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Abstract

AIM: To identify potential biomarkers of primary gall-
bladder cancer (PGC).

METHODS: Fresh PGC, cholecystitis and normal gall-
bladder tissue specimens collected from 10 patients,
respectively, were subjected to comparative proteomic
analysis. The proteomic patterns of PGC were com-
pared with those of cholecystitis and normal gallblad-
der tissues using two-dimensional gel electrophoresis
(2-DE). The differentially expressed proteins were then
identified using a MALDI-TOF mass spectrometer (MS)
and database searches. To further validate these pro-
teins, 20 samples of PGC tissues and normal tumor-
adjacent tissues were collected for Western blot,
quantitative real-time PCR, and immunohistochemical
staining assay.

RESULTS: Seven differentially expressed protein
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spots were detected by 2-ED analysis by comparing
the average maps of PGC, cholecystitis and normal
gallbladder tissues. Six of the seven differentially ex-
pressed proteins were identified using MALDI-TOF MS,
with three overexpressed and three underexpressed
in PGC tissue. Protein levels of annexin A4 (ANXA4)
were significantly elevated, and heat shock protein
90-beta (Hsp90pB) and dynein cytoplasmic 1 heavy
chain 1 (Dynclhl) were decreased in PGC tissues rela-
tive to the normal tumor-adjacent tissues as shown by
Western blot analysis. However, levels of actin, aortic
smooth muscle and gamma-actin were unchanged.
In addition, the mRNA levels of all 5 proteins showed
similar changes to those of the protein levels (P < 0.01).
Further validation by immunohistochemical analysis
showed the upregulated expression of ANXA4 and
decreased expression of Hsp90p and Dynclhl in the
cytoplasm of PGC tissues relative to the normal tumor-
adjacent tissues.

CONCLUSION: Three proteins are identified as poten-
tial biomarkers of PGC using proteomic analysis. The
functions of these proteins in the carcinogenesis of
PGC remain to be studied.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: A new comparative proteomic study using
human primary gallbladder cancer (PGC), cholecystitis
and normal gallbladder tissues to identify biomarkers
of PGC was performed. Three new potential biomark-
ers of PGC were validated and may be informative in
understanding the carcinogenic mechanisms and moni-
toring the treatment of PGC.
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INTRODUCTION

Primary gallbladder carcinoma (PGC) is the most fre-
quent biliary tract malignancy and the fifth most com-
mon malignant neoplasm involving the gastrointestinal
tract. PGC has a high morbidity and poor prognosis
as it often shows early metastasis and invasiveness',
The incidence of PGC varies globally, with the highest
incidence in Poland and Northern India, and in Native
American and South American populations. Each year
17000-18000 new cases of PGC are diagnosed in India
with a comparable annual death rate. Despite recent ad-
vances in the diagnosis and management of gastrointes-
tinal cancers, PGC remains a challenge with a poor over-
all prognosis. Many PGC tumors are not resectable at
the time of presentation, and the 5-year survival rate in
patients with PGC is < 10% in most reported series”.
An investigation of the carcinogenesis and molecular
mechanisms of PGC development has the potential
to improve clinical strategies for treatment and disease
outcomes. Biomarkers which are involved in the devel-
opment and progression of PGC are needed. To date,
no reliable molecular markers have been established for
PGC, although some genes show promise!”. However,
studies on candidate genes for PGC susceptibility have
not yet confirmed any associations, and data are limited
on the consistent molecular changes associated with gall-
bladder carcinogenesis and disease progression”.

Completion of the human genome project has al-
lowed the identification of genes involved in the ap-
pearance, progression, and treatment of cancer, as
well as information on the functions of specific genes,
interactions among genes in communication networks,
and the activities of their protein products in molecular
pathways. In most cases, however, although studies on
differential mRNA expression are informative, they do
not always correlate with protein concentrations as pro-
teins are often subjected to proteolytic cleavage or post-
translational modifications such as phosphorylation or
glycosylation.

Proteomics is a complementary method to genetic
profiling. In addition to genetic and epigenetic altera-
tions, other molecular changes in translation, post-
translational modification and intracellular mislocaliza-
tion are involved in tumor initiation and growth. Factors
involved in these changes cannot be detected by measur-
ing amounts of RNA or detecting nucleotide sequence
variations”. Thus, discovery strategies for cancer bio-
markers often target expressed proteins.

Proteomics analysis has been applied to many types
of tumors including cancers of the breast, prostate, liver,
esophagus, and stomach®"”. Proteomics can overcome
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some limitations of the approaches used to elucidate
the molecular mechanisms of PGC. Although pro-
teomic studies on PGC have included cancer cell lines
and blood samplesm’m, few studies have applied a pro-
teomic approach to tumor tissues from PGC patients.
Compared to proteomic studies using cancer cell lines
and blood samples, studies using tumor tissue should be
more informative in terms of carcinogenic mechanisms,
prognostic evaluation and therapy for PGC. Therefore,
we aimed to identify biomarkers in human PGC tissue
using proteomics as a high throughput method. The
results presented here provide information for further
studies on the carcinogenic mechanisms, diagnosis, and

therapy of PGC.

MATERIALS AND METHODS

Materials
Tissue specimens were collected from patients at Shang-
hai Chang Zheng Hospital Affiliated to the Second
Military Medical University, in accordance with human
subject guidelines approved by the Scientific and Ethical
Committee of the Second Military Medical University,
Shanghai, China. All samples were obtained by experi-
enced surgeons and examined by experienced patholo-
gists. For proteomics analysis, fresh PGC, cholecystitis
and normal gallbladder tissues were obtained from 10
patients, respectively, from 2006 to 2008. Normal gall-
bladder tissues were obtained from patients undergoing
liver transplantation. Informed consent was obtained
from all patients or their relatives for the use of tissues
in experimental procedures. All specimens, which were
from surgical resections, were immediately frozen in lig-
uid nitrogen and stored at -80 ‘C until use. PGC patients
did not receive antineoplastic therapy prior to surgery.
An IEF system (IPGphor), Immobiline Dry Strips
(18 cm, pH 4-7 NL) and CLEAN-UP Kits were from
Amersham Biosciences (Piscataway, NJ, United States).
Iodoacetamide was from Sigma-Aldrich (St. Louis, MO,
United States). Experiments were carried out using an
ABI 4700 MALDI-TOF/TOF mass spectrometer (MS)
(Applied Biosystems, Framingham, MA, United States).
Sequence-grade trypsin was from Promega (Madison,
WI, United States), and the standard peptide mixture
used for calibration was from Applied Biosystems (Foster
City, CA, United States). All buffers were prepared with
Milli-Q water.

Sample preparation

Tissue samples were crushed and ground in a mortar
containing liquid nitrogen. The resulting powder was
immediately suspended in a lysis buffer (7 mol/L urea, 2
mol/L thiourea, 4% CHAPS, 65 mmol/L DTT, 2% IPG
buffer, and trace cocktail protease inhibitor). After vigor-
ous stirring for 1 h, cell debris and insoluble substances
were removed by centrifugation at 100000 g for 45 min.
Protein concentration was determined using a modified
Bradford method as described previously". Superna-
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tants were aliquoted and stored at -80 C.

Two-dimensional electrophoresis

Two-dimensional electrophoresis (2-DE) was performed
as described previously with minor modifications'”,
Briefly, 100 pg of protein sample was diluted to 170 pL
with a rehydration solution (7 mol/L urea, 2 mol/L thio-
urea, 2 g/L DTT, 5 mL/L pH 4-7 IPG buffer and trace
bromphenol blue) and applied to IPG strips (18 cm, pH
4-7 NL) for 14 h rehydration. Proteins were focused on
an IPGphor IEF system (Amersham Biosciences) for
61 kVh. Strips were equilibrated in equilibration buffer
(25 mmol/L Tris-HCl, pH 8.8, 6 mol/L urea, 200 mL/L
glycerol, 20 g/L SDS, and 130 mmol/L DTT) for 15
min, followed by 15 min in the same buffer containing
200 mmol/L iodoacetamide instead of DTT. For 2-DE,
120 mL/L SDS-PAGE gels were used and stained using
CBB R-350 (Merck, Germany) according to the supplier’s

protocol. Each sample was run in triplicate.

Image analysis

2-DE maps were obtained by scanning the gels using
an Imagescanner. Gel analysis was performed using
PDQuest analysis software and included background
subtraction, spot detection, volume normalization and
the establishment of a reference gel. Proteins were
considered differentially expressed if: (1) the spot was
observed on 2D images in six samples; (2) intensities of
the corresponding spots showed a difference of > 2-fold
variation in PGC tissues as compared with normal gall-
bladder and cholecystitis tissues; and (3) intensities of the
corresponding spots in cholecystitis tissues were between
the intensities in normal gallbladder and PGC tissues.

In-gel digestion and MS

Selected protein spots were excised from the gels and
destained. In-gel digestion was cartied out with 0.01 g/L
trypsin (Promega, Madison, W1, United States) for 15 h
at 37 C. Tryptic peptides were extracted from the gels
and dried by centrifugal lyophilization. Peptide mixtures
were redissolved in 5 mL/L TFA. Finally, the digested
peptide samples were co-crystallized with an equal vol-
ume of saturated matrix solution [CHCA in 1 mL/L
TFA in H2O/ACN (2:1)] on MALDI sample target
plates. Peptide mass spectra were obtained with a MAL-
DI-TOF/TOF MS (4700 Proteomics Analyzer, Applied
Biosystems, Foster City, CA, United States).

Protein spots were identified by MS and MS/MS as
described by Jeong e al'”. Before sample acquisition,
six external standards (mass standard kit for the 4700
proteomics analyzer calibration mixture, Applied Biosys-
tems) were used to calibrate each spectrum to a mass ac-
curacy of within 5 ppm for MS Reflector Positive Opet-
ating Mode or within 10 ppm for MS-MS 1 KV Positive
Operating Mode. A combined database search of MS
and MS/MS measutements was performed using GPS
Explorer™ software (Version 3.6; Applied Biosystems,
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Foster City, CA, United States) and Mascot software
(Version 2.0; Matrix Science, London, United Kingdom).
Searches were performed with carbamidomethylation
of cysteine and oxidation of methionine as variable
modifications. One trypsin miscleavage was allowed.
Peptide mass tolerance and fragment mass tolerance
were set to 50 ppm and + 0.3 Da, respectively. Peptide
mixtures that yielded statistically significant search scores
(> 95%CI: equivalent to Mascot expected value < 0.05)
and accounted for the majority of ions present in the
mass spectrum were defined as positive identifications.
Redundant proteins that appeatred in the database under
different names and accession numbers were eliminated.
If more than one protein was identified for a single spot,
the protein member with the highest protein score was
selected.

Western blot

All proteins to be validated were separated by SDS-
PAGE with 20 pg protein per lane and transferred to
PVDF membranes (Millipore, Billerica, MA, United
States) in transfer buffer [pH = 11.0, 25 mmol/L Tris,
0.2 mol/L glycine, 20% (v/v) methanol] for 45 min at
1.5 mA/cm” on a semidry electroblotter (Bio-Rad Labo-
ratories, Richmond, VA, United States). After blocking
with 1% skim milk for 1 h at 25 °C, the membranes
were probed with primary antibody against annexin A4
(ANXA4), heat shock protein 90-beta (Hsp90p), dynein
cytoplasmic 1 heavy chain 1 (Dynclhl), gamma-actin
(ACTG), actin, aortic smooth muscle actin (ACTAZ2), or
a-tubulin (Santa Cruz Biotechnology, CA, United States)
at 1:300 dilution overnight at 4 ‘C. Horseradish peroxi-
dase-conjugated rabbit anti-goat IgG at 1:3000 dilution
(AMS Biotechnology, Oxon, United Kingdom) was used
as a secondary antibody. The immunoblots were devel-
oped using ECL detection reagent (Pierce Chemical,
Rockford, IL, United States).

Immunohistochemistry assay

Sections were subjected to routine deparaffination and
rehydration. Antigen retrieval was achieved by micro-
waving in 0.01 mol/L citrate buffer for 10 min and then
cooling for 30 min. The endogenous peroxidase activity
was inhibited by incubation with 30 mL/L hydrogen
peroxide in methanol for 20 min and nonspecific bind-
ing was blocked by incubation with 50 mL/L bovine
serum albumin at room temperature. After washing, the
specimens were reacted overnight at 4 ‘C with primary
antibody against ANXA4, Hsp90B or Dynclhl (Santa
Cruz Biotechnology). After incubation with horserad-
ish peroxidase-conjugated IgG, the signal was developed
with 3,30-diaminobenzidine tetrahydrochloride in Tris-
HCI buffer (pH = 7.6) containing 0.2 mL/L hydrogen
peroxide. The sections were then counterstained with
hematoxylin and mounted. Negative controls were pre-
pared by replacing the primary antibody with nonspecific
IgG at the same concentration.
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Figure 1 Representative two-dimensional gel electrophoresis protein profiles. Two-dimensional gel electrophoresis (2-DE) profiles of Primary gallbladder car-
cinoma (PGC) (A), cholecystitis (B) and normal gallbladder (C) samples. Proteins were separated by pl (X-axis) and molecular mass (Y-axis). Black circles indicate 7

differentially expressed protein spots identified by MALDI-TOF/TOF MS.

Quantitative real-time polymerase chain reaction

Total RNA was extracted from tissues or cells at indicat-
ed time points and was subsequently reverse-transcribed
using the AMV Reverse Transcription System (Takara,
Shiga, Japan). Quantitative real-time polymerase chain
reaction (PCR) was performed using SYBR Green PCR
mix on an ABI Prism 7900HT (Applied Biosystems,
Foster City, CA, United States). Thermocycler condi-
tions included 2 min incubation at 50 C, then 95 C for
10 min; this was followed by a 2-step PCR program, as
follows: 95 'C for 15 s and 60 ‘C for 60 s for 40 cycles.
[-actin was used as an internal control to normalize dif-
ferences in the amount of total RNA in each sample.
The primers are listed in Table 1.

Statistical analysis

Statistical analysis was performed using the two-tailed
Student’s 7 test, and P < 0.05 was considered statistically
significant. Data are expressed as mean * SE of tripli-
cate samples, and reproducibility was confirmed in three
separate experiments.

RESULTS

2-DE profiling of proteins from PGC, cholecystitis and
normal gallbladder tissues

Fresh PGC, cholecystitis and normal gallbladder tissues
from 10 patients, respectively (mean age, 59 + 7.4 years
for PGC; 48.8 = 10.6 years for cholecystitis; and 46.4
t+ 14.3 years for normal gallbladder), were analyzed in
triplicate by 2-DE. Image analysis confirmed that the
2-DE maps were well resolved and reproducible. Coo-
massie staining of 2D gels detected 1483 £ 76 protein
spots from PGC samples, 1460 + 62 from cholecystitis
samples, and 1514 £ 73 from normal gallbladder tissues
in the pH range of 4-7 (Figure 1). An average electro-
phoresis map was constructed for human PGC, cho-
lecystitis and normal gallbladder tissues by combining
ten 2-DE maps using PDQuest 7.1.1 2-DE gel analysis
software. Seven differentially expressed protein spots
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Table 1 Quantitative real-time Polymerase chain reaction

primers

Name Sequence

5-CTCCATCCTGGCCTCGCTGT-3'
5-GCTGTCACCTTCACCGTTCC-3"

B-actin forward
B-actin reverse

ANXA4 forward 5-GAGCACCATCGGCAGGGACT-3
ANXAA4 reverse 5-TCATACAGCACCGTGGGCGT-3
Hsp90p forward 5-AGAAGGTTGAGAAGGTGACAA-3’
Hsp90p reverse 5-AAGAGTAGAGAGGGAATGGG-3'
Dynclhl forward 5-AGTTGGTGGAATGTGGGTTG-3"
Dynclhl reverse 5-TGATTGATCTGGGTGATCTGA-3
ACTG forward 5-GGCATGGAGTCAGCTGGAATT-3’
ACTG reverse 5-TCTGCATCCTGTCAGCAATCC-3’
ACTA2 forward 5'-CCTCCCTTGAGAAGAGTTACG-3
ACTA2 reverse 5-GAGCAGGAAAGTGTTTTAGAA-3’

ANXA4: Antibody against annexin A4; ACTG: Gamma-actin.

were detected by comparing the average maps of PGC,
cholecystitis and normal gallbladder tissues. Of these
spots, three were significantly upregulated and four were
downregulated in PGC tissues (Figure 1).

Protein identification by MALDI-TOF MS or tandem MS
Six of the seven differentially expressed proteins were
identified using MALDI-TOF MS or tandem MS. Com-
pared with cholecystitis and normal tissues, the overex-
pressed proteins in PGC tissues were serum albumin,
ANXA4 and ACTG and the underexpressed proteins
were Hsp90B, ACTA2 and Dynclhl. The identified pro-
teins and their gene number, theoretical molecular
weight, P value, Mascot score, and sequence coverage (%o)
are shown in Table 1.

Confirmation of biomarkers associated with PGC

To investigate whether the differentially expressed pro-
teins would be useful diagnostic markers and to confirm
the 2-DE results, additional samples were examined by
Western blot, quantitative real-time PCR and IHC assay.
Given that serum albumin is an abundant soluble pro-
tein, is approximately one-half of the protein content
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Figure 2 Western blot analysis of proteins. Expression of ANXA4, Hsp90p3,
Dync1h1, ACTG, ACTA2 and a.-vinculin in paired gallbladder cancer tissues (Ca)
and normal tumor-adjacent tissues (N). Quantification was performed by den-
sitometry of Western blot bands. Densities were normalized to a-vinculin, and
relative folds were normalized to expression levels in normal tumor-adjacent
tissues. The data are representative of 20 paired groups. ANXA4: Antibody
against annexin A4; ACTG: Gamma-actin; ACTA2: Aortic smooth muscle actin;
Dync1h1: Dynein cytoplasmic 1 heavy chain 1; Hsp90f: Heat shock protein
90-beta.

in serum and could lead to a false positive diagnosis, we
studied the other five proteins. Consistent with the 2-DE
data, the protein levels of ANXA4 were significantly el-
evated, and both Hsp90p and Dynclhl were decreased
in PGC tissues relative to the normal tumor-adjacent tis-
sues in three paired tissue samples (Figure 2). However,
Western blot analysis showed that the levels of ACTG
and ACTA2 were unchanged (Figure 2). In addition,
the mRNA levels of ANXA4, Hsp90p and Dynclhl
showed similar changes to those of the protein levels,
suggesting that the expression of these proteins was af-
fected by transcriptional factors (Figure 3).

To further investigate these potential PGC biomark-
ers, IHC was performed to determine the expression of
ANXA4, Hsp90B and Dynclhl. As shown in Figure 4,
ANXA4 expression was matrkedly upregulated, while the
expression of Hsp90B and Dynclhl was decreased in
the cytoplasm of PGC tissues relative to normal tumoz-
adjacent tissues (Figure 4). These results suggested that
these three proteins, ANXA4, Hsp90f and Dynclhl,
may be used as diagnostic biomarkers of PGC.

DISCUSSION
The mortality rate of PGC has remained high for many

years. A poor understanding of the risk factors and mo-
lecular pathogenesis of PGC and a lack of chemothera-
peutic agents for this cancer have hampered our ability
to devise strategies for this disease. An investigation of
the carcinogenic and molecular mechanisms of PGC
could improve clinical strategies against this disease and
outcomes. Epidemiological data demonstrated that gall-
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Figure 3 mRNA expression levels of biomarkers. The mRNA levels of
ANXA4, Hsp90B, Dync1h1, ACTG and ACTA2 in normal tumor-adjacent tissue
(N) and cancer tissue (Ca) were measured by quantitative real-time PCR. Data
are normalized to expression levels of normal tumor-adjacent tissue. Results
are mean = SE (n = 6). °P < 0.01. ANXA4: Antibody against annexin Ad; ACTG:
Gamma-actin; ACTA2: Aortic smooth muscle actin; Dync1h1: Dynein cytoplas-
mic 1 heavy chain 1; Hsp90B: Heat shock protein 90-beta.

stones and cholecystitis are significantly associated with
PGC,; gallstones and cholecystitis are considered precan-
cerous lesions of PGC!"". In this study, comparative pro-
teomics was performed using human PGC, cholecystitis
and normal gallbladder tissues to advance the study of
the carcinogenic mechanisms, diagnosis, and treatment
of PGC, as well as the development of new drugs. Six
non-redundant proteins were identified by MALDI-
TOF/TOF as differentially expressed in human PGC
tissues compared with cholecystitis and normal gallblad-
der tissues. Three of these proteins were upregulated (SA,
ANXA4, and ACTG) and three were downregulated
(Hsp90B, ACTA2 and Dync1hl).

In previous PGC proteomics studies, Tan ez al"™ dem-
onstrated that overexpression of annexinA3 correlated
significantly with those cases with a lower histological
grade, lymph node or distant metastasis, or a shorter
survival time after operation, suggesting that annexinA3
might be a potential biomarker in the initiation and pro-
gression of human gallbladder cancer. Their subsequent
study identified 24 differentially expressed serum pro-
teins between gallbladder cancer and healthy cancer-free
control patients, with 12 upregulated proteins such as
splicing factor 3B subunit 5, cystatin-B, ST00A10 protein,
histone H2B type 2-E, profilin-1, and eukaryotic transla-
tion initiation factor 1A, and 12 downregulated proteins
such as apolipoprotein A-I precursor, myosin regulatory
light chain 2, proteasome subunit 3 type-2, superoxide
dismutase, isoform 1 of Ficolin-3 precursor, and HP hap-
toglobin isoform 2 preproprotein. Tan e a/" suggested
that these differentially expressed proteins were potential
serum biomarkers for the early diagnosis of gallbladder
cancer. Wang ez a/'" identified 15 proteins that were dif-
ferentially expressed between the highly metastatic PGC-
SD18H cell line and the poorly metastatic PGC-SD18L
cell line, including CLIC1, WDRI1, ezrin, vimentin,
ANXA3, GDIR, TPI, PSME3, GDI2, GLUDI1, TCP-1,
THF synthase, hnRNP-K, PGK1 and PCD8. The pres-

ent study is a new comparative proteomic study using
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Figure 4 Immunohistochemical assay of proteins. Representative photographs of the expression levels of ANXA4, Hsp90f and Dync1h1 in paired gallbladder
cancer tissues (Ca) and normal tumor-adjacent tissues (N). Scale bar: 100 um. ANXA4: Antibody against annexin A4; Dync1h1: Dynein cytoplasmic 1 heavy chain 1;

Hsp90p: Heat shock protein 90-beta.

human PGC, cholecystitis and normal gallbladder tissues
and may be more informative in understanding the car-
cinogenic mechanisms and monitoring the treatment of
PGC compared to the previous two studies.

Among the three identified candidate proteins, ANXA4
is a member of the annexins, which are found on mem-
brane surfaces and may act as regulators of membrane
fusion and possess the structural properties to form ion
channels"®. These properties suggest that annexins could
be involved in processes such as growth, differentiation,
and transformation!!, Upregulation of ANXA4 has been
observed in colorectal carcinoma, clear cell carcinoma of
the ovary, renal clear cell carcinoma, pancreatic tumor,
gastric cancer with Helicobacter pylori infection, and human
penile squamous cell carcinoma. Elevated expression
of ANXAA4 is associated with tumor stage in colorectal
cancer and lymph node metastasis of human penile squa-
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. [15,16,19-22]
mous cell carcinoma .

Hsp90 is a molecular chaperone required for the stabil-
ity and function of a number of conditionally expressed
signaling proteins™. In cancer, Hsp90 is involved in the
proteostatic maintenance of oncoproteins that promote
tumor cell growth, survival or metastasis”™. Thiel ez 2/*
using MALDI-TOF analysis, demonstrated that Hsp90f
discriminated significantly between cancerous and non-
cancerous oral squamous cells. The SELDI-TOF MS
platform is extremely useful for detecting and quantify-
ing proteins associated with cancer due to its high sensi-
tivity, convenience, and ability to profile a large number
of clinical samples rapidly. This platform has been main-
ly used for serum or plasma samples.

The Dynclhl protein is a large (> 530 ku), crucial
subunit of the cytoplasmic dynein complex responsible
for retrograde axonal transport in neurons”’. Several
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studies have reported a correlation between missense
mutations of Dynclhl and Charcot-Marie-Tooth dis-
ease, severe intellectual disability, or other variable neu-
ronal migration defects, suggesting that Dynclh1 could
have broad effects on nervous system development and
maintenance” . Recently, several studies reported that
Dynclhl is somatically mutated in pancreatic neuro-
endocrine neoplasms, ovarian cancer, and glioblastoma
multiforme™””. However, whether altered expression of
Dync1hl is involved in PGC is largely unknown. In this
study, we used SELDI-TOF MS to analyze and validate
Hsp90pB and Dync1h1 as potential biomarkers in patients
with PGC.

ACTAZ2 is a smooth muscle o-actin whose expression
is transformation sensitive to growth signals in normal
cells. Heterozygous missense mutations in ACTAZ2 cause
predisposition to a variety of vascular diseases, includ-
ing thoracic aortic aneurysm and dissection, early onset
coronary artery disease and stroke™!, ACTG mutations
are associated with hearing loss”™). Neither ACTG nor
ACTA2 is known to be correlated with PGC.

In conclusion, three proteins were identified as po-
tential biomarkers of PGC using proteomic analysis.
These proteins may participate in the progression of
malignant growth or the maintenance of normal gall-
bladder conditions. However, it is still too eatly to con-
clude that the three possible biomarkers reported here
are novel biomarkers for PGC diagnosis. The functions
of these proteins in the carcinogenesis of PGC remain
to be studied. We hope that our results will provide use-
ful information for studies on the early detection and

therapy of PGC.

COMMENTS

Background

Primary gallbladder carcinoma (PGC) is the most frequent biliary tract ma-
lignancy with high morbidity and poor prognosis. Despite recent advances in
the diagnosis and management of gastrointestinal cancers, PGC remains a
challenge with a poor overall prognosis. To date, no reliable molecular markers
have been established for PGC. Proteomic analysis has been applied to many
types of tumors and can overcome some limitations of the approaches used to
elucidate the molecular mechanisms of PGC. However, few studies have ap-
plied this method to tumor tissues from PGC patients.

Research frontiers

In most cases, although studies on differential mMRNA expression are informa-
tive, they do not always correlate with protein concentrations as proteins are
often subjected to proteolytic cleavage or post-translational modifications.
Proteomics is a complementary method to genetic profiling. It is widely used to
investigate molecular changes in translation, post-translational modification and
intracellular mislocalization involved in tumor initiation and growth.

Innovations and breakthroughs

Although proteomic studies on PGC have used cancer cell lines and blood
samples, few studies have applied a proteomic approach to tumor tissues from
PGC patients. Studies using tumor tissue should be more informative in terms
of carcinogenic mechanisms, prognostic evaluation and therapy for PGC. This
is a new comparative proteomic study using human PGC, cholecystitis and
normal gallbladder tissues, and three new potential biomarkers of PGC were
validated.

Applications

This study may be informative in understanding the carcinogenic mechanisms
and monitoring the treatment of PGC.
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Terminology

Proteomics is a blend of protein and genome, and the large-scale study of pro-
teins, particularly their structures and functions. It is often used specifically for
protein purification and mass spectrometry.

Peer review

There are novel findings about PGC using proteomic approach. The authors
found three potential biomarkers of PGC. The study was overall well designed
and appropriately controlled. In particular, samples with cholecystitis were
included in the initial 2D-gel profiling as “non-specific disease controls” and the
protein candidates identified were further confirmed for their significance with
multiple approaches including Western blot, qRT-PCR and IHC in a separate
set of 20 samples from patients with PGC.
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