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Background: Gallbladder carcinoma is a highly malignant tumor and a public health problem
in some parts of the world. It is characterized by a poor prognosis and its resistance to radio
and chemotherapy. There is an urgent need to develop novel therapeutic alternatives for the
treatment of gallbladder carcinoma. The mammalian target of the rapamycin (mTOR) signaling
pathway is activated in about 50% of human malignancies, and its role in gallbladder carci-
noma has previously been suggested. In the present study, we investigated the phosphorylation
status of the mTOR substrate p70S6K in preneoplastic and neoplastic gallbladder tissues and
evaluated the effect of three mTOR inhibitors on cell growth and migration in gallbladder
carcinoma cell lines.

Methods: Immunohistochemical staining of phospho-p70S6K was analyzed in 181 gallblad-
der carcinoma cases, classified according to lesion type as dysplasia, early carcinoma, or
advanced carcinoma. Protein expression of AKT/mTOR members was also evaluated in eight
gallbladder carcinoma cell lines by Western blot analysis. We selected two gallbladder carcinoma
cell lines (G415 and TGBC-2TKB) to evaluate the effect of rapamycin, RAD001, and AZD8055
on cell viability, cell migration, and protein expression.

Results: Our results showed that phospho-p70S6K is highly expressed in dysplasia (66.7%,
12/18), early cancer (84.6%, 22/26), and advanced cancer (88.3%, 121/137). No statistical
correlation was observed between phospho-p70S6K status and any clinical or pathological
features, including age, gender, ethnicity, wall infiltration level, or histological differentiation
(P < 0.05). In vitro treatment with rapamycin, RAD001, and AZD8055 reduced cell growth,
cell migration, and phospho-p70S6K expression significantly in G-415 and TGBC-2TKB cancer
cells (P < 0.001).

Conclusion: Our findings confirm the upregulation of this signaling pathway in gallbladder
carcinoma and provide a rationale for the potential use of mTOR inhibitors as a therapeutic
strategy for human gallbladder carcinoma.
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Introduction

Gallbladder cancer (GBC) is the most common neoplasia of the biliary tract and it
is characterized by high mortality and a poor prognosis.! According to the Chilean
Department of Health Statistics (http://www.deis.cl), GBC is the second leading
cause of cancer death among women, with a mortality rate only slightly lower than

that of breast cancer. Most GBCs are diagnosed incidentally after a cholecystectomy,
and unfortunately it is usually at an advanced stage.? Strategies to improve overall
survival of patients with advanced GBC include the use of adjuvant radiotherapy and
chemotherapy with 5-fluorouracil, gemcitabine, and platinum analogs, which have been
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studied as single agents or in combination.>> On the basis
of a Phase III clinical trial,® the combination of gemcitabine
and cisplatin is considered the standard for treating patients
with unresectable, metastatic biliary tract cancers.” However,
despite the statistically significant higher response rate and
improved overall survival (compared with a gemcitabine-
only regimen), there are frequent adverse events arising
from these drugs.

In the last few years, molecular targeted therapy has
emerged as a promising strategy for the treatment of advanced
GBC and other biliary tract carcinomas. Different molecu-
larly targeted cancer drugs have been evaluated in patients
with advanced biliary tract carcinomas in Phase I/II studies,
either in monotherapy or in combination with other chemo-
therapeutic or targeted agents.®® Among these are bevaci-
zumab, the humanized monoclonal antibody against VEGF
(vascular endothelial growth factor),!®!! sorafenib, a multiki-
nase inhibitor that targets BRAF (a serine/threonine-specific
protein kinase) and VEGFR (VEGF receptor 1, 2 and 3),"?
and erlotinib'®'>* and cetuximab,'® which are small-molecule
inhibitors against the epithelial growth factor receptor. The
results of these trials highlight the clinical relevance of tar-
geted therapy in the management of biliary tract carcinomas,
but there is no conclusive evidence to determine its efficacy
in GBC because studies frequently group together different
biliary tract tumors which should be considered separately
due to their genetic heterogeneity.

In addition to VEGF and EGFR (epithelial growth
factor receptor), other molecules could also be interesting
“druggable” targets for GBC. Use of inhibitors against the
mTOR signaling pathway have been proposed as an attractive
therapeutic strategy based on the fact that this pathway seems
to be activated in GBC,'¢ and on preclinical data showing that
the mTOR inhibitor, rapamycin, can reduce the incidence
of gallbladder carcinoma in a transgenic mouse model."”
However, to our knowledge and according to ClinicalTrials.
gov,'® there is currently only one clinical study evaluating
the effectiveness and safety of mTOR pathway inhibitors in
biliary tract carcinomas, including some GBC cases in the
same category. This is a Phase II clinical trial conducted to
evaluate the use of an AKT inhibitor (MK2206) in patients
with advanced refractory biliary cancer (ClinicalTrials.gov
ID NCT01425879)."

mTOR is a serine/threonine kinase, the catalytic subunit
of two signaling complexes called mMTORC1 and mTORC2.
Both contain common and specific partner proteins: mMTORC1
contains RAPTOR, mLST8, and PRAS40; mTORC?2 also
contains mTOR and mLST8 but is defined by the unique

regulatory proteins RICTOR, mSIN1, and PROTOR.
Both mTORC1 and mTORC2 additionally interact with
DEPTOR, which inhibits their activities.?* Growth factors
and nutrients, such as vitamins and amino acids, promote
mTORCI1 signaling through phosphorylation of eukaryotic
initiation factor 4E-binding protein 1 (4E-BP1) and ribosomal
S6 kinase 1 (S6K1), which are the best known downstream
effectors of mMTOR. The regulation and function of mMTORC2
are less understood, but its role is recognized as a mediator of
actin cytoskeletal organization and cell polarization, and in
the phosphorylation of AGC kinase family members, which
regulate cell survival, cell cycle progression, and anabolism.
Further, mTORC?2 activity has been linked to mTORCI via
direct phosphorylation of RICTOR by S6K1.?!

A main pathway that signals through mTORCI1 is the
phosphoinositide 3 kinase (PI3K)/AKT (v-Akt murine
thymoma viral oncogene homolog-1) signal transduction
pathway, which is critically involved in mediation of cell
survival and proliferation.” AKT phosphorylates mTOR
directly, and activation of mTORCI1 results in phosphory-
lation of several downstream targets. The best character-
ized downstream substrates of mTORCI1 are 4E-BP1 and
the ribosomal protein p70S6K or S6K1. Phosphorylation
of 4E-BP1 releases elF4E, allowing the initiation of
translation. By acting on S6K, mTOR facilitates ribosome
biogenesis and translation elongation.?* The phosphoryla-
tion status of p70S6K is commonly used as a marker of
mTOR activity and for pharmacodynamic monitoring of
mTOR inhibition.?*

Since mTOR plays a central role in cell growth, prolifera-
tion, and survival, and since it is frequently upregulated in
tumor cells, thus contributing to tumor growth, angiogenesis,
and metastasis,”>? mTOR represents an ideal target in cancer
therapy. Indeed, the efficacy and safety of different mTOR
inhibitors have been evaluated in preclinical and clinical
trials across a wide range of cancers.?! The anticancer effi-
cacy of rapalogs (rapamycin analogs) and small inhibitors
(adenosine triphosphate [ATP]-competitive inhibitors) has
been evaluated in monotherapy and combination therapy.
Among them, everolimus (RADO0O1), an orally adminis-
tered rapamycin analog, has shown promising results in
experimental studies, inhibiting tumor growth and having
antiangiogenic effects,’3? and has been approved by the
US Food and Drug Administration for the treatment of renal
cell carcinoma refractory to inhibitors of VEGF receptor
signaling.’®> Although rapalogs have more favorable phar-
macokinetic and solubility properties than rapamycin, they
are only able to inhibit mTORCI signaling. By contrast,
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the new generations of mTOR inhibitors, which bind to the
ATP binding site of mTOR, inhibit the catalytic activity of
mTORC1 and mTORC2.3* The anticancer efficacy of these
inhibitors reported in preclinical evaluation has been superior
to that of rapamycin analogs.’>-3#

As mentioned previously, the mTOR signaling pathway
seems to be activated in human GBC. We have previously
shown that phosphorylation of mTOR is frequent in gallblad-
der tumors and it is associated with a poorer prognosis in
patients with advanced GBC.'¢ In order to validate mTOR
pathway activation in GBC, here we first investigated the
phosphorylation status of the mTOR substrate, p70S6K,
in preneoplastic and neoplastic gallbladder tissues by
immunohistochemistry. We then evaluated the activation of
the AKT/mTOR pathway and its major downstream compo-
nents in GBC cell lines, as well as the effect of three mTOR
inhibitors (rapamycin, RAD001, and AZD8055) on both cell
growth and migration. Our findings confirm mTOR pathway
activation in GBC tumors according to immunohistochemi-
cal analysis of phosphorylated p70S6K and in vitro assays
in GBC cell lines.

Materials and methods

Immunohistochemical expression
of phospho-p70S6K

A total of 181 gallbladder tissues from patients who under-
went curative surgical resection at Hernan Henriquez
Aravena Hospital (Temuco, Chile) between 1987 and 2010
were included in this study. Tissue microarrays were built
and samples were classified according to lesion type as
dysplasia (n = 18), early carcinoma (n = 26), or advanced
carcinoma (n = 137). Three different representative areas
per case were sampled. None of these patients had received
preoperative chemotherapy. Our study was approved by the
ethics committee of the School of Medicine, Universidad
de La Frontera, and all patients provided written informed
consent for use of their tumor tissue in clinical research.
Phospho-p70S6K expression was evaluated using a previ-
ously described immunohistochemistry protocol.* Briefly,
sections 4 um thick were deparaffinized with xylene and
rehydrated through an alcohol gradient. For epitope retrieval,
specimens were heated (95°C) for 30 minutes in citrate buffer
0.1 M (pH 6.0) in a pressure cooker. To reduce nonspecific
background staining, the slides were incubated in 3% hydro-
gen peroxide (H,0,) for 10 minutes. After incubation with
Ultra V Block (UltraVision LP detection system, Lab Vision
Corporation, Fremont, CA, USA) for 10 minutes at room tem-
perature, the tissues were incubated overnight at 4°C with a

mouse monoclonal anti-phospho-p70S6Ko (A-6, Santa Cruz
Biotechnology Inc, Santa Cruz, CA, USA) in a dilution of
1:50. Labeling was detected with the DAB-Chromogen system
(Dako North America Inc, Carpinteria, CA, USA) according
to the manufacturer’s protocol. After counterstaining with
Harris” hematoxylin, the section was dehydrated, cleared, and
mounted. We used gastric cancer tissue as the positive control
and omission of the primary antibody was used as a negative
control. The immunohistochemical staining of phospho-
p70S6K was examined by two independent and specialized
pathologists (JCR, OT) without any information about clini-
copathological features or prognosis. Immunohistochemical
staining was evaluated based on staining intensity and posi-
tive cells within the whole tissue section using a previously
described scoring system.*’ The phospho-p70S6K expression
level was evaluated by an H score,*' which was calculated by
multiplying the percentage of positive cells by the correspond-
ing staining intensity (1, weak; 2, moderate; and 3, strong),
giving a maximum score of 300 (100% X 3). H scores >50
were considered positive.

Cell lines

AKT/mTOR/p70S6K pathway expression was evaluated in
eight human GBC cell lines, ie, GB-d1, G-415, SNU-308,
OCUG-1, NOZ, TGBC-1TKB, TGBC-2TKB, and TGBC-
24TKB. GB-dl and SNU-308 were provided by Anirban
Maitra (Department of Pathology, Johns Hopkins University
School of Medicine, Baltimore, MD, USA); OCUG-1 and
NOZ were obtained from the Health Science Research
Resources Bank (Osaka, Japan); and G-415, TGBC-1TKB,
TGBC-2TKB, and TGBC-24TKB were purchased from
RIKEN BioResource Center (Ibaraki, Japan).

Cell culture growth conditions

G-415, GB-d1, and SNU-308 were grown in Roswell
Park Memorial Institute (RPMI) 1640 medium (Thermo
Scientific HyClone, Logan, UT, USA) supplemented with
10% fetal bovine serum, 10 units/mL penicillin and 10 mg/
mL streptomycin (1% penicillin/streptomycin, Thermo
Scientific HyClone). OCUG-1 was cultured in Dulbecco’s
Modified Eagle’s Medium (high glucose) and NOZ in
William’s E medium (Invitrogen, Life Technologies Cor-
poration, Grand Island, NY, USA) with 10% fetal bovine
serum and 1% penicillin/streptomycin. TGBC-1TKB
and TGBC-2TKB were grown in Dulbecco’s Modified
Eagle’s Medium (high glucose) supplemented with 5%
fetal bovine serum and 1% penicillin/streptomycin. All
eight cell lines were incubated at 37°C in a humidified
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atmosphere containing 5% CO, and subcultured during
the logarithmic phase.

mTOR inhibitors

LY294002 inhibitor (#9901) was purchased from Cell
Signaling Technology (Danvers, MA, USA). Rapamycin
(sirolimus, #S1039), everolimus (RADOO1, #S1120), and
AZDB8055 (#S1555) were purchased from Selleck Chemicals
(Houston, TX, USA). All inhibitors were dissolved at 10 mM
in dimethylsulfoxide as stock solutions and stored at —20°C.
All inhibitors were diluted in culture medium before each
experiment and 0.1% dimethylsulfoxide in culture medium
was used as a vehicle control.

Antibodies

Rabbit polyclonal antibodies purchased from Cell Signaling
Technology were used for Western blot analysis as follows:
anti-AKT (#4685), anti-phospho-AKT(Ser 473, #4060), anti-
elF4E (#2067), anti-phospho-elF4E (Ser209, #9741), anti-
4E-BP1 (#9644), anti-phospho-4E-BP1 (Thr37/46, #2855),
anti-p70S6K (#2708), anti-phospho-p70S6K (Thr389,
#9234) and anti-B-actin (#4970). The secondary antibody
was goat anti-rabbit IgG horseradish peroxidase (Santa Cruz
Biotechnology Inc). Mouse monoclonal anti-phospho-p70S6K
antibody (#sc8416) used for immunohistochemical analysis
was purchased from Santa Cruz Biotechnology Inc.

Western blot analysis

For inhibition assay, cells were seeded on 25 cm? culture plates
in triplicate at a density of 3 x 10° cells. After a 4-hour attach-
ment period, the cells were treated with LY294002 (10 uM),
rapamycin (50 nM), RADO0O1 (1 nM), AZD8055 (25 nM) and
0.1% dimethylsulfoxide (as control) for 18 hours. Cell lysate
from gallbladder cells was prepared using RIPA buffer (Sigma-
Aldrich Co, St Louis, MO, USA). Briefly, cells at 70%—80%
confluency were washed three times with cold phosphate-buff-
ered saline (PBS) and lysed on ice with RIPA buffer contain-
ing phenylmethylsulfonyl fluoride, protease and phosphatase
inhibitor cocktail (Sigma-Aldrich). Whole cell lysate was
collected after centrifugation at 8,000g for 10 minutes at 4°C.
Protein concentrations were determined using a BCA Protein
Assay Kit (Pierce, Thermo Fisher Scientific Inc, Rockford,
IL, USA) according to the manufacturer’ instructions. Equal
amounts of total cellular protein (30 1g) were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
in 4%—12% NuPAGE® Bis-Tris Precast Gels (Novex, Life
Technologies Corporation) and electrotransferred to polyvi-
nylidene difluoride membranes (Immobilon®-P membrane,

Millipore, Bedford, MA, USA). The membranes were blocked
with 1 X Tris-buffered saline containing 0.05% Tween (TBST)
and 5% fat-free milk for 1 hour at room temperature and incu-
bated overnight at 4°C with primary antibodies. After washing
with TBST, the membranes were further incubated with the
corresponding horseradish peroxidase-conjugated secondary
antibodies for 1 hour at room temperature. Antibody-bound
protein bands were detected with enhanced chemilumines-
cence reagent SuperSignal West Pico Substrate (Pierce) and
photographed with Amersham Hyperfilm ECL autoradiogra-
phy film (GE Healthcare Biosciences, Pittsburgh, PA, USA).
[B-actin expression was used as a loading control.

Cell viability assay

Cell viability was analyzed by MTS assay using CellTiter 96®
AQueousOne Solution Reagent assay according to the manu-
facturer’s instructions (Promega Corporation, Madison, WI,
USA). G-415 and TGBC-2TKB cell lines were seeded on
96-well culture plates in triplicate at a density of 3.5 x 10° cells
per well (100 pL medium/well). After an overnight attachment
period, cells were treated with LY294002 (10 uM), rapamycin
(50 nM), RADO001 (1 nM), AZD8055 (25 nM), and 0.1%
dimethylsulfoxide (as control). After 24, 48, and 72 hours,
20 uL of MTS solution were added to each well and the cells
were incubated for an additional 1 hour at 37°C. Cell viability
was determined by measuring absorbance at 490 nm using a
multiwell plate reader (Autobio Labtec Instruments Co, Ltd,
Zhengzhou City, People’s Republic of China). Viability percent
was calculated using the following formula:

Viability (%) = (X * 100%)/Y

where X is the absorbance of treated cells and Y is the absor-
bance of untreated cells.

Cell migration assay

Assays were performed using 24-well Transwell™ plates
containing polycarbonate filters with an 8 um pore size (BD
Biosciences, Bedford, MA, USA). Before seeding, cells were
exposed to LY294002 (10 uM), rapamycin (50 nM), RAD001
(1nM), AZD8055 (25 nM), and 0.1% dimethylsulfoxide (as
control) for 1 hour at 37°C. Complete RPMI 1640 medium
was then placed in the lower chamber and 2.5 X 10* cells sus-
pended in RMPI 1640 without fetal bovine serum were seeded
into the upper chamber. After 24 hours, the cells were fixed in
methanol for 15 minutes and then stained with 0.05% crystal
violet in 25% methanol/PBS for 15 minutes. Cells on top of
the membrane were removed using a cotton swab, and the
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filters were washed with PBS. Cells on the underside of the
filters were viewed and counted under a microscope in 16
randomly selected fields.

Statistical analysis

All statistical analyses were performed using Statistical
Package for the Social Sciences version 17 software (SPSS
Inc., Chicago, IL, USA). The association between phospho-
p70S6K expression level and clinicopathological variables
was examined using a Pearson’s chi-square test or a Fisher’s
exact probability test, with P < 0.05 being considered statisti-
cally significant. For cell viability and migration assays, dif-
ferences between groups (treated and control) were examined
using a two-way analysis of variance and Bonferroni post hoc
test, with P < 0.001 being considered statistically significant.
Data were presented as the mean * standard error of the mean
from at least three independent experiments.

Results
Phospho-p70S6K is highly expressed

in patients with advanced GBC
In order to establish whether AKT/mTOR downstream serine/
threonine kinase p70S6K is frequently activated in GBC,
we examined the expression of phospho-p70S6K (Thr389)
by immunohistochemistry on tissue microarrays containing
dysplasia (n = 18), early carcinoma (n = 26), or advanced
carcinoma (n = 137). Phospho-p70S6K immunohistochem-
istry expression was detectable with a uniform pattern in
the nucleus of epithelial cells throughout all different tissue
microarray cores. As a reference control, phospho-p70S6K
expression was also evaluated in a few cases of chronic
cholecystitis, which were mostly negative (Supplementary
Figure S1). All clinicopathological features were obtained
from medical records and are summarized in Supplementary
Table S1. Briefly, 26 cases were classified as pTla-pT1b
(mucosal or muscular layer infiltration) and 137 as pT2-pT4
(subserosal or serosal infiltration). According to histological
differentiation, 23 cases were classified as well differenti-
ated, 79 as moderately differentiated, and 50 as poorly
differentiated. As shown in Figure 1A—D, phospho-p70S6K
was positively immunostained in the cytoplasm of gallbladder
epithelial cells. As shown in Figure 1E, phospho-p70S6K was
highly expressed in dysplasia (66.7%, 12/18), early cancer
(84.6%, 22/26), and advanced cancer (88.3%, 121/137).
Statistical significance was found between dysplasia
and advanced cancer (P < 0.05). No statistically signifi-
cant correlation was observed between phospho-p70S6K
expression and any clinical or pathological variable, including

E Phospho-p70S6K status
222 Positive (%)
88.3% EEE3 Negative (%)

100 o
84.6% (121/137)

* (22126)

(6/18)

Frequency (%)
3

1 11.7%
| (22126)
Lo

Advanced

Figure | Immunohistochemical staining of phospho-p70S6éK in gallbladder tissue.
Representative images from gallbladder lesions showing intense (A), moderate (B),
weak (C), and negative intensity (D) staining of phospho-p70S6K. Images represent
original magnification 100x. (E) Frequency distribution for positive staining of
phospho-p70SSéK in sequential gallbladder lesions.

Note: *Compared with advanced gallbladder cancer (P < 0.05).

age, gender, ethnicity, wall infiltration level, or histological
differentiation (Supplementary Table S1).

AKT/mTOR pathway is activated

in human GBC cell lines

In order to validate the activation of mTOR pathway observed
in GBC tissues by immunohistochemistry, we examined the
AKT/mTOR pathway and its major downstream components
in eight GBC cell lines (GB-d1, G-415, SNU-308, OCUG-1,
NOZ, TGBC-1TKB, TGBC-2TKB, and TGBC-24TKB) by
Western blot. As shown in Figure 2, AKT/mTOR pathway
members are expressed differentially in human GBC cell
lines. Total AKT protein was detected strongly in five cell
lines, while phospho-AKT (Ser473) was only detected in
G-415, TGBC-1TKB, and TGBC-2TKB. All cell lines
expressed similar amounts of total p70S6K and elF4E
proteins. In contrast, phospho-p70S6K (Thr389) expression
was highly upregulated in TGBC-2TKB compared with the
other cell lines. Phospho-eIF4E was undetectable in this
cell panel. According to the constitutive activation status
of AKT/mTOR pathways detected by Western blot, only
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Figure 2 Activation of AKT/mTOR pathway in human gallbladder cancer cell lines. Total protein (35 ug) from eight gallbladder cancer cell lines were subjected to
immunoblotting using antibodies directed against AKT, phospho-AKT, p70S6K, phospho-p70S6K, elF4E, phospho-elF4E, 4E-BPI, and phospho-4E-BP|. Protein loading was

normalized using an antibody recognizing -actin.

Abbreviations: kDa, kiloDalton; B-actin, beta actin; AKT, protein kinase B; mTOR, mammalian target of rapamycin; p70S6K, p70S6é kinase; elF4E, eukaryotic translation

initiation factor 4E; 4E-BP1, eukaryotic translation initiation factor 4E-binding protein |.

G-415 and TGBC-2TKB were selected for the following
inhibition assays.

Exposure to mTOR inhibitors decreases
phosphorylation of AKT/mTOR

downstream proteins

To examine the inhibitory effect of mTOR inhibitors on
G-415 and TGBC-2TKB protein expression, cells were
exposed to LY294002 (10 uM), rapamycin (50 nM), RAD001
(1 nM), AZD8055 (25 nM), and 0.1% dimethylsulfoxide
(as control) for 18 hours. Cells were lysed and analyzed
by Western blot using commercial antibodies. As shown in
Figure 3, treatment with either mTOR inhibitor decreased the
phosphorylated status of p70S6K in both cell lines markedly,
although a slight activation of total p70S6K was observed
in TGBC-2TKB. No significant changes were observed in
total AKT and 4E-BP1 protein expression under the treat-
ment conditions assayed. Similar results were also observed
in the G-415 cell line.

Effects of ATP-competitive inhibitors

of mMTOR on cell viability and cell
migration

The inhibitory effect of various mTOR inhibitors, includ-
ing £Y294002 (an PI3K inhibitor) as a positive control,

were tested on G-415 and TGBC-2TKB cells. Cell viability
was analyzed by MTS assay according to the manufacturer’s
protocol. Cells were treated with increasing concentrations
of LY294002, rapamycin, RAD0O01, and AZDS8055 for 24,
48, and 72 hours. As shown in Figure 4, cell growth was
significantly decreased by each inhibitor, concentration, or
cell line used (P < 0.001). However, after 72 hours of drug
treatment, even at the lowest concentration used, rapamycin
and AZD8055 inhibitors showed the highest inhibition rate
compared with the control (0.1% dimethylsulfoxide). The
respective inhibition rates were as follows: G-415 (44.2%
and 43.4%) and TGBC-2TKB (48.1% and 46.1%).

In order to establish the inhibitory effect of each inhibitor
on cell migration, G-415 and TGBC-2TKB were exposed to
0.1% dimethylsulfoxide (as control), LY294002 (10 uM),
rapamycin (50 nM), RAD001 (1 nM), and AZD8055 (25 nM)
for 1 hour. All concentrations evaluated corresponded to the
minimum used for each inhibitor in cell viability assays,
where a significant difference was observed compared with
the untreated control. After 24 hours, the migration rate was
significantly lower in treated cells than in untreated cells
(P < 0.001). In the same way, suppression of cell migra-
tion was significantly greater in rapamycin and AZD8055
compared with LY294002 or RADOO1 (Figure 5 and Supple-
mentary Figure S2). Relative migration rates observed in

submit your manuscript

1378

Dove

OncoTargets and Therapy 2013:6


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

Dovepress

P70S6K is frequently phosphorylated in gallbladder cancer

G-415 TGBC-2TKB
DMSO LY29 Rapa Everol AZD DMSO LY29 Rapa Everol AZD
01% 10um 50nM 1nM 25nM 01% 10um 50nM 1nM 25nM
AKT
phospho-AKT
p70S6K

phospho-p70S6K
4E-BP1
phospho-4E-BP1
elF4E

phospho-elF4E

B-actin

Figure 3 Effect of mTOR inhibitors of mMTOR on AKT/mTOR signaling pathway in two gallbladder cancer cell lines. G-415 and TGBC-2TKB cells were grown in Roswell
Park Memorial Institute 1640 medium supplemented with 10% fetal bovine serum and treated with LY294002 (10 uM), rapamycin (50 nM), RADOO! (I nM), and AZD5085
(25 nM) for 18 hours. Control cells received an equivalent amount of solvent (0.1% dimethylsulfoxide). Western blot analysis was carried out using antibodies against the

total and phosphorylated portion of AKT, p70S6K, 4E-BP|, and elF4E proteins.

Abbreviations: DMSO, dimethyl sulfoxide; LY29, LY294002 PI3 kinase inhibitor; Rapa, rapamycin; Everol, everolimus; AZD, AZD-8055.

G-415 were 40.6% (rapamycin) and 36.9% (AZD8055),
while TGBC-2TKB showed a relative migration rate lower
than G-415, with 28% (rapamycin) and 9.6% (AZD8055),
respectively.

Discussion
mTOR is a highly conserved serine/threonine protein kinase
that integrates both intracellular and extracellular signals
and serves as a central regulator of cell metabolism, growth,
proliferation, and survival.*? mTOR exerts its different bio-
logical functions primarily through forming two complexes,
mTORC1 and mTORC?2, both characterized by their associa-
tion with essential partner proteins, which regulate kinase
specificity towards distinct downstream targets.”” mTORC1
is best characterized by its ability to regulate cell growth
and protein translation via phosphorylation of p70S6K1
and 4E-BPs. Meanwhile, mTORC?2 is a mediator of actin
cytoskeletal organization and cell polarization, and is also
the critical kinase for AKT Ser473 phosphorylation.?!
Deregulation of the mTOR signaling pathway has been
associated with the pathogenesis of various human cancers,
and several studies have shown its role in angiogenesis, tumor
growth, and metastasis.” > Wu et al were the first to suggest
that the AKT/mTOR pathway is activated in human GBC.
They reported that both phospho-AKT and phospho-mTOR

levels are significantly increased in human adenocarcinoma
(74.1% and 92.6%, respectively) compared with normal
human gallbladder specimens (28.6%). The authors also dem-
onstrated that rapamycin significantly reduced the incidence
and severity of the gallbladder carcinoma in a transgenic
animal model of GBC (BK5.erbB2 mice) in a dose-dependent
manner.” Recently, our research group reported the immuno-
histochemical expression of phospho-mTOR in 128 advanced
gallbladder carcinomas and 99 cases of chronic cholecystitis
(Wu et al'” analyzed 27 GBC and seven normal tissues).'®
We showed that phospho-mTOR expression is significantly
elevated in human gallbladder carcinoma (64%) compared
with non-neoplastic tissues (24%). mTOR activation was
correlated with a worse prognosis in patients with advanced
GBC.'¢

As part of the current study, we analyzed the phos-
phorylation status of p70S6K in human GBC by
immunohistochemistry. p70S6K is probably one of the
best characterized downstream effectors of mTORCI. This
cytoplasmic serine/threonine kinase is phosphorylated and
activated by mTOR in mitogenic pathways downstream from
PI3K, and is mainly known to regulate protein translation
through phosphorylation of the 40S ribosomal protein S6.%
Elevated levels or activation of S6K have been associated
with several cancers*-! and resistance to chemotherapeutic
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Figure 4 Effect of mTOR inhibitors on cell growth. G-415 (A) and TGBC-2TKB (B) cells were treated with LY294002, rapamycin, RADOOI, and AZD8055 at shown
concentrations.

Notes: Cell viability was measured after 24, 48, and 72 hours of treatment using CellTiter 96® AQueous One Solution Reagent assay. Viable cells are expressed as the
percentage of control (untreated cells; 0.01% dimethylsulfoxide). Values represent the mean + standard error of the mean of at least three independent experiments in
triplicate. *P < 0.05; **P < 0.01, ***P < 0.001 versus control.

Abbreviations: DMSO, dimethyl sulfoxide; mTOR, mammalian target of rapamycin.

drugs.*354 As a downstream effector of mTOR pathway,  (88.3%, 121/137). We also observed an elevated expression
the phosphorylation status of p70S6K is commonly used as  in dysplasia (66.7%, 12/18), and there was a significantly
amarker of mTOR activity and for pharmacodynamic moni-  difference in the expression of phospho-p70S6K between
toring of mTOR inhibition.?* In this study, we found strong  dysplasia and advanced cancer. The level of phospho-p70S6K
positive staining for phospho-p70S6K in gallbladder tumors  did not correlate with any of the evaluated clinicopathological
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Figure 5 Effect of rapamycin, RADOOI, and AZD8055 on cell migration.
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Notes: Assays were performed using 24-well Transwell™ plates containing polycarbonate filters with an 8 um pore size. Before seeding, G-415 and TGBC-2TKB cells were
exposed to LY294002 (10 uM), rapamycin (50 nM), RADOOI (I nM), and AZD8055 (25 nM) for | hour. Dimethylsulfoxide 0.1% was used as the control. Cells were counted
after 24 hours using an optic microscope in |6 randomly selected fields. Results were obtained from three separate experiments and are expressed as the mean * standard

error of the mean. ***P < 0.001 compared with control.
Abbreviation: DMSO, dimethyl sulfoxide.

parameters, which was expected given the high levels of
activated p70S6K in most cases.

The phosphorylation status of p70S6K, as well as other
components of the mTOR pathway, has already been evalu-
ated in intrahepatic cholangiocarcinoma, another biliary tract
carcinoma. Wang et al* evaluated the immunohistochemical
expression of phosphorylated mTOR and its downstream
effectors, phospho-p70S6K and phospho-4E-BP1, in
77 intrahepatic cholangiocarcinomas. They found high levels
of'the three phosphorylated proteins, demonstrating the high
prevalence of mTOR pathway activation in these tumors.*
Similarly, Lee et al explored the prognostic significance of the
AKT]1 pathway in a large cohort of intrahepatic cholangio-
carcinomas (101 cases). Expression levels of the downstream
substrates of mMTOR, phospho-p70S6K, and p-4E-BP1 were
lower than those reported by Wang et al, but these differences
might be due to the H score cutoff defined by each research
group.” Nevertheless, both studies suggest a role of the AKT/
mTOR pathway in intrahepatic cholangiocarcinoma.

On the basis of measuring p70S6K activity, our findings
suggest that mTOR signaling is highly active in the early
stages of gallbladder carcinogenesis, increasing significantly
in advanced GBC. Since both phospho-mTOR and phospho-
p70S6K are frequently upregulated in patients with advanced
GBC, inhibition of the mTOR signaling pathway could be
considered a therapeutic strategy in a high proportion of
GBC patients.

In addition to the immunohistochemical results, we present
here further evidence regarding the activation of this signal-
ing pathway in GBC. Eight GBC cell lines were character-
ized according to the expression of different components of
the AKT/mTOR pathway. Thus, we chose an in vitro model

to study the implications of mTOR inhibition using dif-
ferent agents. Based on phospho-AKT expression, G-415,
TGBC-1TKB, and TGBC-2TKB could represent an adequate
AKT/mTOR cell model for in vitro experiments and further in
vivo studies using xenograft mouse models. G-415 was origi-
nally established from the ascites of a patient with dissemina-
tion of GBC,* TGBC-2TKB from a well differentiated tubular
adenocarcinoma, and TGBC-1TKB from a poorly differenti-
ated tubular adenocarcinoma in a lymphonode metastasis.’’
Considering cell culture characteristics (growth rate), mTOR
inhibitors were assayed in G-415 and TGBC-2TKB.

We compared the effect of rapamycin, RAD001 (everoli-
mus, a rapamycin analog) and AZD-8055 (an ATP-competi-
tive inhibitor) on the expression of downstream components
of the AKT/mTOR pathway and changes in cell growth and
migration capability. The results showed that the three agents
induced partial cell growth inhibition of both cell lines (P <
0.001, Figure 4) in a dose-dependent manner. The in vitro
migration capability was significantly affected by all drugs
(P < 0.001), although TGB-2TKB cells were more sensi-
tive than G-415. This could be explained, at least in part,
by the apparently constitutive activation of the AKT/mTOR
pathway in TGB-2TKB which makes them more responsive
to these molecular targeted treatments. With respect to the
inhibitors used in this study, the inhibitory effect of AZD8055
on cell migration was more effective than that of rapamy-
cin and RADO01. AZD8055 binds to the mTOR kinase
domain and therefore effectively inhibits both mTORCI1
and mTORC?2 and has a more profound effect on mTORC1
than rapamycin.*

The role of p70S6K activity in cancer includes promo-
tion of both cell growth and migration. Ip et al showed a
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role for p70S6K in the directed migration of human ovarian
cancer cells through its ability to directly and indirectly
reorganize the actin cytoskeleton via its actin filament
cross-linking and Racl/Cdc42-activating activities.®
Given that p70S6K has a well-established role in protein
synthesis, this interaction may also have significance in
synthesizing local proteins important for propagating the
migratory response.

Targeting multiple sites in the PI3K pathway is the cur-
rent research focus for the development of new anticancer
therapies, mainly due to the limited spectrum of clinical
response observed with single-agent therapy. This may be
due in part to the presence of numerous negative feedback
mechanisms on mTOR signaling that can lead to activation
of upstream proteins, including AKT.* For this reason, novel
agents that target different components of the mTOR pathway,
including AKT, p70S6K, 4E-BP1, and phosphoinositide-
dependent protein kinase 1, are under investigation in
preclinical and clinical studies in other tumors. Considering
the high expression of phospho-p70S6K in gallbladder
carcinomas, this enzyme could be an interesting target for
highly specific cancer therapy. Recently, a new dual inhibi-
tor of AKT/p70S6K has been evaluated in a Phase I clini-
cal trial with patients affected by refractory solid tumors. The
drug, LY2780301, is a highly potent, selective, and orally
bioavailable ATP-competitive inhibitor against p70S6 kinase
and AKT. Preliminary results indicate that LY2780301 has a
favorable safety profile and high pharmacokinetic exposures
in the range of efficacious doses.”

Conclusion

Despite recent advances in cancer therapy and increased
knowledge about cancer biology, the prognosis of patients with
GBC remains very poor. To date, several Phase I/II studies have
evaluated the efficiency of combined therapy in unresectable,
advanced biliary tract carcinomas using classic chemotherapy
agents and specific molecularly targeted drugs. However, there
is no conclusive evidence that these approaches are more effec-
tive than the standard chemotherapy regimen. Therefore, there is
an urgent need to develop novel therapeutic alternatives for the
treatment of GBC. Our present findings confirm mTOR pathway
activation in GBC tumors according to immunohistochemi-
cal analysis of phosphorylated p70S6K and in vitro assays in
GBC cell lines. The high frequency of upregulated p70S6K
(>80%) reported in this study suggests that a high proportion of
GBC patients might benefit from mTOR pathway-targeted thera-
pies, and also provides a potential novel therapeutic target.
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Supplementary materials

Table S| Association of phospho-p70S6K expression status (positive/negative) and clinicopathological parameters

Category Subcategory  Dysplasia (n = 18) Early cancer (n =26) Advanced cancer (n = 137)
Positive = Negative  P-value Positive Negative P-value Positive Negative P-value

Age <65 9 4 0.71 14 | 0.28%* 62 7 0.61*
=65 3 2 8 3 59 9

Sex Female 10 5 >0.99% 20 4 >0.99* 98 16 0.07*
Male 2 | 2 0 23 0

Ethnicity Mapuche 0 0 3 0 >0.99% 29 3 0.76*
Hispanic 12 6 19 4 92 16

Histological Moderate 8 0 0.06 13 2 0.53

differentiation™  Well 6 | 66 6
Poor 7 | 36 6

Notes: P-value for the chi-square test; *Fisher’s exact test. **Three (early cancer) and eight (advanced cancer) cases with missing information were excluded from analysis.

Figure S| Immunohistochemical staining of phospho-p70S6K in chronic cholecystitis.
(A) Chronic cholecystitis negative for phospho-p70S6K immunohistochemistry.
(B) Chronic cholecystitis showing positive staining of phospho-p70S6K.

TGBC-2TKB

Control
(DMSO)

G-415

LY294002 Rapamycin RADO01
(50 nM) (1 nM)

AZD8055
(25 nM)

Figure S2 Representative images of the effect of mTOR inhibitors on cell migration. Assays were performed using 24-well Transwell™ plates containing polycarbonate filters
with an 8 um pore size. Before seeding, G-415 and TGBC-2TKB cells were exposed to LY294002 (10 uM), rapamycin (50 nM), RADOOI (I nM), and AZD8055 (25 nM) for
I hour. Dimethylsulfoxide (DMSQ) 0.1% was used as control. Cells were counted after 24 hours using an optic microscope.
Abbreviations: DMSO, dimethyl sulfoxide; mTOR, mammalian target of rapamycin.

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open access
journal focusing on the pathological basis of all cancers, potential
targets for therapy and treatment protocols employed to improve the
management of cancer patients. The journal also focuses on the impact

of management programs and new therapeutic agents and protocolson  published authors.

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

Dovepress

patient perspectives such as quality of life, adherence and satisfaction.
The manuscript management system is completely online and includes
avery quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from

1384 submit your manuscript | www.dovepress.com

Dovepress

OncoTargets and Therapy 2013:6


http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


