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Abstract Cholangiocarcinoma is a crucial health problem
in northeast Thailand. Although rare, it is a highly fatal
disease and the prognosis of CCA patients is very poor. To
determine if expression of specific genes is useful for
diagnosis and prognosis for CCA. We examined the
expression of HSP70, HSP90, RBI1, cyclin DI, and
HDAC6 in 50 resections of human CCA tissues by
quantitative real-time PCR. The expression of HSP70,
RB1, and HDAC6 was “dominant down-regulation,” while
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the expression of cyclin D1 and HSP90 was “dominant up-
regulation.” There were no correlations between RBI,
cyclin D1, HSP90, and clinicopathological parameters such
as status, histology type, histological grading, stage of
CCA, and metastasis. A significant association was found
between HDAC6 and CCA staging (p=0.000), CCA gross
type and HSP70 (p=0.046) as well as RB1 expression (p=
0.046). Patients with down-regulation of HSP70 had
significantly poorer prognosis than those in the up-
regulation group (p=0.002). Expression of HSP70 may be
useful as a new prognostic marker for CCA.
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Abbreviations

CCA cholangiocarcinoma
RBI retinoblastoma 1
HSP70  heat shock protein 70
HSP90  heat shock protein 90
HDAC6 histone deacetylase 6
Introduction

Cholangiocarcinoma (CCA) arises from the epithelium within
the intrahepatic and extrahepatic bile ducts. The highest
worldwide prevalence of CCA is found in Thailand, especially
in the northeast which is an endemic area of O. viverrini
infection [1, 2]. CCA is a crucial health problem to people in
this region. Opisthorchiasis leads to many pathological
changes of the intra- and extrahepatic bile ducts and the
gallbladder. Chronic infection, accompanied by chronic
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inflammation caused by mechanical damage, parasite excre-
tion/secretion and release of inflammatory cytokines, leads to
development of CCA [3]. A combination of factors (O.
viverrini infection, nitrosamine exposure, host immune
response, etc.) contribute to mutagenesis and multistep
processes involving several groups of genes. Among the
relevant genes, HSP90 regulates the signaling pathways
needed for growth, survival, and the unlimited replicating
potential of the tumor [4]. HSP70 plays a role both in
facilitating the neoplastic transformation of cells and in
inhibiting apoptosis. HSP70 blocks the assembly of the
apoptosome complex [5]. Retinoblastoma 1 (RB1) is a tumor-
suppressor gene [6] which prevents cells from replicating
damaged DNA by preventing its progression along the cell
cycle through G1 (first gap phase) into S (synthesis phase)
[7]. Cyclin D1 interacts with tumor suppressor protein RB1;
the expression of this gene promotes cell cycle progression by
phosphorylating and inactivating the retinoblastoma proteins
[8]. Histone deacetylases (HDACs) create a non-permissive
chromatin conformation that prevents the transcription of
genes that encode proteins involved in tumorigenesis [9].
HDACS® is a specific deacetylase of several proteins including
a-tubulin, cortactin, peroxiredoxins, chaperone protein and
HSP90. Inhibition of HDAC6 function makes cells more
sensitive to misfolded protein stress induced by protease
inhibition and, as a consequence, to cell death [10].

CCA is an incurable and rapidly lethal disease if the tumors
cannot be removed completely. In surgical patients, the cure
rate depends on the stage of tumorigenesis, tumor location, and
complete or partial tumor resection, as demonstrated in several
previous studies. The five-year survival rates after curative
resection (RO) for intrahepatic, perihilar and distal CCA tumors
were 63%, 30% and 27%, respectively [11]. The median
survival of patients with non-resection was 6—12 months [12].
Because CCA is asymptomatic in the early stages [13] many
patients present to the hospital with advanced-stage CCA,
and with consequently short survival times [14].

In the present study we investigated the correlation between
the expression of tumor-relevant genes and clinicopathological
parameters in patients with intrahepatic CCA using real-time
RT-PCR (reverse transcription—polymerase chain reaction).
The overexpression or underexpression of target genes may
play a critical role in the carcinogenesis and tumor progression
of CCA. We found that down-regulation of HSP70 may be
used as a new marker in the diagnosis and prognosis of CCA.

Materials and Methods
Collection of Human CCA and Adjacent Tissues

Fifty frozen liver tissue samples were provided from the
Liver Fluke and Cholangiocarcinoma Research Center,
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Faculty of Medicine, Khon Kaen University, Thailand.
Selected CCAs and adjacent tissues were histological
confirmed by a medical pathologist. Two cases of CCA
with a history of opisthorchiasis were included. Total RNA
from CCA and adjacent tissues from each case was
extracted, and complementary DNA (cDNA) was prepared
as described below [15]. The utilization of the specimens in
the present study was approved by the Human Ethics
Committee of Khon Kaen University Khon Kaen Thailand
(Ethical Clearance No. HEKKUS501153).

The clinicopathological features of CCA patients were
represented by clinical status, gross type, histological type,
histological grading, staging and metastasis. Intrahepatic
CCA is classified as mass-forming, periductal-infiltrating,
or intraductal-growing, based on its growth characteristics
as ascertained by the Liver Cancer Study Group of Japan
[16]. The histological grading classifications are: well
differentiated, moderately differentiated, and poorly differ-
entiated [17]. The most common histologic type of intra-
hepatic CCA is adenocarcinoma with tubular and/or
papillary structures. The stage of CCA was classified using
the International Union Against Cancer (UICC)/American
Joint Committee on Cancer (AJCC) TNM (tumor-node-
metastasis) system (Table 1) [18].

Primers for Real-Time PCR

The primers for amplification of human CCA samples were
designed based on the published sequences in GenBank:
HSP70 (accession no. NM_ 005345, forward tcaccatcaccaac
gacaag and reverse agcccctcatcctecacg); HSP90 (accession
no. NM 007355, forward ccaaaaagcacctggagatca and reverse
tgteggectcagecttet); RB1 (accession no. NM_000321, for-
ward aggtctgccaacaccaacaa and reverse tccttcagcacttetttt-
gagc); cyclin D1 (accession no. NM_ 053056, forward
ctcacacgcttccteteccag and reverse acctcctectecteetettec);
HDACG6 (accession no. NM_006044, forward ccctccagttc
taagttggtca and reverse tcttttctcgtgtggtcatee); and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH; acces-
sion no. NM_002046, forward gaacatcatccctgectctact and
reverse cctgcttcaccaccttettg).

Total RNA Isolation and Complementary DNA Synthesis

Total RNA was extracted from liver tissues (200 mg) using
TRIzol® (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. The isolated RNA was treated with
DNase I (RNase-Free DNase; Fermentas, Burlington, ON,
Canada) in the presence of ribonuclease inhibitor (Fermentas).
The treated RNA was extracted with phenol/chloroform,
precipitated with ethanol, and dissolved in RNase-free water.
Reverse transcription was performed with M-MLV reverse
transcriptase (Fermentas) according to the manufacturer’s
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Table 1 TNM classification and AJCC/UICC staging system for intrahepatic CCA [18]

TNM stage Tumor spread

T1 Solitary tumor without vascular invasion®

T2a Solitary tumor with vascular invasion®

T2b Multiple tumors, with or without vascular invasion®

T3 Tumor perforating the visceral peritoneum or involving local extrahepatic structures by direct invasion

T4 Tumor with periductal invasion®

NO No regional lymph node metastases

Nl Regional lymph node metastases®

MO No distant metastases

Ml Distant metastases

Stage Tumor Node Metastases

I Tl NO MO

1I T2 NO MO

I T3 NO MO

IVA T4 NO MO
Any T NI MO

IVB Any T Any N M1

 Includes major vascular (portal or hepatic vein) and microvascular invasion.

® Includes tumors with periductal-infiltrating or mixed mass—forming and periductal-infiltrating growth pattern.

¢ Nodal involvement of the celiac, periaortic, or caval lymph nodes is considered to be distant metastasis (M1).

instructions. Three pg total RNA of each sample was prepared
in anew tube and 1 ul of oligo(dT) 18 primer and 11 ul DEPC-
treated water added. The samples were gently mixed, spun
down, and incubated at 70°C for 5 min. They were then chilled
on ice, and the following components added: 5x reaction buffer,
4 ul; ribonuclease inhibitor, 1 pul; and 10 mM dNTP mix, 2 pl.
This was mixed gently and incubated at 37°C for 5 min. After
that, 1 pul of M-MLV reverse transcriptase was added to the
mixture. The reaction was incubated at 42°C for 60 min and
then inactivated by heating at 70°C for 10 min [15].

Absolute Quantification by Real-Time PCR

Real-time RT-PCR using the SYBR® Green method was
performed to analyze the absolute quantification of mRNA
expression. Five pul cDNA template was added into a PCR
plate. The PCR reaction mixture consisted of 2 pl of 10x
HotStar Taq buffer, 1 ul of each 5 mM dNTP, 2.4 pl of
25 mM MgCl,, 1 ul of 5 uM primer pairs, 0.2 pl of
HotStar Taq DNA polymerase (Fermentas) and 7.4 pl of
distilled water to give a final volume of 20 pl. The reaction
mixture was added with cDNA into a 96-well real-time
PCR plate and briefly spun down. PCR analysis was
performed using an Applied Biosystems 7500 Real-Time
PCR System (Life Technologies, Carlsbad, CA, USA). All
values were normalized with a standard curve, and reported
as a copy number change over the background of the
housekeeping gene (G3PDH) level.

Statistical Analysis

Statistical correlation between expression of HSP70,
HSP90, RBI1, cyclin DI, and HDAC6 and various
clinicopathological variables (status, gross type, histologi-
cal type, histology grading, staging and metastasis) was
performed by the chi-square and Student’s #-tests using
SPSS version 16.0. Survival curves were constructed by the
Kaplan-Meier method and compared with the log-rank test
using SigmaPlot version 11.0. The results were considered
statistically significant when the P-value was less than 0.05.

Results

Expression of HSP70, HSP90, RB1, Cyclin D1
and HDAC6 in Human CCA Tissues

Figure la-e show expression of HSP70, HSP90, RBI,
cyclin D1 and HDAC6 in human CCA tissues. The
expression of HSP70 was down-regulated in 33 cases
(66%; 0.0- to 0.84-fold). The expression of HSP90 was
up-regulated in 38 cases (76%; 1.01- to 335-fold). The
expression of RB1 was down-regulated in 32 cases
(64%; 0.0- to 0.98-fold). The expression of cyclin DI
was up-regulated in 15 cases (30%; 1.66- to 666-fold).
The expression of HDAC6 was down-regulated in 49
cases (98%; 0.01- to 0.58-fold).
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a Heat shock protein 70 b Heat shock protein 90
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Fig. 1 Real-time RT-PCR results of the expression levels of: a, HSP70; b, HSP90; b, RB1; d, cyclin D1; e, HDACS in liver tissue of human CCA

@ Springer



HSP70 for Prognosis of Cholangiocarcinoma

231

Correlation Between Gene Expression
and Clinicopathological Features of CCA Patients

The clinicopathological characteristics of the 50 CCA
patients are summarized in Table 2. Thirty-two patients
(64%) presented up-regulation of RB1 but did not show a
statistically significant association with clinicopathologi-
cal parameters such as status, histology type, histological
grading, stage of CCA, and metastasis. A significant
association was found between CCA gross type and RB1
expression (p=0.046) (Table 4). There were no correla-
tions between HDAC6 and various clinicopathological
parameters (status, histology type, histological grading
and metastasis) excepted stage of CCA(p=0.000) (Table 3).
Moreover, there were no correlations between HSP70

Table 2 Clinicopathological characteristics of 50 CCA patients

Clinicopathological factors Number
Age (n=50) 56.12+9.63

Gender (n=50)

Male 33 (66.00%)
Female 17 (34.00%)
Survival (Year) (n=50) 1.8+1.24

Status (n=50)

Dead 35 (70.00%)
Alive 15 (30.00%)
Liver lobe of CCA (n=50)

Right 37 (74.00%)
Left 13 (26.00%)
CCA gross type (n=30)

Mass forming 19 (63.33%)
Intraductal growing (20.00%)
Periductal infiltrating (6.67%)
Mixed type (10.00%)
Histology type (n=40)

Tubular type 20 (50.00%)
Papillary type 15 (37.50%)
Mixed type 5 (12.50%)
Histology grading (n=23)

Well differentiation 13 (54.17%)
Moderate differentiation (33.33%)
Poor differentiation (8.33%)
Staging of CCA (n=50)

I, 11 21 (42.00%)
111 10 (20.00%)
VA 17 (34.00%)
IVB 2 (4.00%)
Metastasis (n=>50)

No metastasis 30 (60.00%)
Metastasis 20 (40.00%)

and various clinicopathological parameters (status, his-
tology type, histological grading, stage of CCA, and
metastasis). A significant association was found between
CCA gross type and HSP70 expression (p=0.046)
(Table 3). Moreover, no relationship between cyclin D1
and the various clinicopathological parameters was ob-
served, as well as these HSP90 expressions (Tables 3
and 4).

Overall Survival Rate of Patients with CCA

The calculated expression levels of HSP70 and related genes
(HSP90, RBland HDAC6) was correlated with patient
survival as shown in Fig. 2. There were 35 deaths (70%)
and the mean survival time was 1.19 years after resection.
The overall survival rates for the HSP70 down-regulation
group at 1, 2 and 3 years were 30.1%, 7.51% and 3.76%,
and for the up-regulation group 69.1%, 62.2% and 51.8%,
respectively (Fig. 2c). The patients in the down-regulation
group had a significantly poorer prognosis than those in the
up-regulation group (p=0.002). In contrast, the 3-year
survival rate of patients with HSP90 up-regulation was
12.9%, while that of patients with HSP90 down regulation
was 36.1% (Fig. 2d). Even though the survival rate of
patients with HSP90 up-regulation was shorter, the differ-
ence was not statistically significant (p=0.219). Additionally,
the survival rate of patients with RB1 down-regulation was
similar to that of RB1 up-regulation at a 2-year survival rate
(p=0.891); after 2 years the survival rate of RB1 down-
regulation was longer (Fig. 2a). The survival rates for the
cyclin D1 up-regulation group at 1, 2 and 3 years were
59.3%, 51.9% and 34.6%, and for the down-regulation
group 37.0%, 9.71% and 9.71%, respectively (Fig. 2b). The
patients in the cyclin D1 up-regulation group had a
significantly better prognosis than those in the down-
regulation group (p=0.044). The HDAC6 survival rate was
not statistically significant between up-regulation and down-
regulation (p=0.407) because the up-regulation group had
only 1 case, and that patient died before 1 year. The survival
rate of the down-regulation group was longer than that of the
up-regulation group (Fig. 2¢).

Discussion

CCA is a cancer of the bile ducts, and is a rapidly lethal
disease. Many factors can cause CCA development, such as
O. viverrini infection, nitrosamine exposure, etc. A combi-
nation of these factors leads to mutagenesis and multistep
processes involving several groups of genes. Many kinds of
genes are involved in the cell cycle, such as RBI and
related genes. In the present study, the expressions of
HSP70, HSP90, RBI1, cyclin D1 and HDACS6 in 50 cases of
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Table 4 Gene expression related to clinicopathological parameters of patients with CCA using chi-square analysis

Clinicopathological parameters RBI

Cyclin D1

Up- regulation

Down-regulation Up-regulation Down-regulation

18 (36%) 32 (64%) 15 (30%) 35 (70%)
Status (n=50)
Dead (n=35) 12 (34.3%) 23 (65.7%) 9 (25.7%) 26 (74.3%)
Alive (n=15) 6 (40.0%) 9 (60.0%) 6 (40.0%) 9 (60.0%)
X?=43.651 P=0.150 X?=30.499 P=0.592
CCA gross type (n=30)
Mass forming (n=19) 7 (36.8%) 12 (63.2%) 3 (15.8%) 16 (84.0%)
Intraductal growing (n=6) 2 (33.3%) 4 (66.7%) 1 (16.7%) 5 (83.3%)
Periductal infiltrating (n=2) 1 (50.0%) 1 (50.0%) 2 (100.0%) 0 (0.0%)
Mixed type (n=3) 2 (66.7%) 1 (33.3%) 2 (66.7%) 1 (33.3%)
X?=90.000 P=0.046* X?=71.93 P=0.381
Histology type (n=40)
Papillary type (n=20) 6 (30.0%) 14 (70.0%) 5 (25.0%) 15 (75.0%)
Tubular type (n=15) 6 (40.0%) 9 (60.0%) 4 (26.7%) 11 (73.3%)
Mixed type (n=5) 1 (20.0%) 4 (80.0%) 5 (100.0%) 0 (0.0%)
X?=68.933 P=0.314 X?=62.889 P=0.191
Histology grading (n=24)
Well differentiation (n=13) 3 (23.1%) 10 (76.0%) 3 (23.1%) 10 (76.9%)
Moderate differentiation (n=8) 4 (50.0%) 4 (50.0%) 3 (37.5%) 5 (62.5%)
Poor differentiation (n=2) 2 (100.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%)
X?=28.890 P=0.523 X?=30.59 P=0.723
Staging of CCA (n=50)
LI (n=21) 6 (28.6%) 15 (71.4%) 6 (28.6%) 15 (71.4%)
I (n=10) 4 (40.0%) 6 (60.0%) 3 (30.0%) 7 (70.0%)
IVA (n=17) 8 (47.1%) 9 (52.9%) 5 (29.4%) 12 (70.6%)
IVB (n=2) 0 (0.0%) 2 (100.0%) 1 (50.0%) 1 (50.0%)
X?=2.600 P=0.458 X?=0.404 P=0.939
Metastasis (n=>50)
No metastasis (n=30) 11 (36.7%) 19 (63.3%) 8 (16.0%) 22 (84.0%)
Metastasis (n=20) 7 (35.0%) 13 (65.0%) 7 (14.0%) 13 (86.0%)
X?=37.500 P=0.355 X?=38.442 P=0.237

* P-value is significant

resected human CCA were investigated. The results
indicated that the expressions of RB1, HSP70 and HDAC
6 were down-regulated and the expressions of cyclin D1
and HSP90 were up-regulated in CCA tissues. The
correlations between RBI1, cyclin D1, HSP90, HDAC6
and various clinicopathological parameters such as status,
histological type, histological grading, stage, and metastasis
were not significant. However, a significant association was
found between CCA gross types and HSP70 (p=0.046) as
well as RBlexpression (p=0.046). The patients in the
down-regulation group of HSP70 had a significantly poorer
prognosis than those in the up-regulation group (p=0.002).

HSP70 facilitates neoplastic transformation of cells by
inhibiting apoptosis. It functions as a unique chaperone to

the malignant transformation state by maintaining several
oncoproteins in a functionally active conformation. In
addition, HSP70 blocks the assembly of apoptosome, a
multiprotein complex involved in apoptosis [5]. The present
study showed the expression of HSP70 was downregulated
in 66% of cases and was associated with CCA more
advance gross lesions. The survival rates for patients with
HSP70 down-regulation were significantly lower than for
those in the up-regulation group (p=0.002). In agreement
with these results, it has been shown that over-expression of
HSP70 was correlated with good prognosis in esophageal
cancer, renal cancer, and melanoma [19]. In contrast,
HSP70 downregulation is associated with carcinogenesis
of the oral epithelium, and is a marker of early hepatocel-
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lular carcinoma [20]. HSP70 downregulation also correlates
with poor prognosis in breast cancer [21], endometrial
cancer [22], uterine cervical cancer [23], and pancreatic
cancer [24].

HSP90 regulates signaling pathways needed for growth,
survival and unlimited replicating potential of the tumor
[4]. HSP90 establishes a tight association with client
oncoproteins, supporting their aberrant state and function,
which is essential for malignant transformation. HSP90 and
its co-chaperones also modulate tumor apoptosis, mainly
through their effects on AKT kinase, TNF-« receptors, and
the NF-kB transcriptional factor [25-27]. The present study
showed that the expression of HSP90 was up-regulated in
76% of cases. As reported previously, there was over-
expression of HSP90 in breast cancer [28, 29], and gastric
cancer [30], and well as in cancer of the pancreas [31], and
bladder [32]. The three-year survival rate of patients with
HSP90 up-regulation was lower than that of the down-
regulation group, but the difference was not significant (p=
0.219). Our results are consistent with other reports,
showing that HSP90 has been correlated with poor
prognosis in breast cancer [28, 29]. In contrast, HSP90
expression is associated with good prognosis in endometrial
cancer [22].

Retinoblastoma (RB) is a tumor suppressor gene that is
dysfunctional in many types of cancer. RBI1 prevents the
cell from replicating damaged DNA by preventing its
progression along the cell cycle through G1 (first gap
phase) into S (synthesis phase) [7]. RB1 inactivation may
result in the genesis of malignant or benign tumors such as
cholangiocarcinoma [15], breast cancer [33], esophageal
cancer [34] and lymphoma [35]. The present study showed
that the expression of RB1 was down-regulated in 64%,
similar to the results described by Chatterjee et al. [36] and
Sgambato et al. [37] in bladder cancer patients, and by
Deeb et al. [38] for prostate cancer. This down-regulation
frequency was higher than in previous reports by Boonmars
et al. [15] and Kang et al. [39] on CCA. Moreover, our
present study is the first paper that found a correlation
between RB1 expression and CCA gross type in CCA
(Tables 3 and 4). However, the overall survival rate of
patients with RB1 down-regulation was similar to those
with RB1 up-regulation. RB1 gene alterations such as
mutation or phosphorylation are not common in CCA. The
statistical significance of RB1 expression in this study was
difficult to determine because it was unclear whether RB1
expression is phosphorylate protein or not a mutation.
Further study is necessary to investigate the function (or
non-function) of RB1.

The cyclin D1 proto-oncogene is an important regulator
of G1 to S phase progression in many different cell types.
Cyclin D1 forms active complexes that promote cell cycle
progression by phosphorylating and inactivating the retino-
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Fig. 2 Overall survival curves for groups of CCA patients: a, RB1; b, p
cyclin D1; ¢, HSP70; d, HSP90; e, HDAC6. Down-regulation (dotted
line) and up-regulation (solid line)

blastoma protein (RB) [8]. Cyclin-dependent kinase phos-
phorylate RB protein plays a critical role in neuronal cell
cycle control and apoptosis [40], mutations, amplification
and overexpression of this gene, which alters cell cycle
progression, were frequently observed in a variety of
tumors and may contribute to tumorigenesis, e.g. in cases
of lymphoid, parathyroid and breast cancer [41, 42]. The
present study showed that the expression of cyclin D1 was
up-regulated in 30% of cases, which supported previous
reports that cyclin D1 was up-regulated 30-70% in breast
cancer [33, 43] and 20-80% in bladder cancer [37, 44].
However its down-regulation was lower than in previous
reports by Boonmars et al. [15] and Kang et al. [39] in
CCA, Deeb et al. [24] in lung cancer, and Garcea et al. [45]
in pancreatic cancer. However, we did not find any
correlation between cyclin D1 expression and clinicopath-
ological parameters in CCA.

Histone deacetylases (HDACs) regulate the expression and
activity of proteins involved in both cancer initiation and
cancer progression, and create a non-permissive chromatin
conformation that prevents the transcription of genes that
encode proteins involved in tumorigenesis [9]. HDACS6 is a
component of the aggresome, a cellular structure that
constitutes a major site of degradation for misfolded protein
aggregates, both non-ubiquitinated and ubiquitinated mis-
folded proteins. Inhibition of HDAC6 function makes cells
more sensitive to misfolded protein stress induced by
protease inhibitor and, as a consequence, can lead to cell
death [10]. HDACG6 is a specific deacetylase of several
proteins including a-tubulin, cortactin, peroxiredoxins,
chaperone protein and HSP90. The present study showed
that the expression of HDAC6 was down regulated in 98%
of cases and no relationship was found between HDAC6
mRNA expression and survival rate, even though it
correlated with the CCA staging. Recently, high levels of
expression of HDAC6 mRNA and protein expression have
been reported to correlate with improvement of disease and
overall survival rates in patients with hormone-sensitive
cancer [46].

In conclusion, our results suggest that HSP70 may
be involved in CCA progression; thus, they may be
markers of poor prognoses of CCA patients. However,
the importance of RB1, HSPs and HDAC6 expression
appears to be more complicated, in that there were
significant differences in expression between tumor cell
types. Therefore, further studies of time profiles for each
gene using animal models or in vitro cell line studies
may be needed to clarify the mechanisms of gene-CCA
involvement.
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