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Abstract
Background & Aims—Gallbladder carcinoma (GBCa), a type of biliary tract cancer (BTC), has
proven challenging to treat demonstrating the need for more effective therapeutic strategies. In our
current study, we examined the therapeutic effects of the histone deacetylase (HDAC) inhibitor
PCI-24781 against GBCa that developed in BK5.erbB2 mice.

Methods—PCI-24781 [50 mg/kg/day] and control solution were delivered to BK5.erbB2 mice
for four weeks. The therapeutic effect of PCI-24781 was evaluated via ultrasound biomicroscopy
(USBM) throughout the experiment and histological analyses at the end of the experiment. To
investigate potential mechanisms for the therapeutic effects of PCI-24781 on GBCa in BK5.erbB2
mice, PCI-24781-treated gallbladders were subjected to Western blot and RT-PCR analysis. The
inhibitory effect of PCI-24781 on the growth of BTC cells was compared to the HDAC inhibitor
suberoylanilide hydroxamic acid (SAHA) and gemcitabine. To study the role of miRNAs in GBCa
tumorigenesis, the expression profile of 368 miRNAs in GBCas from BK5.erbB2 (both treated
and untreated) and wild-type mice was analyzed.

Results—Treatment of BK5.erbB2 mice with PCI-24781 for one month prevented 79% of GBCa
cases from progression and showed a clinical effect in 47% of cases. We also confirmed a potent
inhibitory effect on tumor cell growth in human BTC cell lines treated with PCI-24781. This
effect was associated with down-regulation of erbB2 mRNA and erbB2 protein/activity and up-
regulation of acetylated histone and acetylated tubulin. Treatment with PCI-24781 resulted in
decreased expression of Muc4, an intramembrane ligand for erbB2, in BTC cells. PCI-24781 had
more effect on inhibiting growth of BTC cells than SAHA. In addition, PCI-24781 effectively
inhibited the growth of gemcitabine-resistant cells. MiRNA profiling revealed that the expression
of several miRNAs were significantly altered in GBCa in the BK5.erbB2 mouse compared to
normal gallbladder, including up-regulated miR21, which was down-regulated by PCI-24781.
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Conclusion—These results indicate that PCI-24781 potently inhibits the growth of BTC cells by
decreasing erbB2 expression and activity as well as regulating altered miRNA expression.
PCI-24781 may have potential value as a novel chemotherapeutic agent against human BTC in
which erbB2 is overexpressed.

Introduction
GBCa has proven challenging to treat due to both it’s poor sensitivity to conventional
therapies and its inability to be detected at an early stage. These difficulties lead to a poor
overall prognosis [1] and demonstrate the need for better therapeutic modalities.
Overexpression of erbB2 has been reported in a significant percentage of human BTC and
believed to be one of the major mechanisms underlying BTC carcinogenesis [1–5]. The
established frequency of erbB2 overexpression in all BTCs ranges from 6.2 to 65.0% [1, 4,
5], which may be due to differences in experimental method, the use of different antibodies
for immunostaining, or the different criteria used for evaluation. Other evidence for the
involvement of erbB2 in the development of BTC malignancies comes from chemically-
induced animal models using furan [6] and transfected cell model [2].

We previously reported on the development of GBCa in transgenic mice where expression
of a rat erbB2 cDNA is targeted to the basal layer of epithelial tissues by the bovine keratin
5 (BK5) promoter (BK5.erbB2 mice) [7]. GBCa develops in approximately 80% of these
transgenic mice by 2 months of age. Similarities between GBCa in BK5.erbB2 mice and
humans include histopathological and molecular characteristics [7, 8].

HDACs contribute to the regulation of a limited number of genes involved in cell growth,
differentiation, and survival [9]. It has been hypothesized that aberrant patterns of histone
acetylation maintain the transformed state of human tumors, a state that can be reversed by
inhibiting these HDACs. Changes in expression of HDACs have been reported in various
cancers [9].

More than ten different HDAC inhibitors, including a broad-spectrum phenylhydroxamic
acid HDAC, PCI-24781 (Pharmacyclics, Sunnyvale, CA), are currently undergoing clinical
trials [10].

In this study, we examined the therapeutic effects of PCI-24781 against GBCa that develops
in BK5.erbB2 mice. To elucidate the mechanism of these inhibitory effects, the altered
expressions and activities of erbB2, its downstream signaling molecules, Muc4, and the
expression profile of miRNAs were also determined after treatment.

Materials and Methods
Human BTC Cells and Chemicals

Human BTC cell lines TGBC and Sk-ChA-1 [11] were provided by Dr. Takeshi_Todoroki
(Tsukuba University, Ibaraki, Japan). PCI-24781 was provided by Pharmacyclics, Inc.
(Sunnyvale, CA).

Animals and Treatment Protocols
BK5.erbB2 mice are maintained in the University of Texas M. D. Anderson Cancer Center,
Science Park – Research Division. Twenty-eight candidate BK5.erbB2 mice were screened
for the presence of GBCas via USBM (Visual Sonics, Toronto, Canada) at 2 months of age
in order to ensure that each group had an initial GBCa incidence of 100%. PCI-24781 [50
mg/kg/0.2 ml/day, i.p. injection twice a day], dissolved in 50 mM sodium lactate buffer (pH
4.2), was delivered to 19 BK5.erbB2 mice five consecutive days per week for four weeks.
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The same solution without PCI-24781 was delivered to 9 BK5.erbB2 mice as control. The
animals were monitored twice weekly to evaluate systemic toxicity and body weight. The
sizes of tumors in the mice were monitored via USBM every two-weeks. Feeding was
stopped 24 hours prior to USBM analysis for gallbladder volume maximization. The
determination of the tumor size via USBM was performed as a blinded experiment. All
experiments were carried out with strict adherence to institutional guidelines for minimizing
distress in animals.

Histological Analysis
After being fixed in formalin and embedded in paraffin, 5 µm serial sections (28 µm
between each section) of biliary tract tissue were cut and stained with H&E. Utilization of
BrdU as a proliferation marker was performed as previously described [8].

Immunofluorescence Staining
The expression and localization of erbB2, phosphorylated erbB2 (p-erbB2), EGFR, and p-
EGFR were determined using immunofluorescence on sections of gallbladders as described
previously [7]. Sections were analyzed using a laser confocal microscope (Zeiss 510 Meta).

Cell Growth
Growth of human BTC cells treated with PCI-24781, SAHA, or gemcitabine was
determined via the Cell Proliferation Assay Kit (Promega, Madison, WI) according to the
manufacturer’s protocol. Each experiment was performed at least three to four times.

Western Blot Analysis
Epithelial cell lysates were prepared from three pooled mouse gallbladders, as described
previously [12]. Anti-Muc4 antibody was kindly provided by Dr. Surinder Batra (University
of Nebraska). All experiments were done in triplicate and experiments were repeated at least
twice.

Evaluation of Therapeutic Efficacy of PCI-24781
The final diagnosis of GBCa tumors was based on images generated through USBM and
histological analyses. The criteria for evaluation of therapeutic effects are as follows:
Complete Response (CR): complete disappearance of a previous tumor; Partial Response
(PR): >30% reduction of all the measurable lesions in the tumor; Minimum Change (MC):
<30% change in the measurable size of the tumor compared with the original tumor;
Progressive Disease (PG): >30% increase in the size of all measurable lesions in the original
tumor or the appearance of new lesion(s).

Detection of Levels of mRNA by Real Time PCR
erbB2 mRNA transcript levels were assessed as previously described [13].

Primary Culture of Gallbladder Epithelial Cells from BK5.erbB2 and Wild-type Mice
The long-term culture of gallbladder epithelial cells from both BK5.erbB2 and wild-type
mice were prepared as previously described [14].

Micro RNA Microarray
To compare the expression of miRNA in GBCa to that in control gallbladders, RNA from 8
GBCas from BK5.erbB2 mice and 30 gallbladders from wild-type mice were isolated. In
addition, to study the effect of PCI-24781 on the expression of miRNAs in GBCa, the
expression of miRNAs in GBCas treated with PCI-24781 was compared to that in untreated
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GBCas. A microarray was performed and the expression profiles of 368 miRNAs were
analyzed at the University of Texas MD Anderson Cancer Center, Science Park Molecular
Biology Core. The ratios of miRNA were the average value of three independent
experiments.

Detection of Plasma Concentration of PCI-24781 in BK5.erbB2 Mice
The plasma concentration of PCI-24781 in BK5.erbB2 mice was measured by administering
PCI-24781 (50 mg/kg/day in 50 mM sodium lactate buffer, pH 4.2) i.p. to these mice twice
daily for 2 weeks. Blood samples were collected 4 hours after the last injection and plasma
was assayed for PCI-24781 by liquid chromatography with tandem mass spectrometry as
previously described [10].

Statistical Analysis
All of the data are expressed as the mean ± SD. Statistical significance was determined by
the Mann-Whitney U-test and the Fisher’s exact test. p < 0.05 was considered to be
significant.

Results
Therapeutic Efficacy of PCI-24781 on GBCa in BK5.erbB2 Mice

All mice were screened for GBCa via USBM at the start of treatment. Serial sections stained
with H&E were analyzed to verify the therapeutic evaluation determined by USBM. Of the
control group (n=9), seven mice (78%) were diagnosed as Progressive Disease (PG) and
only two cases (22%) were diagnosed as Minimum Change (MC) (Fig. 1A left). While no
diagnosis of Complete Response (CR) was made in the treated group, nearly half (47%) of
the treated mice were diagnosed as Partial Response (PR). Six cases (32%) from this group
were diagnosed as MC and only four cases (21%) were diagnosed as PG (Fig. 1A right).
Thus, nearly 80% of treated mice showed either therapeutic efficacy (PR) or prevention
from progression (MC). These effects are statistically significant compared with the control
group. None of the treated BK5.erbB2 mice showed any signs of toxicity, neurogenic
abnormalities or significant difference in body weight gain.

To examine the level of PCI-24781 in the serum, blood samples were collected 4 hours after
the last treatment (50 mg/kg/day, i.p. injection twice a day for 2 weeks). The concentration
of PCI-24781 in the plasma of BK5.erbB2 mice was 3.2 ± 0.6 nM (Suppl 1). In a previous
study, this plasma concentration was sufficient to inhibit growth of xenografted tumors [10].
Therefore, the in vivo effects noted in BK5.erbB2 mice are likely attributable to the
therapeutic effects of PCI.

Typical USBM images shown in Figure 1B (upper panel) revealed that the gallbladder
epithelial tumors in the untreated BK5.erbB2 mice dramatically progressed by the end of the
experiment, leading to complete luminal obstruction with tumor cells.

Typical images of a gallbladder diagnosed as PR from a mouse treated with PCI-24781 in
Figure 1B (lower panel) reveal that the tumors significantly diminished after four weeks of
treatment.

Histological Examination of Gallbladders from BK5.erbB2 Mice Treated with PCI-24781
H&E (Fig. 1C, left) and BrdU (Fig. 1C, right) staining demonstrated that the gallbladder
lumen in BK5.erbB2 mice was completely covered by well-differentiated adenocarcinoma
with a high number of BrdU-positive (proliferating) cells. The lower panel of Figure 1C
shows H&E and BrdU staining of a gallbladder from a treated mouse diagnosed as PR,
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shown in Figure 1B. A majority of the epithelial cells developed minor nuclear atypia and
formed a monolayer. The ratio of BrdU-positive cells in treated gallbladder was significantly
lower than that in the untreated gallbladder (0.7 ± 0.2% and 4.2 ± 0.5, respectively).
Interestingly, thickened stromal tissue was also observed in cases diagnosed as PR (Fig. 1C,
left lower). This may indicate the reactivation of regenerative processes after PCI-24781-
mediated regression of tumor cells.

Significant Reduction of Total and Phosphorylated Levels of ErbB2 in Gallbladders of
PCI-24781-Treated BK5.erbB2 Mice

Four gallbladders diagnosed as PR and PG in treated BK5.erbB2 mice, and gallbladders
diagnosed as PG in non-treated BK5.erbB2 mice were pooled into groups. In gallbladders
diagnosed PR, the levels of total erbB2, p-erbB2, p-EGFR (not total EGFR), and the
phosphorylated forms of their downstream signaling molecules such as p-MAPK, p-Akt, and
p-mTOR were significantly decreased compared to those of gallbladders from non-treated
BK5.erbB2 mice (Fig. 2A). In gallbladders diagnosed as PG, levels of downstream signaling
molecules were decreased to a similar level as the PR cases, however, the degree of
reduction in levels of total erbB2 and p-erbB2 were not remarkable compared to those found
in PR cases (Fig. 2A). Relatively high levels of acetylated tubulin and acetylated histone,
markers of HDAC inhibitor activity, were observed only in PR cases (Fig. 2A).

Down-regulation of both erbB2 and p-erbB2 in treated PR cases was confirmed by
immunofluorescence analysis (Fig. 2B, middle panels). In PR cases, the levels of
membrane-bound total and p-erbB2 were significantly reduced. In both non-treated (Fig. 2B,
upper panels) and treated PG cases (Fig. 2B, lower panels), high amounts of membrane-
bound total and p-erbB2 were observed. In addition, to confirm the ability of PCI-24781 to
decrease the erbB2 level in primary cultured gallbladder epithelial cells, cells from both
BK5.erbB2 and wild-type mice were exposed to 0.1, 1, and 5 µM of PCI-24781 for 18
hours. ErbB2 expression was significantly higher in cells from BK5.erbB2 mice than that
found in wild-type mice (Fig. 2C), and that a majority of erbB2 protein was localized in the
cytoplasmic membrane. Treatment with PCI-24781 resulted in dose-dependent decreased
expression of erbB2 and reduction in cell number in cells from BK5.erbB2 mice (Fig. 2C).

PCI-24781 Strongly Decreased ErbB2 mRNA Levels in Gallbladders of BK5.erbB2 Mice
Three gallbladders from each group (non-treated BK5.erbB2 diagnosed as PG, treated
BK5.erbB2 diagnosed as PR, and treated BK5.erbB2 diagnosed as PG) were pooled and
erbB2 mRNA levels were determined by quantitative RT-PCR. Compared to untreated mice,
the level of rat-transgene erbB2 mRNA was markedly decreased in PR cases of treated mice
and moderately decreased in PG cases of treated mice (Fig. 2D). Relative percentages of
mRNA levels in PR and PG cases were 9.5% and 66%, respectively, compared to those of
untreated mice (100%). We confirmed that this effect was not due to inhibition of the BK5
promoter by PCI-24781 by using an additional BK5 promoter-driven mouse model (data not
shown). These results indicate that erbB2 mRNA levels were associated with the therapeutic
outcome of PCI-24781 treatment. Levels of endogenous mouse erbB2 were significantly
low (less than 1 × 10–5 % of rat mRNA levels) in the gallbladder of BK5.erbB2 mice.

Inhibitory Effect of PCI-24781 on the Growth of Human BTC Cells
We also examined the effect of PCI-24781 on growth of two human BTC cell lines, Sk-
ChA-1 and TGBC. PCI-24781 treatment at concentrations from 0.1 – 10 µM resulted in
growth inhibition in both cell lines (Fig. 3A). Sk-ChA-1 cells, which have significantly
higher erbB2 levels than TGBC cells (Fig. 3A), were more susceptible to PCI-24781 at a
concentration of 1 µM or higher. The IC50 values of Sk-ChA-1 and TGBC cells were 0.85
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and 1.25 µM, respectively. This inhibition was shown to be associated with dose-dependent
induction of apoptosis via TUNEL assay (data not shown).

Localization of erbB2 After Treatment with PCI-24781 in Human BTC Cells
Figure 3B (left panel) shows the change of erbB2 level in cytoplasmic and membrane
fractions in Sk-ChA-1 cells treated with 0.5 µM PCI-24781 for 0 – 18 hours as determined
by Western blot analysis (Fig. 3B, upper left panel) and densitimetric analysis (Fig. 3B,
lower panel). After 12 hours of treatment, the level of total erbB2 protein in both fractions
started to decrease and continued decreasing after 18 hours of treatment. This reduction of
erbB2 was confirmed by immunohistochemical analysis in the cells treated for 18 hours
(Fig. 3B, upper right panel).

Comparison of the Inhibitory Effect of PCI-24781 to SAHA on the Growth of Human BTC
Cells

To compare the inhibitory effect of PCI-24781 on human BTC cells to that of the HDAC
inhibitor SAHA, Sk-ChA-1 and TGBC cells were exposed to various concentrations of
SAHA for 72 hours. At a concentration of 0.5 µM and higher, PCI-24781 showed a more
potent inhibitory effect on the viability of both Sk-ChA-1 and TGBC cells than that of
SAHA (p<0.05) (Fig. 4A).

Comparison of the Inhibitory Effect of PCI-24781 to Gemcitabine on the Growth of Human
BTC Cells

We compared the inhibitory effects of PCI-24781 to gemcitabine, a first line drug for the
treatment of human BTC [15]. Sk-ChA-1 and TGBC cells were exposed to various
concentrations of gemcitabine. Growth of Sk-ChA-1 cells was significantly inhibited with
0.05 µM gemcitabine alone, although gemcitabine treatment at 0.1 µM and above resulted in
the same degree of inhibition (Fig. 4B). On the contrary, TGBC cells were resistant to
treatment with gemcitabine alone, with 67% of cells viable after treatment at a concentration
of 20 µM (Fig. 4B). No statistical significance was found in the additive effects by two
compounds (data not shown).

Status of erbB2, EGFR, and their Downstream Signaling Molecules in Human BTC Cells
Treated with PCI-24781, SAHA, and Gemcitabine

Although SAHA induced significant down-regulation of total erbB2 and p-erbB2, the
PCI-24781 showed a more potent inhibitory effect (Fig. 4C). Treatment of PCI-24781 and
SAHA in Sk-ChA-1 cells resulted in a reduction of the phosphorylated levels of MAPK and
Akt, but not total protein levels (Fig. 4C). These results indicate that both PCI-24781 and
SAHA have potent inhibitory effects on erbB2 and its downstream signaling molecules. In
addition, both PCI-24781-and SAHA-treated Sk-ChA-1 cells showed down-regulation of the
polycomb group protein EZH2, which is known to interact with HDACs [16] (Fig. 4C).
PCI-24781 showed a more potent inhibitory effect on the level of cyclin D1 than SAHA
(Fig. 4C).

Figure 4D also shows that treatment with PCI-24781 (at both 1 µM and 5 µM, for 18 hours)
significantly reduced the levels of p-erbB2, total erbB2, p-EGFR, p-MAPK, p-Akt
(confirmed by a long exposure, data not shown), and total Akt in both SK-ChA-1 and TGBC
cell lines. These reductions were associated with a dose-dependent upregulation of the
acetylated tubulin level.

The effect of gemcitabine on the signaling molecules was also determined. Treatment of
cells from the two cell lines with 1 µM gemcitabine for 18 hours did not induce any changes
in levels of p-erbB2, total erbB2, p-EGFR or total EGFR (Fig. 4D). However, treatment led
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to an up-regulation of p-MAPK in both cell lines. As expected, there was no accumulation
of acetylated tubulin in either cell line treated with gemcitabine.

PCI-24781 Down-regulates the Expression of Muc4 in Human BTC Cells
Furthermore, we investigated whether PCI-24781 alters the expression of Muc4 mucin in
human BTC cells. The high expression level of Muc4 in both cell lines was significantly
decreased after 72 hours of treatment with 0.5 µM PCI-24781 (Suppl. 2).

MiRNAs profiling in GBCa
Nine miRNAs were significantly up-regulated and thirteen miRNAs were down-regulated in
GBCas in BK5.erbB2 mice (>2.2 fold, p<0.05) compared to gallbladders in untreated mice
(Table 1A). Several miRNAs were significantly deregulated in GBCa compared to normal
gallbladder. Treatment with PCI-24781 significantly decreased the expression of some of
these miRNAs, including miR-21, miR-142-3p, miR-142-5p, and miR-223, which were up-
regulated in GBCas (Table 1A and B). PCI-24781 also induced a significant up-regulation in
the expression of miR-122, which was down-regulated in GBCas (Table 1A and B).

Discussion
In the current study, we show that the novel HDAC inhibitor PCI-24781 displayed potent
therapeutic efficacy against GBCa that developed in BK5.erbB2 mice. The treatment of
these mice for one month prevented 79% of GBCa cases from progression (Fig. 1). We
confirmed this potent inhibitory effect on tumor cell growth in vitro using human BTC cell
lines treated with PCI-24781.

Western blot analyses suggested that down-regulation of total erbB2 and perbB2 is the
critical molecular element mediating the inhibitory effect of PCI-24781 (Fig. 2). An in vivo
therapeutic study in BK5.erbB2 mice showed that GBCas sensitive to PCI-24781 treatment
(diagnosed as PR) had greatly reduced levels of p-erbB2 and total erbB2 compared to
GBCas refractory to treatment (diagnosed as PG). These results indicate that the inhibitory
effect of PCI-24781 was not potent enough to reduce the levels of p-erbB2 and total erbB2
in the PG cases. This hypothesis is supported by results showing that the level of erbB2
mRNA was significantly decreased in gallbladders diagnosed as PR, but not in those
diagnosed as PG (Fig. 2).

We also observed molecular alterations associated with the inhibition of cell growth, such as
decreased levels of p-erbB2, erbB2, and their downstream signaling molecules, in BTC cell
lines treated with PCI-24781 (Fig. 4). Other studies support this finding, showing that there
is a strong correlation between the growth inhibition of HDAC inhibitors and reduction in
the levels of erbB2 transcripts and proteins [17, 18].

Furthermore, we have shown that PCI-24781 induces the down-regulation of Muc4
expression in human BTC cells (Suppl. 2). Muc4 is known to act as an intramembrane
ligand for erbB2, inducing its limited phosphorylation via one of the EGF domains [19, 20].
It has been reported that the inhibition of Muc4 leads to a decrease in the expression of
erbB2 and p-erbB2 in pancreatic cancer cells and that inhibition of histone deacetylase was
associated with Muc4 repression [21]. Since our results showed that PCI-24781 has the
ability to down-regulate both erbB2 and Muc4 expression in human BTC cells, PCI-24781
treatment seems to be a valuable modality for the treatment of BTC.

Protein levels of cyclinD1 and EZH2 were down-regulated in Sk-ChA-1 cells following
PCI-24781 treatment (Fig. 4). EZH2 is a transcriptional repressor over-expressed in GBCa
but not in normal epithelium [22] that is involved in controlling cell growth and tumor
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progression [23]. Our results indicate that PCI-24781 may regulate not only erbB2 levels
and activity, but also the cell cycle and histone methyltransferases that contribute to the
epigenetic silencing of target genes in cancer cells.

There are conflicting reports regarding the survival benefit of additional chemotherapy for
BTCs [24]. 45.4% of chemotherapy regimens over the past ten years have included
gemcitabine [25]. In this study, PCI-24781 was found to have a potent inhibitory effect on
cells that showed resistance to gemcitabine (Fig. 4). This result indicates that PCI-24781 has
a potential therapeutic value in patients with gemcitabine-resistant BTC.

In the current study, PCI-24781 was found to possess a more potent inhibitory effect on the
growth of both Sk-ChA-1 and TGBC cells than SAHA. Although SAHA is one of the most
clinically applied HDAC inhibitors for the treatment of multiple myeloma [26], treatment
with PCI-24781 might be a promising approach against GBCa.

MiRNAs are a class of small non-coding RNA genes that regulate gene expression during
development and differentiation, although their targets are still elusive. MiRNAs were
recently found to be abnormally expressed in several types of cancer cells [27]. Our results
indicate that aberrant histone deacetylation may induce altered expression of several
miRNAs, including up-regulation of miR-21, miR-142-3p, miR-142-5p, and miR-223, as
well as down-regulation of miR-122 in GBCas in BK5.erbB2 mice (Table 1). Since miR-21
has been characterized as an antiapoptotic miRNA and is up-regulated in many cancer types
including cholangiocarcinoma cells [28], miR-21 may also play an important role in
development of GBCa in BK5.erbB2 mice. Down-regulation of miR-122 is found in human
and mouse hepatocellular carcinoma (HCC) [29]. Our results indicate that down-regulation
of miR-122 may also be a marker of GBCa. Interestingly, we found miR-101 was
significantly up-regulated in GBCa treated with PCI-24781. It has been reported that both
the expression and function of EZH2 in cancer cell lines is inhibited by miR-101 [30] and
that EZH2 activates the transcription of cyclin D1 in breast cancer cells [23]. These studies
suggest PCI-24781-induced miR-101 may regulate the expression of both EZH2 and cyclin
D1 in GBCa as well. We postulate that the post-transcriptional effect of HDAC inhibition on
these miRNAs may play an important role in the anticancer activity of PCI-24781

In summary, our results indicate PCI-24781 has potential potent therapeutic value as a novel
chemotherapeutic agent against human BTC with elevated erbB2 expression.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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GBCa gallbladder carcinoma

HDAC histone deacetylase

EGFR epidermal growth factor receptor
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BTC biliary tract cancer

BK5 bovine keratin 5

BrdU bromodeoxyuridine

USBM ultrasound biomicroscopy

TUNEL terminal deoxynucleotidyl transferase dUTP nick end labeling

SAHA suberoylanilide hydroxamic acid

miRNA micro RNA
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Figure 1. Therapeutic effects of PCI-24781 on GBCa in BK5.erbB2 mice
A, Therapeutic evaluation of PCI-24781 on GBCa in BK5.erbB2 mice. PR: Partial
Response, MC: Minimum Change, and PG: Progressive Disease;
B, Therapeutic effects determined by ultrasound analysis.
Representative ultrasound images of GBCa diagnosed as PG from a non-treated BK5.erbB2
mouse (upper panels) and GBCa diagnosed as PR receiving PCI-24781 (lower panels).
C, Therapeutic effect determined by histological analysis.
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Upper panels, GBCa diagnosed as PG from a non-treated BK5.erbB2 mouse; Lower panels,
typical GBCa diagnosed as PG from a BK5.erbB2 mouse receiving PCI-24781. Left, H&E
staining; Right, BrdU staining.
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Figure 2. Effect of PCI-24781 on the level of erbB2
A, Western blot analysis of the levels of erbB2/EGFR and their downstream molecules in
gallbladder from non-treated BK5.erbB2 mice (left); treated gallbladders diagnosed as PR
(middle); treated gallbladders diagnosed as PG (right). B, ErbB2 and p-erbB2 expression in
gallbladder from non-treated BK5.erbB2 mice (upper); treated gallbladders diagnosed as PR
(middle); treated gallbladders diagnosed as PG (lower). (scale bar, 40µm); C, Effect of
PCI-24781 on the level of erbB2 in primary cultured BK5.erbB2 gallbladder cells treated
with PCI-24781.(scale bar, 20µm); D, Relative erbB2 mRNA levels in gallbladders treated
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with PCI-24781. Gallbladders from non-treated BK5.erbB2 mice (left); treated gallbladders
diagnosed as PR (middle); treated gallbladders diagnosed as PG (right).
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Figure 3. Inhibitory effect of PCI-24781 on the growth of cells from the human BTC cell lines
Sk-ChA1 and TGBC
A, Cell viability (measured as percentage of control) determined by MTT assay. The
Western blot insert shows the level of erbB2 in Sk-ChA-1 and TGBC cells. **, p<0.01 ; B,
Time course changes of erbB2 level in cytosol and membrane fraction of Sk-ChA-1 cells
treated with PCI-24781 (left upper); Immunostaining of erbB2 in Sk-ChA-1 cells 18 hours
after the treatment (right); Changes in ratios of total erbB2 in the cytosolic fraction (black
columns) versus membrane fraction (white columns) normalized to the levels of b-actin at 0
hours in Sk-ChA-1 cells (left lower). *, p<0.05
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Figure 4. Comparison of inhibitory effect of SAHA and gemcitabine to PCI-24781 on the cell
viability of human BTC cells (A and B) and Western blot analysis (C and D)
Cells were treated with PCI-24781, SAHA, and gemcitabine for 72, and 18 hours for the cell
viability and Western blot analysis, respectively. Line graphs show cell viability (cell
number of non-treated cells =100%) at various doses of PCI-24781, SAHA, and gemcitabine
72 hours after the treatment.
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Table 1

Hold change in the A) GBCas from BK5.erbB2 mice vs. GBs from wild-type mice (> 2.2 hold), and B)
BK5.erbB2 GBCas treated with PCI-24781 vs. untreated GBCas (> 2.2 hold).

A. Hold change in the GBCas from BK5. erbB2 mice vs. GBs from wild-type mice (>2.2 hold)

Down-regulated Up-regulated

miR-665 −8.233 miR-106a 2.414

miR-714 −3.882 miR-96 2.499

miR-763 −2.880 miR-223 2.612

miR-466f-3p −2.750 miR-27a 2.627

miR-145 −2.612 miR-17 2.700

miR-193 −2.588 miR-15b 2.793

miR-467e −2.511 miR-142-5p 2.914

miR-143 −2.337 miR-142-3p 3.582

miR-881 −2.323 miR-21 5.361

miR-720 −2.311

miR-706 −2.303

miR-122 −2.255

miR-378 −2.241

B. Hold change in the GBCas treated with PCI-24781 vs. GBCas untreated from BK5. erbB2 mice (>2.2 hold)

Down-regulated Up-regulated

miR-223 −8.642 ± 2.539 mmu-miR-193 2.273 ± 0.214

mmu-miR-21 −4.509 ± 0.554 mmu-miR-101b 2.348 ± 0.221

mmu-miR-142-3p −4.360 ± 0.920 hsa-miR-576-3p 2.600 ± 0.200

mmu-miR-142-5p −4.417 ± 0.975 mmu-miR-451 2.652 ± 0.251

mmu-miR-205 −3.702 ± 1.195 hsa-miR-620 3.335 ± 0.315

mmu-miR-141 −2.189 ± 0.208 hsa-miR-122 11.141 ± 1.031

hsa-miRPlus-B1114 −2.219 ± 0.121 mmu-miR-122 29.204 ± 14.189
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