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Abstract

Background: Cholangiocarcinoma (CC) is an intractable cancer, arising from biliary epithelial cells, which has a poor
prognosis and is increasing in incidence. Early diagnosis of CC is essential as surgical resection remains the only effective
therapy. The purpose of this study was to identify improved biomarkers to facilitate early diagnosis and prognostication in
CC.

Methods: A comparative expression profile of human bile samples from patients with cholangitis and CC was constructed
using a classic 2D/MS/MS strategy and the expression of selected proteins was confirmed by Western blotting.
Immunohistochemistry was performed to determine the expression levels of selected candidate biomarkers in CC and
matched normal tissues. Finally, spermatogenesis associated 20 (SSP411; also named SPATA20) was quantified in serum
samples using an ELISA.

Results: We identified 97 differentially expressed protein spots, corresponding to 49 different genes, of which 38 were
upregulated in bile from CC patients. Western blotting confirmed that phosphoglycerate mutase 1 (brain) (PGAM-1), protein
disulfide isomerase family A, member 3 (PDIA3), heat shock 60 kDa protein 1 (chaperonin) (HSPD1) and SSP411 were
significantly upregulated in individual bile samples from CC patients. Immunohistochemistry demonstrated these proteins
were also overexpressed in CC, relative to normal tissues. SSP411 displayed value as a potential serum diagnostic biomarker
for CC, with a sensitivity of 90.0% and specificity of 83.3% at a cutoff value of 0.63.

Conclusions: We successfully constructed a proteomic profile of CC bile proteins, providing a valuable pool novel of
candidate biomarkers. SSP411 has potential as a biomarker for the diagnosis of CC.
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Introduction

Cholangiocarcinoma (CC) is a primary malignancy which

originates from bile duct epithelial cells. CC approximates 10 to

25% of all liver cancers and the incidence of this disease has

increased over the last three decades [1,2]. CC is a slow-growing

but highly metastatic tumor, which is often detected at an

unresectable stage; therefore, most patients have a poor prognosis

with a median survival of 6–12 months [3]. CC is insensitive to

chemotherapy, immunotherapy, radiotherapy and other adjuvant

treatments, and curative surgical resection is currently the only

effective therapy, with an overall 5-year survival rate of 40% [4,5].

However, more than a third of patients with CC are unsuitable

candidates for curative resection, as the disease is usually detected

at an advanced stage. Hence, new methods of early diagnosis are

urgently required in order to improve the treatment and prognosis

of CC patients.

Currently, the clinical diagnosis of CC relies on computed

tomography (CT) or B type ultrasonography examinations which

have a poor sensitivity, especially for the detection of small lesions

with a hilar localization. In addition, brush cytology via endoscopy

has a sensitivity of 50% for the early diagnosis of CC, which is

attributed to the high desmoplastic nature of this disease [6]. The

serum biomarker CA 19-9 is commonly used for the diagnosis of

CC; however, CA 19-9 has low sensitivity of 50–60% and

specificity of 80% [3]. Therefore, improved fluid-based biomark-

ers are urgently required to enable the early diagnosis of CC, and

additional insight on the pathogenesis of this disease is critical in

order to identify new potential therapeutic strategies.
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Proteomics is the most commonly used technology for the

identification of disease-specific biomarkers. The protein expres-

sion profiles of normal cells undergo distinct changes during

malignant transformation, which may potentially provide appro-

priate biomarkers [7]. In CC, the bile drainage proteins directly

secreted/shed by tumor cells may accumulate to higher concen-

trations in bile than serum, and may therefore be easier to identify

in bile [8,9]. Although a few studies have attempted to perform

large-scale identification of differently expressed bile proteins in

CC [8,10–15], most of this research has focused on improvements

in proteomic methodologies, or extension of the human bile

proteomic profile in single or manipulus patients. Consequently,

we performed a comparative proteomic analysis of human bile

obtained from patients with CC and patients with benign disease,

in order to potentially identify novel biomarkers for CC using a

standard two dimensional gel electrophoresis (2-DE) strategy.

Materials and Methods

Ethical approval
All samples and clinical information were collected at the Liver

Transplantation Center of the 1st Affiliated Hospital of Nanjing

Medical University, and all patients provided written informed

consent. The study was approved by the Ethics Committee of

Nanjing Medical University with an IEC number of 2011-SRFA-

012. The detailed patient characteristics are presented in Table 1.

Sample collection and preparation
The blood samples were centrifuged for 3,000 rpm/min at 4uC,

and the serum was collected and frozen at 280uC until analysis.

Fresh tissues were procured at the time of surgery and divided into

two parts: one part was washed with saline to remove blood and

bile and then snap-frozen in liquid nitrogen, the other part was

formalin-fixed and paraffin-embedded for HE staining or immu-

nohistochemistry. All bile samples were collected from the

gallbladder or dilated bile duct before resection during surgery

under sterile conditions; a protease inhibitor (Pierce Biotechnol-

ogy, Rockford, IL, USA) was added and samples were stored at

280uC until processing. The bile proteins were enriched as

previously described [8].

Depletion of the high-abundance proteins in bile
Depletion of the high-abundance proteins was performed using

Multiple Affinity Removal System (MARS) columns (Agilent, Palo

Alto, CA, USA), which are designed to deplete 14 abundant

proteins, according to the manufacturer’s protocol. The protein

concentrations of the processed bile samples were determined

using the Bradford method (Beyotime, China) using BSA as a

standard.

Two-dimensional electrophoresis and MALDI-TOF/TOF
Bile samples from 15 CC patients and 10 cholangitis patients

were used for the 2-DE experiment. In the benign group, six

Table 1. Clinical characteristics of the patients included in this study.

Characteristics No. of individuals

CC group (35)

Gender(male/female) 20/15

Age (mean 6 SD) 60.7610.6 yr

CC type (hilar/-perihilar IHC) 17/8

Histopathology (well/moderately/poorly) 10/8/9

Lymph node metastasis (P/N) 15/12

Nerve invasion (P/N) 23/4

Sample source (bile/serum) 19/30

Benign group (13)

Gender(male/female) 7/6

Age (mean 6 SD) 46.5612 yr

Sample source (bile/serum) 10/13

Normal group (23)

Gender(male/female) 13/10

Age (mean 6 SD) 48.3613.7 yr

Sample source (bile/serum) 0/23

HCC group (24)

Gender(male/female) 17/7

Age (mean 6 SD) 52.1613.9 yr

Sample source (bile/serum) 0/24

Liver cirrhosis (10)

Gender(male/female) 7/3

Age (mean 6 SD) 42.9610.9 yr

Sample source (bile/serum) 0/10

CC: patients with cholangiocarcinoma (including eight patients that received non-surgical treatment); IHC: intrahepatic cholangiocarcinoma; HCC: patients with
hepatocellular carcinoma; benign group: patients with cholangitis; Normal: healthy people. P: positive, N: negative.
doi:10.1371/journal.pone.0047476.t001
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individual samples were pooled in groups of three to create two

samples, and a third pooled sample contained four individual

samples. In the tumor group, the individual samples were mixed in

groups of five to create three pooled samples. In brief, 120 mg

protein samples were separated by 2D PAGE and visualized using

silver staining. ImageMasterTM 2-D Platinum Software (Amer-

sham Bioscience, CA, USA) was used for comparative analyses

(Student’s t-tests; P values,0.05 were considered statistically

significant) and the differentially expressed protein spots were

excised and identified as previously described [16,17]. Briefly, the

protein spots were dehydrated in acetonitrile (ACN), and dried at

room temperature. Spots were reduced using 10 mM DTT/

25 mM NH4HCO3 at 56uC for 1 h and subsequently alkylated in

situ with 55 mM iodoacetamide/25 mM NH4HCO3 in the dark

at room temperature for 45 min. Gel fragments were thoroughly

washed with 25 mM NH4HCO3, 50% ACN, and 100% ACN

and dried in a SpeedVac. Dried gel fragments were re-swollen

with 2–3 mL trypsin solution (Promega, Madison, WI, USA)

(10 ng/mL in 25 mM NH4HCO3) at 4uC for 30 min. Excess

liquid was discarded and the gel plugs incubated at 37uC for 12 h.

Trifluoroacetic acid (TFA) at a final concentration of 0.1% was

added to stop the digestive reaction.

The digests were immediately spotted onto 600-mm AnchorCh-

ips (Bruker Daltonics, Bremen, Germany). Spotting was achieved

by pipetting 1 mL of the analyte onto the MALDI target plate in

duplicate and subsequently adding 0.05 mL of 2 mg/mL a-HCCA

in 0.1% TFA/33% acetonitrile containing 2 mM (NH4)3PO4.

Bruker peptide calibration mixture (Bruker Daltonics) was also

spotted for external calibration. All samples were air-dried at room

temperature and 0.1% TFA was used for on-target washing. All

samples were analyzed on a time-of-flight Ultraflex II mass

spectrometer (Bruker Daltonics) set to the positive-ion reflectron

mode.

Each acquired mass spectrum (m/z range, 700–4000; resolu-

tion, 15000–20000) was processed using the FlexAnalysis v2.4 and

Biotools 3.0 (Bruker Daltonics) software packages with the

following specifications: peak detection algorithm, Sort Neaten

Assign and Place (SNAP); S/N threshold, 3; and quality factor

threshold, 50. Trypsic autodigestion ion picks (842.51, 1045.56,

2211.10, and 2225.12 Da) were used as internal standards to

validate the external calibration procedure. Matrix and/or

autoproteolytic trypsin fragments were removed. The masses of

the peptides obtained were cross-referenced with the NCBI

human database with the use of Mascot (v2.1.03) in an automated

mode that used the following search parameters: a significant

protein score at P,0.05; minimum mass accuracy 100 ppm;

trypsin as the enzyme; one missed cleavage sites allowed; cysteine

carbamidomethylation, acrylamide modified cysteine, methionine

oxidation and similarity of pI, and the relative molecular mass

specified, with the minimum sequence coverage at 15%.

Protein identification was confirmed by sequence information

automatically obtained from the MS/MS analysis. Acquired MS/

MS spectra were also processed using the software FlexAnaly-

sisTM 2.4 using a SNAP method set at a signal-to-noise ratio

threshold of 3.0. The MS/MS spectra were automatically

searched in the NCBI human database by Mascot (v2.4). Search

parameters for MS/MS data were set to 100 ppm for the

precursor ion and 0.3 Da for the fragment ions. Cleavage

specificity and covalent modifications were considered, as

described above. The score was higher than the minimum

significant individual ion score (P,0.05). All significant MS/MS

identifications by Mascot were manually verified for spectral

quality and matching y and b ion series. When multiple entries

corresponded to slightly different sequences, only the database

entry that exhibited the highest number of matching peptides was

included.

Western blot analysis
Pooled bile and tissue proteins (40 mg) or crude bile (2 ml) from

individual patients were resolved on SDS-PAGE gels, transferred

onto PVDF membranes (Millipore, Bedford, MA, USA) and

incubated overnight with primary antibodies against PGAM1

(1:1000; Abnova, Taibei, Jhouzih St, Taiwan), HSPD1 (1:1,000;

Abcam, Cambridge, MA, USA), SSP411 (1:1,000; Abgent, San

Diego, CA, USA), APOM (1:100; Santa Cruz Biotechnology,

Santa Cruz, CA, USA), Pdia3 (1:500; Abcam) and GAPDH

(1:5,000; Abcam). Ponceau S staining was used as a loading

control after membrane transfer [18,19] and GAPDH was used as

an internal control. The membranes were incubated with

horseradish peroxidase (HRP)-conjugated secondary antibody

(1:4,000; Beijing ZhongShan Biotechnology, Beijing, China) for

1 h, the bands were visualized using an ECL detection kit (Pierce-

Thermo Scientific, Rockford, IL, USA), following the manufac-

turer’s instructions and the relative signal intensity of each target

protein was quantified using Quantity One software (Bio-Rad,

Hercules, CA, USA).

Immunohistochemistry
Serial 4-mm sections of each specimen were deparaffinised and

rehydrated before antigen retrieval was performed by microwav-

ing the slides in 10 mM citric acid buffer (pH 7.0). After

elimination of endogenous peroxidase activity, the specimens were

blocked with blocking serum (Santa Cruz Biotechnology) and

incubated with primary anti-PGAM-1, anti-SSP411, anti-HSPD1

(all 1:200) or anti PDIA3 (1:1000) antibodies at 4uC overnight.

Negative controls were incubated in a solution devoid of primary

antibody. The sections were incubated with HRP-conjugated

secondary antibody for 1 h, staining was visualized using

diaminobenzadine and images were obtained using bright-field

microscopy (Axioskop 2 plus; ZEISS, Germany).

Quantification of SSP411 serum levels
Serum samples from 30 CC patients, 13 benign hepatobiliary

disease patients and 23 normal individuals were used for the

ELISA analysis. The serum samples were diluted 1:1000, directly

adsorbed to 96-well plates overnight at 4uC, blocked with 5% non-

fat milk powder and incubated with SSP411 primary antibody

(1:2,000) for 1 h at 37uC. The plate was incubated with HRP-

conjugated secondary antibody (1:3,000; Golden Bridge, China),

visualized using TMB solution (Beyotime, China) and color

intensity was measured at a wavelength of 420 nm (using

630 nm as the background control). MedCalc software (MedCalc,

Belgium) was used for statistical analyses of the receiver operator

characteristic (ROC) curves and areas under the curve (AUC).

Results

Sample preparation optimization and construction of the
comparative human bile proteomic profile

Two-dimensional electrophoresis was performed on bile sam-

ples from 15 CC and 10 cholangitis patients (pooled as described

in the Material and Methods) over a pH range of 3–10 (Figure 1).

Analysis of the 2-DE gels revealed 109 spots were differently

expressed in the pooled CC and cholangitis bile samples (P,0.05).

In total, 97 spots corresponding to 49 genes were successfully

identified via MALDI-TOF/TOF. Additionally, a number of

proteins yielded more than two spots in the profiles (Table S1).

Among the 97 proteins, 61 proteins were present in a higher

Proteomic Study Reveals SSP411 as a CC Biomarker
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abundance in bile from CC patients compared to the cholangitis

group. Bioinformatic analysis of the 49genes by the BioGPS

database (http://biogps.org/#goto = welcome) revealed that eight

genes were uniquely expressed by the liver, while the other 14

were highly expressed in the liver or fetal liver (Figure S1). These

results suggest that the successfully identified differentially

expressed proteins were derived from bile.

Verification of candidate biomarkers in the pooled and
individual bile samples

To verify the proteomic analysis, five proteins were randomly

selected for immunoblotting analysis: PGAM-1, PDIA3, HSPD1

and SSP411 which were upregulated in CC bile and APOM

which was downregulated in CC bile. The proteins migrated at the

expected molecular weights (Figure 1) and Western blotting

revealed that the expression levels of these proteins in the pooled

CC and cholangitis bile samples were essentially consistent with

the 2D-PAGE results (Figure 2). Additionally, Western blotting of

SSP411, PGAM-1, PDIA3 and HSPD1 in individual bile samples

provided identical results to the pooled bile samples.

In Western blots of crude bile (2 ml), PGAM1 and SSP411 were

barely detectable in the benign group but were expressed at high

levels in the CC group (Figure 3A and D). PDIA3 and HSPD1

(Figure 3B and C) could be detected in several cholelithiasis

patients; however, the average expression levels of PDIA3 and

HSPD1 in crude bile from CC patients was significantly higher.

Validation of PGAM-1, HSPD1, PDIA3 and SSP411
expression in surgical tissues by immunoblotting and
immunohistochemical analysis

Western blotting was used to quantify the expression of PGAM-

1, HSPD1, PDIA3 and SSP411 (which were all upregulated in bile

from CC patients) in eight pairs of CC and adjacent non-tumor

bile duct tissues. As shown in Figure 4, PGAM-1, HSPD1, PDIA3

and SSP411 were overexpressed in tumor tissues compared to the

matched non-tumor tissues.

Immunohistochemical analysis was performed to characterize

the distribution of PGAM-1, HSPD1, PDIA3 and SSP411 in

surgical tumor tissues. All four proteins were upregulated in CC

(Figure 5, right panel) compared to the non-tumor tissues came

from patients with choledocholithiasis (Figure 5, left panel). Intense

PGAM-1, HSPD1, PDIA3 and SSP411 cytoplasmic immunore-

activity was observed in both hilar cholangiocarcinoma (Figure 5)

and intrahepatic cholangiocarcinoma (Figure S2). The lumen of

the cancer nests also demonstrated various intensities of immuno-

staining, suggesting that the proteins can be secreted extracellu-

larly. The immunohistochemical analysis provided further confir-

mation that PGAM-1, HSPD1, PDIA3 and SSP411 were

overexpressed in CC, suggesting that these proteins may provide

potential biomarkers for CC.

Evaluation of the serum levels of SSP411 by ELISA as a
diagnostic test

As bile can only be collected during surgery, bile biomarkers are

not suitable as a pre-surgical diagnostic tool. Therefore, we

examined the serum levels of one potential biomarker. BioGPS

analysis indicated SSP411 is a testis-enriched gene which is not

expressed in normal liver (Figure S1C). SSP411 has not previously

been associated with other cancers. The diagnostic value of

SSP411 as a novel candidate serum diagnostic biomarker for CC

was tested using an ELISA assay and receiver operating

characteristic (ROC) analysis. Consisted with the proteomic

results, CC patients had significantly higher serum levels of

SSP411 (mean OD value 6 SD of 0.9260.20) than individuals

Figure 1. 2-DE gels of pooled human bile samples. (A, B) 2-DE maps of pooled bile samples from cholangiocarcinoma patients (A; n = 5 each)
and pooled samples from cholangitis patients (B; n = 3 or 4 each). The proteins were separated by 2D-PAGE and visualized by silver staining. The
differentially expressed proteins selected as potential biomarkers are marked.
doi:10.1371/journal.pone.0047476.g001
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from the normal (0.4960.15; P,0.01) and benign groups

(0.5960.27; P,0.01, Figure 6A).The ROC area under the curve

(AUC) for SSP411 was 0.913 and the cut-off point was 0.63, with a

sensitivity of 90% and a specificity of 83.3% to distinguish CC

from benign disease and normal controls. The AUC was 0.836

and the cut-off point was 0.65 (sensitivity = 85.7; specificity = 76.9)

when the CC was compare with the benign group (Figure 6E).

Similar to CC, the SSP411 level in HCC patients (0.6460.24)

were higher than in the liver cirrhosis (0.4760.16; p,0.05) and

normal groups (0.4960.15; p,0.05; Figure 6C). However, the

diagnostic efficiency of SSP411 for HCC was significantly lower

than for CC (Figure 6D). The sensitivity (HCC vs. cirrhosis,

77.7%; HCC vs. cirrhosis+ normal, 41.7%) and specificity (HCC

vs. Cirrhosis, 60.0%; HCC vs. Cirrhosis+ Normal, 84.8%) of

SSP411 for the diagnosis of HCC were not satisfactory (Figure 6,

E).

Discussion

Cholangiocarcinoma (CC) is the second most common primary

hepatic malignancy of the biliary-duct system. The typical age of

CC is the seventh decade of life, with a slightly higher incidence in

men [20]. Our study found an average age of 60.7610.6 yr and

male patients were also more likely to be affected than female

patients with a ratio of 1.3. Given the poor prognosis of CC,

mortality and incidence rates are virtually similar. CC incidence

rates vary markedly worldwide, which presumably reflects

differences in local risk factors and genetic susceptibility. There

are a number of established risk factors underlying CC carcino-

genesis, such as primary sclerosing cholangitis (PSC), infestation

with liver flukes, toxic, biliary-tract disorders, hepatolithiasis,

choledocholithiasis and cholangitis, amongst others. However,

most patients that present with CC do not have identifiable risk

factors [21].

PSC is the most common predisposing factor for CC in the

Western countries. This is an autoimmune disease that causes

structuring of the biliary tree. Approximately 40% of patients with

PSC will eventually develop CC, but this is not correlated with the

duration of PSC [22,23]. The possible mechanisms of carcino-

genesis include chronic inflammation, proliferation of the bile duct

epithelium, endogenous bile mutagens, and bile stasis. The

majority of present clinical studies regarding CC selected PSC as

a control, but PSC is rare in Eastern countries. In East Asia,

particularly in Thailand, CC has been pathogenically associated

with liver fluke infestation (Opisthorchis viverrini and Clonorchis

sinensis) which increases the susceptibility of epithelial cell

malignant transformation via chronic irritation and inflammation.

In areas where Opisthorchis viverrini is endemic, the prevalence

for CC when adjusted according to age and gender is as high as

14% [24,25]. Given that the proposed mechanisms for CC

formation involve chronic inflammation and bile stasis, choledo-

cholithiasis and cholangitis are also considered as risk factors for

CC which is uncommon in the West; in contrast, intra- and

extrahepatic bile duct stones are much more common in Eastern

Asia, including China [26]. Some studies have confirmed that

hepatolithiasis is strongly associated with cholangiocarcinoma

[1,27,28], and therefore we selected choledocholithiasis and

cholangitis patients as the controls in the present study.

As mentioned previously, bile represents a proximal fluid that

drains from the tumor microenvironment and therefore may

contain an enriched source of potential serum biomarkers for early

diagnosis [29]. In the present study, a classical 2D-PAGE

proteomic approach was adopted to discover potential biomarkers

of CC in human bile. As an extension of the proteomic research,

Figure 2. Validation of the 2-DE results by Western blotting. (A) Left panel: Western blotting analysis of aliquots of pooled bile proteins from
patients with CC or cholangitis. Right panel: the corresponding spots, with the same molecular weights, in the 2-DE gels. The Ponceau-S-stained blot
(below) was used the internal control. (B) Quantification of protein expression in pooled bile proteins. The bars represent the signal intensity of the
immunobands and were consistent with the 2-DE results.
doi:10.1371/journal.pone.0047476.g002

Proteomic Study Reveals SSP411 as a CC Biomarker

PLOS ONE | www.plosone.org 5 October 2012 | Volume 7 | Issue 10 | e47476



the diagnostic value was validated by assessing the serum levels of

one biomarker in CC using an ELISA.

Technically, a phase-nonionic-adsorbent and ultrafiltration

protein purification method was adopted to pretreat the bile

samples which enabled satisfactory resolution of 2-DE protein

maps (Figure 1). High-abundance proteins were then depleted by

columns containing immobilized antibodies against14 abundant

Figure 3. Western blot validation of four candidate cholangiocarcinoma biomarkers in individual bile samples. Western blotting (top)
and quantification (bottom) of candidate biomarker expression in equal volumes of individual bile samples from 10 cholangitis patients (benign) and
19 cholangiocarcinoma (CC) patients. (A) PGAM-1; (B) PDIA3; (C) HSPD1 (D) and SSP411.
doi:10.1371/journal.pone.0047476.g003

Figure 4. Western blot validation of candidate biomarker expression in paired cholangiocarcinoma and normal surgical tissue
samples. The candidate biomarkers PGAM-1, PDIA3, HSPD1, and SSP11 were expressed at higher levels in cancerous tissues (T) compared to paired
normal tissues (NT). GAPDH was used as loading control.
doi:10.1371/journal.pone.0047476.g004
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plasma proteins, and an increased numbers of spots were observed

in the 2-DE analysis, compared to previous reports [11,12].

Several proteins previously associated with CC were identified

in this study, including APOA1 [30], vimentin [31,32] and PDIA3

[33]. For example, decreased APOA1 serum levels have been

reported in patients with ovarian [34], pancreatic [35], and gastric

cancer [36] as well as lymphoblastic leukemia [37]. SELDI-TOF-

MS recently identified APOA1 as a potentially useful diagnostic

biomarker for CC with a sensitivity of 80% and specificity of 76%

[31].

Subsequent validation analyses of a series of individual bile

samples confirmed the expression levels of selected candidate

markers, to exclude any differences due to inter-individual

variation (Figure 3). Moreover, these results demonstrated that

the preliminary proteomic analysis generated reliable data for the

discovery of novel and valuable candidate biomarkers for CC. We

analyzed the distribution of PGAM1, HSPD1, PDIA3 and

SSP411 in CC and adjacent normal tissues using immunoblotting

and immunohistochemical staining, to confirm if these candidate

biomarkers were derived from CC. Western blotting revealed that

PGAM1, HSPD1, PDIA3 and SSP411 were expressed at high

levels in CC compared to the matched normal tissues (Figure 4).

Immunohistochemistry confirmed that SSP411 was upregulated in

CC cells compared to match normal tissues. Additionally, intense

expression of PGAM1, HSPD1, and PDIA3 was observed in the

cytoplasm of cancer cells in both hilar (Figure 5) and intrahepatic

CC (Figure S2). Simultaneously, the immune-cells around the

tumor tissue also showed high immune-intensity for HSPD1 and

PGAM-1. In contrast, SSP411 demonstrated more specific

expression in the bile duct epithelium and in CC. For this reason

SSP411 was selected for the subsequent ELISA analysis.

PGAM1 is a glycolysis enzyme which catalyzes interconversion

of 3-phosphoglycerate and 2-phosphoglycerate with 2, 3-bispho-

sphoglycerate (2, 3-BPG) [38]. PGAM1 is overexpressed in breast

cancer, and suppression of PGAM1 can inhibit breast cancer cell

proliferation [39]. PGAM1 is also markedly upregulated in

hepatocellular carcinoma (HCC) and has potential as a diagnostic

biomarker and potential therapeutic target for HCC [40]. HSPD1

is typically localized in mitochondria and interacts with Hsp10 to

chaperon nascent polypeptides. HSPD1 also interacts with Hsp70,

survivin and p53 to participate in apoptosis. Recently, HSPD1 was

associated with carcinogenesis, specifically tumor cell survival and

proliferation, in different types of cancer [41,42,43]. This is the

first report to suggest HSPD1 may be a potential biomarker of

CC. ERp57 is a 58-kDa thiol oxidoreductase, detected in a variety

of subcellular locations, and a member of the protein disulfide

isomerase (PDI)-like family encoded by human PDIA3. The main

function of ERp57 in the endoplasmic reticulum is quality control

of newly synthesized glycoproteins, and assembly of major

histocompatibility complex class 1 (MHC I). ERp57 is also

involved in the modulation of STAT3 signaling-regulated gene

expression and has been reported to be upregulated in other types

of cancer [33,44,45]. SSP411 (also known as spermatogenesis-

associated protein 20), a thioredoxin family member, is a novel

spermatid-expressed gene which is thought to play a role in sperm

maturation, fertilization and/or embryo development [46]. As

previously mentioned, SSP411 is a testis-enriched gene which is

not expressed in normal liver. This study provides the first

evidence to suggest that SSP411 is overexpressed in bile from CC

patients, suggesting that SSP411 may be a CC-associated

biomarker. Promisingly, as a single biomarker, SSP411 could

distinguish patients with CC from choledocholithiasis patients and

normal individuals, suggesting that SSP411 may represent a

potentially useful serum biomarker for the diagnosis of CC

(Figure 6). Although the mean serum level of SSP411 in the benign

group was higher than in the normal, there was no significant

difference between the two groups. The ROC analysis also

revealed that the serum level of SSP411 could not effectively

differentiate benign disease from the normal individuals

(Figure 6B). We speculated that this bias was attributed to the

insufficient sample size, especially for the benign group. Similarly,

no significant correlation was observed between the serum levels of

SSP411 and lymph node metastasis or neural invasion in CC (data

not shown), which may also be attributed to the small sample size

of the negative patients. Further research is required to

characterize the function of SSP411, which may also provide

better understanding of the pathogenesis of CC.

In conclusion, this study demonstrates that 2-DE-based

quantitative proteomic approaches are feasible for the discovery

of disease biomarkers in bile. SSP411 represents a novel promising

potential serum biomarker for CC. A study with a larger series of

CC patients, including early stage patients, with a longer follow-up

is currently in progress at our center to confirm the diagnostic

accuracy and prognostic value of SSP411.

Figure 5. Immunohistochemical analysis of PGAM-1, PDIA3,
HSPD1 and SSP411 in hilar cholangiocarcinoma (HCCA).
Differences in the expression of PGAM-1 (A, B), PDIA3 (C, D), HSPD1
(E, F), SSP411 (G, H) in cancerous (right) versus normal tissue specimens
(left). Immunohistochemical staining profiles in intrahepatic cholangio-
carcinoma (IHC) are shown in Figure S2. Bar = 20 mm.
doi:10.1371/journal.pone.0047476.g005
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Supporting Information

Figure S1 BioGPS database analysis shows the tissue
distribution of proteins identified by 2-DE. (A) Protein was

uniquely expressed in the human liver; (B) another protein was

highly expressed in the liver or fetal liver; (C) SSP411 was a male

germ cell-enriched gene.

(TIF)

Figure S2 Immunohistochemical staining of PGAM-1,
PDIA3, HSPD1 and SSP411 in intrahepatic cholangio-
carcinoma (IHC) tissues.

(TIF)

Table S1 Identification of differentiated proteins using
MALDI-TOF/TOF.
(XLSX)
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Figure 6. Validation of the diagnostic value of SSP411 in serum samples using an ELISA. (A). Distribution of the serum OD value in
cholangiocarcinoma (CC) patients, patients with benign disease and healthy individuals. (B). Receiver operating characteristic (ROC) analysis for the
optimal cut-off point for discrimination between between different groups (CC vs. benign; CC vs. benign+normal; benign vs. normal). (C). Distribution
of the serum OD values in hepatocellular carcinoma (HCC) patients, patients with liver cirrhosis and healthy individuals. (D). ROC analysis of SSP411
for HCC. (E). ROC analysis results between different CC and HCC groups.
doi:10.1371/journal.pone.0047476.g006
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