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Abstract

Gallbladder cancer (GBC), highly aggressive form of cancer with an extremely poor prognosis, is the
most common malignancy of the biliary tract. In this study, we investigated the effects of dioscin (DSN)
on human GBC and the potential mechanisms underlying these effects. The results showed that DSN
significantly inhibited GBC cell proliferation and migration. Moreover, DSN induced GBC cell apoptosis
via mitochondrial dependent apoptotic signalling. Reactive oxygen species (ROS) and glutathione (GSH)
levels were measured, and ROS scavengers completely inhibited DSN-induced apoptosis and migration,
indicating that ROS play an essential role in GBC progression. Western blot analysis showed that AKT
activity was significantly downregulated after DSN treatment, and that inhibition/ectopic expression of
AKT enhanced/abolished DSN-induced apoptosis but not migration. Furthermore, we confirmed the
relationship between ROS and the PI3K/AKT pathway and found that DSN induced apoptosis by
regulating ROS-mediated PI3K/AKT signaling. Taken together, these findings indicate that DSN induces
GBC apoptosis through inhibiting ROS-mediated PI3K/AKT signalling.
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Background

GBC is the most common and aggressive biliary
tract malignancy and the fifth gastrointestinal cancer.
The only available curative treatment is complete
surgical resection; however, only 10% of patients are
eligible for surgery because of its asymptomatic
characteristics and chemoresistance. As a result, the
5-year survival rate for GBC remains between 0% and
10% in most reported series [4]. Additionally, among
those patients who undergo surgical resection,
recurrence rates remain high [4]. Therefore, novel and
effective therapies are urgently needed.

Natural compounds, especially plant-derived
compounds, have been widely used as therapeutic
agents against cancer. Dioscin (DSN), a plant
glucoside saponin, extracted from Dioscorea nipponica
Makino and Dioscorea zingiberensis Wright, has been

shown to exert many biological and pharmacological
effects. Previous studies have shown that DSN has
anti-fungal,  anti-virus and  hepatoprotective
properties. DSN has recently attracted increasing
amount of attention because of its anti-cancer effects
on lung cancer, colon cancer, breast cancer and gastric
cancer [9]. However, the effects of DSN on GBC has
not been determined.

Reactive oxygen species (ROS) are a group of
reactive, short-lived, oxygen-containing species, such
as superoxide, singlet oxygen atoms, hydrogen
peroxide, hydroxyl radicals and peroxyl radicals. ROS
can activate intracellular signal transduction
pathways in cancer, such as inflammation, cell cycle
progression, apoptosis, migration and invasion. A
previous investigation showed that DSN induced
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generation of ROS through mitochondria dysfunction
[10]. Whether ROS generation exerts anti-cancer
effects on GBC has not yet been illustrated. In this
study, we investigated the effects of DSN on GBC cells
and their potential mechanisms underlying the
induction of GBC cell apoptosis and migration. Our
results showed that DSN induced GBC cell apoptosis
by regulating ROS-mediated PI3K/AKT signalling,
thus we deduced DSN may represent a novel
therapeutic intervention for GBC.

Methods

Drugs and reagents

DSN was purchased from Sigma-Aldrich (St.
Louis, MO, USA); the purity was at least 98%, as
determined by  high  performance liquid
chromatography. DSN was dissolved in dimethyl
sulfoxide (DMSO) in a 100 mM stock solution and
stored at -20°C. The final DMSO concentration was
less than 0.1%. Cell Counting Kit-8 (CCK-8), Hoechst
33342 and Rhodamine 123 kits were purchased from
Sigma-Aldrich. Annexin V/Propidium lodide (PI)
Apoptosis Kit was purchased from Invitrogen
(Carlsbad, CA, USA). A pan-caspase inhibitor
(Z-VAD-FMK) and PI3K inhibitor (LY294002) as well
as GSH, NAC and GSH/GSSH and ROS detection kits
were purchased from Beyotime Institute of
Biotechnology Company (Suzhou, Jiangsu, China).
All antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). All cell culture
supplies were obtained from Invitrogen (Carlsbad,
CA, USA).

Cell culture

The human GBC cell lines NOZ and SGC996
were purchased from the Cell Bank of the Type
Culture Collection of the Chinese Academy of
Sciences (Shanghai, Shanghai, China). NOZ cells were
cultured in William’s medium, and SGC996 cells were
cultured in 1640 medium. All media were
supplemented with 100 pg/ml streptomycin and 100
U/ml penicillin and 10% foetal bovine serum. The
cells were cultured at 37°C in a humidified incubator
with 5% COa.

Cell viability assay

A CCK-8 assay was used to evaluate NOZ and
SGC996 cell viability. Human kidney epithelial cells
(293T) was used to determine the change of normal
cells. Cells were seeded into 96-well plates at a density
of 4000 cells/well and were cultured for
approximately 24h. Various concentrations of DSN (0,
1, 2, 4, 6, 8 M) were subsequently added, and the
cells were incubated for 24h, 48h or 72h. After
treatment, CCK-8 (10pl) was added and incubated for

3h in the dark. Absorbance was measured at 450 nm
using a microplate reader (Norcross, GA, USA). IC50
was measured by Graphpad Prism 5.

Colony formation assay

SGC996 and NOZ cells were seeded into 6-well
plates with DSN (0, 2, 4, 6uM) for 15 days. Then, the
cells were fixed with 10% formalin and stained with
0.1% crystal violet (Sigma-Aldrich, St. Louis, MO,
USA). After washing, the plates were dried and the
colonies (with more than 50 cells) were observed
under a microscope.

Annexin V/PI staining assay for apoptosis

SGC996, NOZ and 293T cells were treated with
DSN for 48h. After centrifugation (1500rpm, 5min),
the cells were combined with 1x Annexin V binding
buffer and then incubated with 5ul Annexin V and PI
at 37°C for 30min in the dark. Cell apoptosis was
measured using flow cytometry.

Hoechst 33342 staining

SGC996 and NOZ cells were treated with DSN
(0, 2, 4, 6pM) for 48h. After the cells were fixed with 1
ml methanol/acetic acid (3:1) and stained with
5pg/ml Hoechst 33342, a fluorescence microscope
was used to analyse the morphological changes.

Mitochondrial membrane potential (A¥Ym)
assay

Cells were treated with DSN (0, 2, 4, 6pM) for 48
h, collected and washed with cold PBS. Then, the cells
were incubated with Rhodamine 123 in a 5% CO»
incubator at 37°C for 20 min in the dark. Finally, the
cells were analysed by flow cytometry.

Transwell migration analysis

To prevent effects of proliferation and apoptosis,
we chose the indicated concentrations (0, 0.5, 1, 2pM)
for subsequent assays. After the cells were
resuspended, 200pl of medium containing 2 x 105 cells
with different treatment was added into the upper
well and incubated for 24-72h. Images of the stained
cells were captured by microscopy.

ROS and GSH detection

Intracellular ROS generation was assessed using
a ROS assay kit, and GSH generation was assessed
using a GSH/GSSH assay kit according to the
manufacturer’s instructions.

Plasmid transfection

Two eukaryotic expression vectors containing
cDNA encoding wild-type (WT) and constitutively
active (CA) mouse AKT and an empty vector (pcDNA
3.1) were purchased from Era Biotech (Shanghai,
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Shanghai, China). Cells were seeded on 24-well plates
and transfected for 24h using Viafect transfection
reagent, according to the manufacturer's protocol.

Western blot analysis

Proteins were separated using 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred to polyvinylidene
difluoride (PVDF) membranes. The membranes were
blocked for 1h at 37°C and incubated with primary
antibodies against Bcl-2, Bax, cleaved caspase9,
cleaved caspase3, cleaved poly(ADP ribose)
polymerase (PARP), PI3K, pAKT, p-AKT and
GAPDH overnight at 4°C. Next, the membranes were
incubated with secondary antibodies for 1h at 37 °C.
Proteins were observed using a Gel Doc 2000
(Berkeley, California, USA).

In vivo tumour xenograft study

All animal treatments were carried out in
accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals,
and approved by the Institutional Animal Care and
Use Committee of Shanghai Jiaotong University. Male
nude mice (aged 4-6 weeks, weighting 18-22 g) were
purchased from Shanghai SLAC Laboratory Animal
Co Ltd (Shanghai, Shanghai, China). The animals
were housed at 25°C+2°C at a relative humidity of
70%%5% under natural light/dark conditions for 1
week and were allowed free access to food and water.
NOZ cells (at a density of 1x10¢ cells in 0.2 ml) were
injected into the right axilla of each mouse.
Twenty-four hours later, the mice were randomly
divided into 3 groups (control, 5mg/kg, 10mg/kg).
Mice received DSN at the appropriate dose (0, 5 or
10mg/kg) every 3 days for up to 25 days. On day 26,
the animals were sacrificed, and their tumours were
dissected and weighed.

HE staining and Immunohistochemistry

After the mice were sacrificed, their tumours,
livers and spleens were resected and immediately
fixed in 10% formalin, embedded in paraffin, cut into
5mm sections and mounted on slides. The expression
patterns of PI3K and p-AKT were analysed using
immunohistochemical (IHC) streptavidin-peroxidase
staining.

Statistical analysis

All experiments were performed at least 3 times,
and the results are expressed as the means * standard
deviations unless otherwise stated. Student’s t-test
was used to compare differences between the treated
groups and the corresponding control groups; p<0.05
was considered statistically significant.

Results

DSN inhibits GBC cell proliferation and
migration

CCK-8 assay and colony formation assays were
performed to determine the effects of DSN on GBC
cell proliferation. As shown in Figure 1A-1B, NOZ
and SGC996 cell proliferation was significantly
inhibited by DSN in a dose-dependent manner, with
an IC50 value of 4.465pM (NOZ) and 5.049 pM
(SGC996), and the numbers and sizes of the colonies
treated with DSN were substantially smaller than
those of the control group. Migration was evaluated
by transwell migration analysis. We chose
concentrations (0, 0.5, 1, 2pM) that would not affect
cell viability. As shown in Figure 1C, DSN repressed
NOZ and SGC996 cell migration in a dose-dependent
manner. Therefore, DSN inhibits GBC cell
proliferation and migration.

DSN induces GBC cell apoptosis

We investigated the effects of DSN on GBC cell
apoptosis by flow cytometry and Hoechst 33342
staining. Compared with control group, DSN-treated
cells exhibited significant chromatin condensation
and fragmentation, and the percentage of early and
late apoptosis cells were strikingly elevated in a
dose-dependent manner (Figure 2A-2B). As no
normal gallbladder cells were available, we used
human kidney epithelial cells (293T) to determine
whether normal cells undergo apoptosis following
DSN treatment [1]; CCK-8 and flow cytometry assays
revealed that DSN-treated 293T cells did not undergo
apoptosis( Figure 2C -2D).

DSN induces mitochondrial dependent
apoptosis in NOZ and SGC996 cell

Mitochondria regulates the mitochondrial
permeability transition and the release of toxic
components, such as caspases to regulate apoptosis.
The loss of AWm was indicated by a decrease in
Rhodamine 123 fluorescent staining intensity.
Compared with control group, DSN-treatment
increased numbers of Rhodamine 123-negative cells
(Figure 3A). Moreover, DSN treatment upregulated
the levels of cleaved caspase PARP, 3 and 9, which
may have facilitated mitochondrial dependent
apoptosis (Figure 3B). To confirm these results, we
evaluated cell viability after DSN treatment in the
presence or absence of Z-VAD-FMK, a caspase
inhibitor. As shown in Figure 3D, Z-VAD-FMK
abolished DSN-induced GBC cell cytotoxity.
Together, these results indicate that DSN induces
mitochondrial dependent apoptosis in NOZ and
SGC996 cell.

http://www.ijbs.com



Int. J. Biol. Sci. 2017, Vol. 13

785

A

NOZ SGC996
100+ -e- 24h 100 -~ 24h
_ -= 48h -= 48h
& 801 - 72h g oo — 72h
£ 604 E 60
= =
2 a0 g
a 204 :3 20
0 . v y . 0 . v . .
2 4 6 8 2 4 P4 8
Concentration(pM) Concentration(pM)
B Concentration(uM)
4
300-
@l NOZ
% ** B SGC99%
£ 200
o -
1y dekek
s
=
100
- 7
=

0 2 4 6
Concentration(pM)
7001 g NoZ
6001 W SGC996

Cells

0 05 1 2
Concentration(pM)

005 1 2

Figure 1. DSN inhibits GBC cell proliferation and migration. A) NOZ and SGC996 cells were treated with DSN (0, 1, 2, 4, 6, 8uM) for 24h, 48h and 72h. CCK-8
assays were carried out to assess proliferation. B) DSN suppressed NOZ and SGC996 cell colony formation. Cells were exposed to DSN (0, 2, 4, 6uM) and were
allowed to form colonies for 15 days. C) The effects of DSN on GBC cell migration were assessed by transwell migration analysis. All data are presented as the means
+ standard deviations, and each experiment was repeated 3 times. Significant differences compared with the control are indicated by *p<0.05, **p<0.01, and

#p<0,001.

ROS accumulation is associated with
DSN-induced apoptosis and migration
inhibition

Many studies have revealed that ROS
accumulation can induce cell death in many types of
cancers after treatment with anti-cancer drugs.
Therefore, we investigated whether ROS are
associated with DSN-induced apoptosis. We detected
intracellular ROS generation following different DSN
treatment intervals, and we found that ROS

generation was most significant at 4h of treatment
(Figure S1A). As shown in Figure 4A, increasing
amounts of ROS were generated in a dose-dependent
manner at lower concentrations than at higher
concentrations, as higher doses were ineffective at
inducing ROS because of their strong cytotoxic effect.
Consistent with these results, fluorescence analysis by
microscopy also demonstrated that ROS generation
was dose-dependent (Figure S1B). GSH is the major
cellular ROS-scavenger, treatment strategies inducing
deceases in the level of reduced GSH may have a
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profound effect on cell survival and drug sensitivity
by altering the ability of cells to detoxify ROS [15].
Thus, we investigated whether DSN-induced
apoptosis is related to GSH levels. After treatment
with DSN for 48h, dose-dependent decreases in
intracellular GSH levels were observed, as shown in
Figure 4B. Moreover, we treated GBC cell in the
presence or absence of the ROS scavengers NAC and
GSH, and then assessed intracellular ROS production
and cytotoxicity. As shown in Figure 4C -4E, NAC

and GSH abolished DSN-induced ROS accumulation
and cytotoxicity. Furthermore, NAC and GSH also
abolished DSN-induced mitochondrial dependent
apoptosis (Figure 4E -4F, Figure S1C). Consistent with
the findings of previous studies, we found that ROS
accumulation was related to DSN-induced migration
inhibition (Figure S2A-S2B).

Collectively, our results showed that
DSN-induced apoptosis and migration are related to
mitochondrial ROS accumulation.
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Figure 2. DSN induces GBC cell apoptosis. A) NOZ and SGC996 cells were treated with DSN for 48 h. Apoptosis was analysed by flow cytometry. B) NOZ and
SGC996 cells were exposed to DSN for 48 h, and the nuclear morphological changes associated with apoptosis were evaluated by Hoechst33342 staining. C-D) 293T
cell viability and apoptosis were evaluated by CCK-8 analysis and flow cytometry. All data are presented as the means * standard deviations, and each experiment was
repeated 3 times. Significant differences compared with the control are indicated by *p<0.05, **p<0.01, and **p<0.001.
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Figure 3. DSN induces mitochondrial dependent apoptosis in NOZ and SGC996 cell. A) NOZ and SGC996 cells were treated with DSN and stained with
Rhodamine 123. Cells with high A¥Ym are marked “survival”, and those with low AWm are marked “apoptosis”. B) Apoptosis-related protein expression in NOZ and
SGC996 cells was analysed by Western blot analysis. GAPDH was used as a loading control. C-D) After treatment with DSN in the presence or absence of
Z-VAD-FMK, GBC cell viability and apoptosis ware evaluated by CCK-8 analysis and flow cytometry.

DSN induces GBC cell apoptosis by inhibiting
the PI3BK/AKT signalling pathway

The PIBK/AKT pathway is one of the major
signalling pathways associated with the growth of
various tumours, and it is also associated with cancer
progression and invasion. To determine whether the

PI3K/AKT signalling pathway is associated with
DSN-induced apoptosis, we estimated the effects of
DSN on PI3K/AKT-related protein expression by
western blot analysis. As shown in Figure 5A, DSN
significantly inhibited PI3K/AKT signalling. To
further confirm whether DSN-induced GBC apoptosis
is mediated by Akt activity inhibition, we next
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transfected  wild-type AKT (WT-AKT) and
constitutively active AKT (CA-AKT) into GBC cells.
As shown in Figure 5C, S3A-3C, ectopic expression of
AKT (Figure 5B) abolished DSN-induced apoptosis
and cytotoxicity. After treatment with DSN in the
presence or absence of LY294002, a PI3K/AKT
inhibitor, we found that LY294002 significantly
enhanced DSN-induced cell death (Figure 5D-5E,
S4A-54B). Furthermore, we found that the PI3K/AKT
signalling pathway is mnot associated with
DSN-induced migration inhibition (Figure S5A-S5D).
Together, these results indicate that the PI3K/AKT
signalling pathway is associated with DSN-induced
apoptosis but not migration.

DSN induces GBC cell apoptosis by regulating
ROS-mediated PI3K/AKT signalling

Our previous results showed that DSN-induced
GBC apoptosis is related to ROS accumulation and
PI3K/AKT signalling pathway inhibition. To confirm
the relationship between ROS and the PI3K/AKT
signalling pathway, we examined GBC cells in the
presence or absence of NAC or GSH. As showed in
Figure 6A, NAC and GSH enhanced PI3K, p-AKT and
AKT expression. However, ectopic AKT and
LY294002 had no effect on ROS generation (Figure
6C-6D). Thus, we believe that DSN induces GBC cell
apoptosis by regulating ROS-mediated PI3K/AKT
signalling not AKT-mediated ROS accumulation.
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Figure 4. ROS accumulation is associated with DSN-induced apoptosis and migration inhibition. A) NOZ and SGC996 cells were treated with various
concentrations of DSN for 4h, followed by incubation with the fluorescent probe DCFH-DA (10uM) for 30min, the ROS generation was detected using a microplate
reader. B) GSH generation was determined in the absence or presence of 5mM NAC or 5mM GSH for 1h. C-D) ROS generation and cell viability were determined
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a loading control.
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Figure 6. DSN induces GBC cell apoptosis by regulating ROS-mediated PI3K/AKT signalling. A) NOZ and SGC996 cells were treated with 4uM DSN in the absence
or presence of NAC and GSH, PI3K/AKT signaling pathway-related protein expression was analysed by western blotting. B) NOZ and SGC996 cell ROS generation
after transfection with CA-AKT and WT-AKT. C) NOZ and SGC996 cell ROS generation in the absence or presence of LY294002. All data are presented as the
means * standard deviations, and each experiment was repeated 3 times. Significant differences compared with the control are indicated by *p<0.05, **p<0.01, and
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DSN inhibits tumour growth in vivo

To evaluate the anti-cancer effects of DSN in vivo,
we injected mice with DSN at a concentration of 0,
5mg/kg or 10mg/kg every 2 days after inoculation
with NOZ cells. We found that DSN inhibited tumour
growth in a dose-dependent manner without other
obvious appearance changes (Figure 7A- 7B, S6).
Based on this observation, we performed western blot
analysis, HE staining and IHC analysis. As shown in
Figure 7C-7D, PI3K, p-AKT and AKT expression
levels were significantly reduced compared with
those of the control group. Moreover, from HE
staining of the mice’s liver and spleen, dioscin showed
no significant effect on organ structures compared to
the control group (Figure S6). These results are
consistent with the in vitro effects of DSN.

Discussion

Despite significant improvements in the
technical aspects of GBC detection and management,
there are no known effective adjuvant therapies for
GBC, although various combinations have been used
clinically. The GBC metastatic cascade is complex and

regulated at multiple levels. However, studies have
shown that natural Chinese medicines play an
important role in GBC therapy. The traditional
Chinese medicine DSN has been shown to present
anti-fungal, anti-virus and hepatoprotective effects.
Therefore, we aimed to determine whether DSN
exerts anti-cancer effects on GBC.

In this study, we investigated NOZ and SGC996
cell proliferation and viability using CCK-8 analysis
and colony formation assays. As no normal
gallbladder cells were available, human kidney
epithelial cells (293T) was used as a control. We found
that DSN  significantly inhibited GBC cell
proliferation, but it was not highly toxic to 293T even
at higher doses (8 tM). Moreover, DSN inhibited GBC
cell migration at concentrations without effects of
proliferation and apoptosis. Therefore, we propose
that DSN represents a new and promising therapeutic
agent for GBC. In the following, we evaluated the
effects of DSN treatment in mice with xenografted
tumours. Based on the weights and volumes, HE
staining of livers and spleen of three groups, we
concluded that DSN exerted anti-cancer effects on
GBC cells in vivo.
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and weighed. C, D) AKT, p-AKT and PI3K expression levels were analysed using western blot analysis(C) and HE ,IHC staining(D).

ROS are an important mediator of many
anti-cancer agents, which are derived from at least
two sources: the oxidative protein folding machinery
in the endoplasmic reticulum (ER) and mitochondria.
Mitochondria possess a total of nine potential ROS
generation sites that can leak single electrons to
oxygen and convert it into a superoxide anion, a
progenitor ROS during the depletion of mitochondrial
transmembrane potential (AWm). Attenuation of
AWm can induce caspase9 activation, which
subsequently induces the caspase3 cleavage. These
caspases are believed to cause cell death through
PARP cleavage, chromatin condensation, and DNA
fragmentation. In our study, after treatment with
different concentration of DSN for 48h, DSN-treated
cells were obviously chromatin condensation and
fragmentation compared with control group (Figure
2B). Moreover, we found that ROS accumulated in

conjunction with AWm decrease, and the level of
cleaved PARP, caspase3, 9 increased in a
dose-dependent manner. Furthermore, the inhibition
of apoptosis  with  pan-caspase  inhibitor,
Z-VAD-FMK, effectively blocked DSN-induced cell
death, indicating that DSN induced mitochondrial
dependent apoptosis.

In the following, we treated GBC cells with DSN
and measured ROS generation. We found that DSN
induced ROS accumulation at lower concentrations at
4h after DSN treatment. However, ROS scavengers
NAC and GSH, can repress ROS generation and
cytotoxicity, indicating that ROS was involved in
DSN-induced apoptosis. GSH acts as an anti-oxidant
by quenching reactive oxygen species and is involved
in the ascorbate-glutathione cycle, which eliminates
damaging peroxides. We measured GSH generation
and noted decreased GSH depletion. Thus, we
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concluded that DSN inhibits ROS elimination and
then induces significant ROS accumulation in GBC
cells, leading to oxidative damage and cell death. As
DSN inhibits GBC cells migration, we treated GBC
cells with DSN and NAC/GSH, and found that
DSN-induced  migration inhibition via ROS
generation. Furthermore, it is noteworthy that
blocking ROS generation prevented the DSN-induced
phosphorylation of PARP, caspase3 and caspase9,
demonstrating that DSN stimulated the production of
ROS, which subsequently actived DSN induced
mitochondrial dependent apoptosis.

PI3K/AKT signalling is frequently deregulated
in many human cancers, and AKT is a key
downstream effector of PI3K that regulates a variety
of Dbiological processes, including survival,
proliferation, apoptosis, and differentiation. Western
blot analysis indicated that DSN treatment strikingly
reduced PI3K/AKT pathway activation in GBC cells.

Moreover, AKT and p-AKT overexpression/
inhibition abolished/enhanced DSN-induced
apoptosis. However, DSN-induced migration

inhibition is not related to the PI3K/AKT signalling
pathway. All of these findings demonstrate that DSN
inhibits GBC cell proliferation and apoptosis by
regulating the PI3K-AKT signalling pathway.

Evidence indicates that transient or moderate
ROS production serves as a second messenger that
regulates AKT activation in various types of cells,
such as haematopoietic stem cells and cardiac cells.
Thus we performed experiments to confirm the
relationship between ROS and the PI3K/AKT
pathway. Our results showed that NAC and GSH
enhanced PI3K, p-AKT and AKT expression, whereas
ectopic AKT and LY294002 expression had no effect
on ROS generation. Therefore, we concluded that
DSN induces GBC cell apoptosis via regulating
ROS-mediated PI3K/AKT signalling.

Conclusion

Taken together, these findings indicate that DSN
induces GBC cell apoptosis by inhibiting of
PI3K/AKT signaling through a ROS-dependent
mechanism. Furthermore, DSN inhibits GBC cell
migration via ROS generation. Therefore, we believe
that DSN may be a novel and effective therapy for
GBC.
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