitro model of short-term
exposure to CDDP, we hypothesized that long-term repeated
administration of CDDP may have caused genetic alterations
in cIAP1 expression within the xenograft tumors. On day 42 of
therapy, all xenograft tumors in each group were excised and the
mRNA expression of cIAP1 was quantified. It was found that
the expression of cIAP1 was significantly higher in the CDDP
group compared with that in the control group (Fig. 3C).

cIAPI expression in HB specimens. cIAP1 expression was
also compared in HB specimens before and after chemo-
therapy (CDDP) using immunohistochemical staining. It was
found that the expression of cIAP1 in both pre-chemotherapy
and post-chemotherapy specimens was higher than that in
normal liver specimens. Furthermore, the expression of
cIAP1 in the post-chemotherapy specimens was significantly
higher than that in the pre-chemotherapy specimens (P<0.001;
Fig. 4A and B).

Establishment of CDDP-resistant cells and cytotoxic effects
of birinapant. The genetic alterations in CDDP-resistant HB
cells in vitro were examined by mimicking the clinical course
of chemotherapy using CDDP. First, the cytotoxic effects of
CDDP were compared in Huh6-WT and Huh6-CDDPR cells.
The cell viability of the Huh6-CDDPR cells was significantly
higher than that of the Huh6-WT cells 72 h after exposure
to 12.5 yuM CDDP (P=0.023); this finding demonstrated the
CDDP resistance of the Huh6-CDDPR cells (Fig. 5A). Next, the
mRNA expression of cIAP1 was compared in Huh6-WT cells
and Huh6-CDDPR cells, and a significant increase in cIAP1
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Figure 3. Antitumor efficacy of birinapant and CDDP against xenograft Huh6 tumors in SCID mice. (A) A schematic model of subcutaneous transplantation
of Huh6 cells into SCID mice and IP injection of birinapant and/or CDDP. (B) Tumor volume ratios, shown as the mean + standard deviation, were compared
between control (n=5), CDDP (n=4), birinapant (n=4), and CDDP + birinapant (n=4) groups. The combination of CDDP and birinapant suppressed tumor
volume most effectively over the study period. (C) The expression of clAP1 was statistically significantly higher in CDDP group as compared to control group.
CDDP, cisplatin; IP, intraperitoneal; cIAPI, cellular inhibitor of apoptosis protein-1.

expression was found in the Huh6-CDDPR cells (Fig. 5B).
Furthermore, via western blot analysis, it was confirmed that
the expression of cIAP1 at the protein level was increased
in the Huh6-CDDPR cells. The intensity of each band was
quantified using Image J software and the expression of cIAP1
was defined as the ratio to the expression of f-actin (Fig. 5C).
Finally, the antitumor effects of birinapant on Huh6-WT and
Huh6-CDDPR cells were evaluated 72 h after treating these
cells with various concentrations of birinapant, and it was
demonstrated that birinapant could significantly decrease the
viability of the Huh6-CDDPR cells even at low concentrations
(i.e., ranging from 3.2 to 12.5 uM) (Fig. 5D).

Discussion

The present study examined the potential of birinapant for
treating patients with HB and whether it exhibits sufficient
cytotoxicity against Huh6 cells both in vitro and in vivo.
To the best of our knowledge, the present study is the first

to evaluate this research question. The findings imply that
the combination of birinapant and CDDP is a promising
therapeutic modality for HB, and that birinapant could be
a candidate therapeutic drug for patients with HB who have
undergone chemotherapy and acquired chemotherapeutic
resistance.

IAP proteins, such as cIAP1 and melanoma IAP, restrain
apoptosis and upregulate the tumor necrosis factor-dependent
pro-survival NF-xB pathway, which is closely associated with
the survival of tumor cells and infectious diseases (16-19).
The expression of IAP genes encoding these proteins is also
reported to be enhanced in numerous tumors such as lung and
colorectal cancer, and overexpressed clAP1 can inhibit apop-
totic cell death in variable tumor cell types such as multiple
myeloma and ovarian cancer (16). In addition, it has been
reported that overexpressed IAP genes make a large contri-
bution to resistance to conventional cancer chemotherapeutic
agents in several tumors (19). Specially, some reports have
shown the impact of the enhanced expression of cIAP1 or
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cIAP2 on chemotherapeutic resistance or poor survival rate
in patients with various cancer types such as head and neck
cancer, and prostate cancer (20,21). With regard to the over-
expression of cIAP1 or cIAP2, chemotherapeutic resistance to
multiple drugs in multiple myeloma (22), resistance to CDDP
in lung cancer (23), resistance to fluorouracil in colorectal
cancer (24) and oral squamous cell carcinoma (25), resistance
to paclitaxel, doxorubicin and CDDP in pancreatic cancer (26),
and resistance to CDDP in head and neck cancer (27) were
previously reported.

Based on this accumulated evidence, the present study
focused on the relationship between cIAP1 expression
and CDDP resistance in HB. CDDP-resistant cells were
established in vitro and cIAP1 expression was shown to be
significantly increased in Huh6-CDDPR cells compared with
that in Huh6-WT cells. It was also confirmed that cIAP1
expression increased after continuous treatment with CDDP in
specimens obtained by biopsy from patients with HB. These
results suggest that cIAP1 is an important factor influencing
the mechanisms of CDDP resistance in HB.

Furthermore, birinapant was administered to
CDDP-resistant HB cells and they showed a significant
increase in drug sensitivity compared with Huh6-WT cells
treated in the same manner, suggesting that birinapant may be
utilized as a second-line therapeutic modality for patients with
HB who do not sufficiently respond to CDDP.

The potential toxicity of birinapant should be also taken
into consideration prior to future clinical use. In the present
study, the body weight of all mice was monitored weekly
throughout the experimental period and no weight loss (data
not shown) or anoxia was found. It has also been reported
that birinapant could selectively target plasmodium-infected
hepatocytes and induce apoptosis, implying that birinapant
has only a trivial side effect on normal hepatocytes (28).

The major limitation of the present study is that it demon-
strated the in vitro evidence of acquired chemotherapeutic
resistance to CDDP in HB cells by using only one pair of
wild-type and CDDP-resistant HB cell lines. Therefore, it is
necessary to gather more evidence to confirm the critical role
of cIAP1 in CDDP resistance within HB cells by establishing
more CDDP-resistant HB cell lines, although it will take a long
time to prepare these cells. Another limitation of the current
investigation is that it did not evaluate the antitumor activity of
birinapant against Huh6-CDDPR in vivo due to the difficulties
in maintaining and expanding the CDDP-resistant tumor cells
available for the in vivo experiments.

In conclusion, the present study demonstrated that cIAP1
expression was upregulated in both CDDP-resistant HB cells
and in specimens from patients with HB who underwent
repeated chemotherapy with CDDP. Additionally, birinapant
in combination with CDDP synergistically decreased HB
cell proliferation in vitro and suppressed the tumor growth of
HB in a SCID mouse model. These findings suggest that the
combination of birinapant and CDDP is a promising thera-
peutic modality for patients with HB. Furthermore, birinapant
may also work as a second-line therapeutic drug for patients
with HB showing resistance to CDDP, which is the standard
drug for patients with this disease. The findings provide new
insights into salvage drug therapy for patients with chemother-
apeutic-resistant cancer.
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