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Abstract

Cholangiocarcinoma (CCA) is difficult to diagnose at an early stage and most tumors are detected
at late stage where surgery or other therapy is ineffective. Many advanced techniques are applied
to diagnose CCA; however, most are expensive and have varying degrees of accuracy. A less
invasive and simpler procedure such as serum markers would be of substantial clinical benefit for
diagnosis, monitoring, and predicting outcome for CCA patients. Recent advances in “Omics”
technologies offer remarkable opportunities for establishment of biomarker-related to diseases. In
this review, the potential biomarkers obtained from proteomics and glycomic studies are
evaluated. Several protein markers were discovered from patient specimen, using two
dimensional-differential gel electrophoresis couple with liquid chromatography tandem mass
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spectrometry (2D-DIGE/LC-MS-MS), matrix-assisted laser desorption/ionization-time of flight
mass spectrometry (MALDI-TOF-MS), surface enhanced laser desorption/ionization (SELDI)-
TOF-MS and capillary electrophoresis (CE)-MS, etc. Newly reported CCA-associated
glycobiomarkers were identified using lectin-assisted, monoclonal antibody-assisted or specific-
target strategies. The combination between carbohydrate binding-lectin and core protein-binding
mADb significantly increased the values for detection of the glyco-biomarkers for CCA. Searching
for specific and sensitive molecular markers to be used for population screening is worth being
evaluated. This could lead to earlier diagnosis and improve outcome. Further investigation of
those biomarker functions is also of value in order to better understand the tumor biology and use
them as targets for future therapeutic agents.
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Cholangiocarcinoma (CCA) is difficult to diagnose at an early stage, hence most tumors are
detected past the point where surgery or other therapy is effective. As a result, most patients
have poor prognosis [1]. To detect CCA, several approaches have been tested such as:
ultrasonography and CT scanning, percutaneous transhepatic cholangiography, endoscopic
retrograde cholangiography or fine needle aspiration. However, these techniques are
expensive and have a varying degree of accuracy and are available to only a limited number
of patients. An improved detection of malignancy with a simpler and less invasive approach
such as serum markers would be of substantial clinical benefit for diagnosis, monitoring, and
predicting outcome for CCA patients.

Currently, there are only nine cancer serum biomarkers that have been approved by the FDA
for clinical use [2] such as a-fetoprotein (AFP) for monitoring liver cancer; prostate specific
antigen (PSA) for screening and monitoring of prostate cancer; CA19-9 for pancreatic
cancer; CA15-3/CA27-29 and HER2/neu for monitoring of breast cancer, etc. At present,
carcinoembryonic antigen (CEA) and CA19-9 are the clinically used serum markers for
CCA. However, the low sensitivity/specificity and also inadequate early detection, limit the
usage of these markers for diagnosis of CCA. New tumor markers with higher sensitivity
and specificity are urgently needed.

Several single serum markers for diagnosis of CCA have been recently reviewed [3]. Recent
advances in “Omics” technologies offer remarkable opportunities for establishment of
biomarker-related diseases. A variety of technologies have been applied to biomarker
discovery. In this review, the potential biomarkers obtained from proteomic and glycomic
studies are evaluated.

Proteomic-based markers

Serum proteome

Proteomic and advanced proteomic analysis allow protein profiling in large numbers,
instead of focusing on single protein and is a valuable discovery tool for biomarkers.
Proteomic-based approaches are increasingly applied to cancer biomarker discovery as
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proteins can be qualitatively and quantitatively analyzed. The protein profiles of biological
samples determined in a high-throughput fashion allow us to identify proteins that are
differentially regulated in cancers and may possibly be novel biomarkers.

The process of evaluating a biomarker starts from discovery through validation, clinical trial
and clinical application. The pipeline includes selection of biological samples of cancer and
normal control, proteomic profiling by using alternative approaches (e.g. two dimensional
gel electrophoresis, 2-DE; surface enhanced laser desorption/ionization, SELDI; and liquid
chromatography, LC), data analysis to find the differentially expressed proteins, protein
identification, validation of the proteins of interest by suitable methods, and evaluation of
their applicability in a clinical setting as diagnostic and prognostic tools (Fig. 1).

In Table 1, we review the results of proteomic profiling of CCA in various biological
samples and the potential use of these biomarkers. Two proteomic profiles of CCA and
normal liver tissues were analyzed by two dimensional differential gel electrophoresis (2D-
DIGE) coupled with mass spectrometry [4, 5]. Immunohistochemistry (IHC) confirmed an
increased expression of 14-3-3p/a protein in CCA cells while periostin and a-SMA (a-
smooth muscle actin) were overexpressed in the stromal myofibroblasts surrounding CCA
cells [4]. The detection of periostin or 14-3-3 proteins in serum of cancer patients suggested
that these markers may be a useful marker for detection of malignancy [6, 7]. Periostin has
been reported to be highly expressed in fibroblasts derived from CCAs and also to correlate
with poor prognosis [8]. Another 2D-DIGE analysis and validated IHC data of CCA tissue
microarrays showed elevated expression of SLI00A9 (S100 calcium-binding protein A9) and
CCTy (chaperonin-containing TCR1 subunit 3 (y)) in CCA tissues. These data provided the
novel diagnostic markers for CCA [5].

A comparison of CCA and normal bile duct tissues, using differential liquid
chromatography-mass spectrometry (LC-MS) based proteomics, identified the upregulation
of actinin-1, actinin-4, protein DJ-1 and cathepsin B in CCA tissues. These four proteins
were overexpressed in 5/6 CCA cases as shown by IHC and western blotting (WB), and may
be considered as candidates for CCA diagnosis [9].

Fractionation of protein samples to enrich cellular subproteomes prior to analysis can
increase the coverage of certain classes of molecules. Several highly expressed proteins in
CCA were identified using a membrane protein enrichment strategy coupled with 180-
labeling based quantitative proteomics. Golgi membrane protein 1 (GOLM1), annexin IV
and epidermal growth factor receptor pathway substrate (EPS8) were validated using WB
and IHC of tissue microarrays. GOLM1 was overexpressed in 89% of CCA cases, and
detectable in serum. This may represent an early detection of CCA [10].

In order to obtain an accurate protein profile of more homogeneous tumor cell populations
from bulk tissues, Dos Santos performed a combination of laser microdissection (LM) and
accurate mass and time (AMT) tag proteomics. The differentially expressed proteins
between four intrahepatic CCA (ICC) and five perihilar large bile duct sections obtained
from control subjects without ICC were analyzed [11]. WB analysis verified that vimentin
and profilin-1 were overexpressed while carbonic anhydrase 11 (CAIl) was under-expressed.
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IHC showed that vimentin was overexpressed in 70% of ICC but none was detected in the
controls. These findings suggested that vimentin could be a diagnostic marker for ICC.

Proteomic profiles of four Opisthorchis viverrini-induced CCA cell lines (M156, K100,
M139 and M213) were compared with non-tumor H69 biliary cell line using 2-DE followed
by matrix-assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-
TOFMS) [12-14]. Annexin A2 (ANXAZ2), a-enolase (ENO1), peroxiredoxin 1 (PRX1),
ezrin-radixin-moesin-binding phosphoprotein 50 (EBP50) were differentially expressed.
Data verification by IHC analysis of 301 cases CCA in the tissue microarrays showed an
association of these protein candidates with prognostic parameters. ANXA2 was associated
with lymphatic invasion, metastasis and shorter survival time [14]; ENO1 was related with
poor prognosis and tumor invasion [12]; low expression of PRX1 and high expression of
EBP50 correlated with reduced survival [13]. Collectively, these proteins could be the
potential prognostic markers in CCA.

The markers for distinguishing CCA from hepatocellular carcinoma (HCC) were also
identified by proteomic approaches. The proteomic pattern of bile duct epithelial carcinoma
cell line (HuCCA-1) was compared to HCC cell lines (HepG2 and HCC-S102) [15]. The 2D
gel electrophoresis (2DE) analysis and WB results demonstrated the exclusive expression of
cytokeratin 7 (CK7), cytokeratin 19 (CK19) and galectin-3 in HUCCA-1. Additionally, the
unknown protein U2/2 with MW/pl 42.2/6.20 was also highly expressed in HUCCA-1 but
not in HCC cell lines. These proteins may serve as the useful biomarkers for differential
diagnosis of CCA from HCC. Subproteomes of membrane and cytosolic proteins from the
HUCCA-1 and the HCC-S102 cell lines could be enriched to improve the detection of low
abundance or low-solubility proteins [16]. Comparative analysis using 2-DE and LC-MS-
MS, some differentially expressed proteins, fascin, CK7, CK8, CK18, and CK19, were
identified and confirmed by WB. Moreover, 10 membrane proteins were found in HUCCA-1
but not in HCC-S102, namely calgizzarin (S100A11), ezrin, moesin, radixin,
immunoglobulin kappa chain variable region, inte-grin alpha-6 precursor (ITGA6),
cytochrome c oxidase poly-peptide Vb isoform 1 (COX6B1), glycerol-3-phosphate
dehydrogenase(GPD),hippocalcin-likeprotein 1(HPCAL1), mitogen-activated protein kinase
1 (MAPK1). Distinctive proteins found between CCA versus HCC cell lines may be
possible biomarkers for distinguish CCA from HCC.

Comparison of secretomes from CCA (HUCCA-1) and four HCC cell lines (HCC-S102,
HepG2, SK-Hep-1, and Alexander) was carried out by sodium dodecyl
sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) combined with LC-MS-MS
approach [17]. Neutrophil gelatinase-associated lipocalin (lipocalin 2), laminin 53,
cathepsin D precursor, desmoplakin, annexin 1V variant, and annexin A5 were
overexpressed in HUCCA-1. WB validation showed that lipocalin 2 was detected only in the
conditioned media (CM) of HUCCA-1 but not in those of the HCC cell lines. Lipocalin 2
was also detected in CCA tissues but not in the normal adjacent tissues. This finding
suggested that lipocalin 2 may be a possible diagnostic marker for discrimination of CCA
from HCC.
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Molecular markers in biological fluids, for example, serum, plasma, bile and urine allow us
to detect or diagnose the patients in a non-invasive fashion. Serum secretomes of CCA
analyzed by SELDI-TOF-MS, were reported from two studies. In the first study, sera
profiles from 427 serum samples including 56 CCAs, 49 hepatobiliary diseases, 269 other
cancer controls, and 53 healthy individuals were compared [18]. Downexpression of 13.76,
13.88, and 14.04k mass-to-charge (m/z) peaks were detected in sera of CCA patients
compared to those from healthy controls and benign hepatobiliary diseases. These peptides
were identified and confirmed by WB to be native transthyretin (TTR) and its two variants.
The enzyme-linked immunosorbent assay (ELISA) indicated that TTR levels were
consistent with SELDI analysis in CCA compared with control groups. Combination of TTR
with carbohydrate antigen 19-9 (CA19-9) yielded 98.2% sensitivity and 100% specificity in
differentiating CCA patients from benign hepatobiliary disease patients. This indicated that
TTR may be a complementary marker of CA19-9 for CCA diagnosis.

The SELDI profiling of patients with 60 CCAs, 60 benign hepatobiliary diseases and 53
normal individuals was analyzed [19]. The 28k m/z peak was decreased in CCA patients’
sera and identified as apolipoprotein A-l1 (ApoA-I). WB and ELISA results validated the
lower expression level of ApoA-I in CCA sera than in normal individuals, suggesting
ApoA-I to be a potential diagnostic marker for CCA.

Our group recently reported the two dimensional gel electrophoresis profiles of low
abundant proteins in the sera of CCA patients in comparison to healthy subjects [20]. Of the
36 differentially expressed proteins, a1p3-glycoprotein (A1BG) and afamin (AFM) were
detected consistently at different degrees in CCA sera compared to those of healthy controls.
Serum A1BG/AFM ratio evaluated by a single WB analysis could detect CCA cases with
87.5% specificity and 84.4% sensitivity. The levels of ALBG/AFM ratio were significantly
higher in CCA cases compared to controls. IHC staining of A1BG and AFM in CCA tissues
confirmed the expressions of A1BG and AFM in serum. In addition, a high level of
A1BG/AFM ratio in postoperative serum was associated with worse outcomes and the
infiltration of resection margins. The AIBG/AFM ratio may constitute a candidate marker
for diagnosis, prognosis and monitoring of CCA.

An assessment of low abundance plasma proteins of CCA patients and control subjects
using 2-DE and MALDITOF-MS showed upregulation of al-antitrypsin (AP1) in CCA
patients [21]. Higher level of AP1 in CCA patients’ sera than those of healthy controls was
verified by nephelometry (NPL). Using binary logistic regression analysis of three serum
biomarkers (CA19-9, AP1 and a-fetoprotein: AFP), serum levels of at least CA19-9
together with AP1 were the minimum requirement to obtain prediction accuracy of greater
than 80% for diagnosis of CCA. However, to obtain high predictability of 100% or
approaching, an addition of at least one of the three liver enzymes (alkaline phosphatase:
ALP; aspartate aminotransferase: AST; alanine aminotransferase: ALT) was required.

The early stages of CCA development can be studied using the hamster model. CCA were
induced by the combination of N-nitrosodimethylamine (NDMA) treatment and
Opisthorchis viverrini (OV) infection. Proteomic profiles of pooled plasma from normal
control, NDMA-treated, OV-infected and OV+NDMA treated groups were generated by
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SDS-PAGE coupled with LC-MS-MS [22]. Two over-expressed molecules, orosomucoid-2
(Orm2) and kinesin-18A (KIF18A) were verified by WB in the hamster liver and plasma.
The expression levels of these proteins were increased significantly at 21 days post-
treatment, which was defined as the precancerous stage. IHC staining revealed that KIF18A
was expressed in the epithelial cells of newly formed small bile ducts, some inflammatory
cells and hepatocytes. Determination of these proteins in early stage CCA patients’ sera is
needed to verify the possibility of using these proteins as early diagnosis of CCA.

Bile proteome

Instead of serum markers, bile is also a logical attractive alternative fluid for identifying
CCA associated/specific biomarkers. Bile is more proximal than serum to the tumor and its
flow through the biliary tree should favor the enrichment of CCA-derived products.
Unfortunately, bile samples can only be obtained by invasive techniques and therefore the
use for screening purposes or surveillance of population at risk is limited [23].

The catalog of human bile protein components of CCA patients was established and
identified by SDS-PAGE/LCMS-MS approach [24]. Among malignancy-related proteins,
Mac-2-binding protein (Mac-2BP) was of interest [25]. Level of Mac-2BP in bile samples
was measured using ELISA. Biliary Mac-2BP levels were approximately threefold higher in
the CCA patients compared with those from benign biliary conditions and primary
sclerosing cholangitis (PSC). Mac-2BP was expressed in 94.4% (34/36 cases) of CCA tissue
microarrays. Mac-2BP levels were as accurate as biliary CA19-9 levels, with an area under
the curve (AUC) of 0.70 on receiver operator characteristic analysis. Combining both
markers improved their diagnostic utility, yielding an AUC of 0.75 which is higher than that
of using CA19-9 alone.

Another comprehensive catalog of bile proteins in four hilar CCA patients was also
constructed by SDS-PAGE/LCMS-MS [26]. The products of 813 unique genes were
identified. Of these, 268 were present in at least 3 of 4 patients. This dataset represented the
largest catalog of bile proteins to date. A significant proportion of bile proteins were similar
to major abundant proteins found in plasma [27] but included known CCA-associated
proteins, for example, MUC 1 [28], lipocalin 2 [17] and vimentin [11, 29]. Comparative
proteomic profiling of pooled bile samples from 15 CCA patients and 10 cholangitis patients
were analyzed by a classic 2D-MS-MS strategy [30]. Thirty-eight proteins were upregulated
in bile from CCA patients. WB 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 sperm-specific protein 411 (SSP411; also named
SPATAZ20) were significantly upregulated in individual bile samples from CCA patients.
These proteins were also overexpressed in CCA tissues relatively to normal tissues. Among
these, SSP411 displayed a potential serum diagnostic biomarker for CCA, with a sensitivity
of 90.0% and specificity of 83.3%.

Urine proteome

Although bile is the biofluid that would be most concentrated for CCA proteins, the
collection of bile is invasive and time consuming. Urine appears to be an attractive
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diagnostic biofluid in many aspects: (1) it harbors lower numbers of proteins and lipids; (2)
urine proteins remain relatively stable due to minimal proteolysis after sampling; and (3) it
is non-invasive and frequently accessible [31, 32].

Urine proteomes of 14 CCA, 13 PSC and 14 benign biliary disorder (BBD) patients were
established by capillary electrophoresis mass spectrometry (CE-MS) [33]. Of 42 CCA-
specific peptide markers, the majority of sequence-identified peptides were fragments of
interstitial collagens. In cross-sectional validation of 123 patients, the urine peptide marker
model correctly classified 35 of 42 CCA patients and 64 of 81 PSC and BBD patients with
AUC of 0.87, 83% sensitivity, and 79% specificity. Evaluation of 101 normal controls
resulted in 86% specificity. All 10 patients with CCA on top of PSC were correctly
classified, indicated its potential for PSC surveillance. IHC staining of matrix
metallopeptidase 1 (MMP-1 also known as interstitial collagenase) noted the increased
expression of MMP-1 in CCA tissues compared with PSC controls. This attributed
increasing fragments of interstitial collagens in CCA urine. The urine test could differentiate
CCA from PSC and other BBD and may provide an alternative diagnostic noninvasive tool
for PSC surveillance and CCA detection.

Glyco-biomarkers

Aberrant in synthesis of glycans and glycoproteins in association with tumor development
and/or progression have been demonstrated in many types of cancer [34-36]. Many cell
surface glycans, such as CA19-9 (also known as sialyl-Lewis A, sLe?) and sLeX, were
identified and used as biomarkers for diagnosis, monitoring, and prognostic prediction of
many diseases including cancer. Roles of specific glycans and glycoproteins on cancer
development and metastasis are progressively reported. For example, CA19-9 and sLe* were
identified as E-selectin adhesion moieties mediating extravasation during metastasis of
cancer cells [37, 38]. CA-S27 (sLe? associated glycan) involved in cell adhesion, migration
and invasion of CCA cells [39].

During the past decades, many glycomics and glycolproteomics studies revealed a number
of glyco-biomarkers for CCA. The values of some glyco-biomakers, such as CEA, CA19-9,
mucin 5AC (MUC5AC), MUCL, total sialic acids, have been summarized in the previous
review [3]. This review is aimed to summarize the glyco-biomarkers for CCA and also
updating the values of newly reported CCA-associated glyco-biomarkers based on the
strategies for discovery (Table 2): (1) lectin-assisted strategy; (2) monoclonal antibody
(mADb)-assisted strategy; and (3) specific-target strategy.

Lectin-assisted strategy

Lectin-assisted strategy for discovery of glyco-biomarkers was used based on the sugar
specificity of the lectins. Many glyco-biomarkers were successfully identified using lectin
approach. The lectin-assisted strategy for detection of CCA-associated glyco-biomarkers
started by screening the potential-lectins, which could differentiate CCA from normal bile
duct epithelium or sera of CCA patients from normal subjects as summarized in Figure 2.
Lectinmicroarray consisting of 43 lectins has been used to identify the CCA-associated
glyco-biomarkers in Japanese CCA patients’ tissues [39]. Wisteria floribunda agglutinin
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(WFA) was the most effective lectin to differentiate CCA from normal bile duct. WFA-
binding glycoconjugates was purified using lectin-affinity chromatography and identified by
LC-MS/MS. Mucin (MUC)-1 was identified as a major carrier of WFA-binding glycans in
bile of CCA patients [40]. However, the identification of core-protein for WFA in
microdissected-CCA tissues revealed the L1 cell adhesion molecule (LLCAM) as the main
core-protein [41]. The ELISA was then developed using the combination of WFA and
specific-mAbs against MUC1 or LLCAM. The ELISA was consequently used in the
detection of WFA-positive MUC1 and WFA-positive LLCAM in bile and serum samples.
The sensitivity and specificity for CCA diagnosis were 90% and 72% for WFA-positive
MUC1 and 66% and 93% for WFA-positive LLCAM, respectively. Combination of WFA-
positive MUC1 and WFA-positive LLCAM increased the sensitivity and specificity for
diagnosis of CCA up to 90% and 79%, respectively.

Lectin histochemistry of tumor tissues from Thai CCA patients emphasized the alteration of
glycan synthesis in CCA, when comparing CCA with the adjacent normal bile ducts [42].
The study revealed that succinylated-wheat germ agglutinin (SWGA), Ulex europaeus
agglutinin-1 (UEA-I), and Sophora japonica agglutinin (SJA) could distinguish CCA from
normal bile ducts. The lectins showed less reactivity with normal bile ducts, hepatocyte, and
stromal cells in the liver, while it strongly reacted with neoplastic bile ducts. The lectin
profiles of tumor tissues from Thai and Japanese CCA patients were different. This
discrepancy may be due to the different etiology of CCA of these two subject sets. This
postulation is supported by the fact that tumor tissues from Thai- and Japanese-CCA
exhibited different expression profiles [43].

Glycan profiles of CCA patients’ sera using lectin blotting revealed soybean agglutinin
(SBA) is the most effective lectin to detect CCA-associated glyco-biomarkers [44]. From
this basis, SBA was continuously used for development of lectin-based ELISA to detect
markers in CCA patients’ sera. The SBA sandwich ELISA systems were developed to detect
serum mucin MUCS5AC [45], CCA-CA [46] and CA-S27 [36]. The ELISA systems offered
a strong power for diagnosis and prognostic prediction of glycolbiomarkers for CCA.

Monoclonal antibody-assisted strategy

Monoclonal antibody (mAb)-assisted strategy is another successful approach to identify
CCA-associated glycobiomarkers. Using tumor homogenate as the source of antigens, two
monoclonal antibodies (KKU-S121 mAb and carbohydrate antigen S27; CA-S27 mAb)
recognizing CCA-associated glyco-biomarkers were successfully established [36, 46]. Le?
associated glycan epitope was identified as a specific antigen of CA-S27 mAb (so called
CA-S27 antigen) while the epitope recognized by KKU-S121 mAb is still unknown and was
designated as CCA-associated carbohydrate antigen (CCA-CA). Although a high level of
MUCS5AC showed the association with poor survival of CCA patients, high levels of both
CA-S27 and MUCSAC in serum indicated worse survival of the patients compared with
those exhibiting high MUC5AC alone.
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Specific target strategy

Determination of glycosaminoglycans (GAG) by cellulose acetate electrophoresis and high-
performance liquid chromatography (HPLC) revealed the elevation of hyarulinic acid in
liver tissues obtained from CCA patients, when compared to those from normal liver and
HCC [47]. Heparan sulfate proteoglycans such as perlecan (basement-membrane-type
heparan sulfate proteoglycan), syndecan-1, and agrin were elevated in CCA and played
important roles in CCA progression [48-50]. Perlecan was highly produced in CCA-
associated fibro-myxoid stroma [50]. Syndecan-1 translocation was found in CCA as
membranous and diffuse cytoplasmic expressions, whereas those found in normal biliary
cells exhibited basolateral expression [49]. Lymph node metastasis and poor prognosis of
CCA patients was associated with low expression of sydecan-1 in tumor tissues, suggesting
the possibility of sydecan-1 as prognostic marker for CCA patients [49]. High level of agrin,
and being a member of heparan sulfate proteoglycan super family, were detected in CCA
tissues compared with normal livers. Moreover, agrin was speculated to play an important
role in revascularization and progression of CCA [48].

Conclusion and prospective

In summary, “proteomic and glycomic” technology facilitates measurement and analysis of
a number of protein and glycoprotein markers simultaneously. These approaches produce a
protein or glyco-biomarker profile signature that can identify or diagnose CCA from the
appropriated biological samples. Although different approaches have been used for
searching for glyco-biomarkers, the combination of lectin and mAb is a powerful strategy to
enhance the efficiency of glyco-biomarkers detection. Many biomarkers are discovered and
useful for distinguishing CCA from normal and non-malignant biliary tract pathologies. The
incorporation of these new promising markers with existing markers or liver function
enzymes should provide greater diagnostic value than single markers alone. Most
importantly, researchers are still searching for specific and sensitive molecular markers to be
used for population screening. This could lead to earlier diagnosis and improve outcome.
The functions of those biomarkers are also needed to be further investigated in order to
better understand the tumor biology and use them as targets for future therapeutic agents.
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Fig. 1.
Pipeline of molecular biomarker discovery by proteomic analysis
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Lectin- and monoclonal antibody assisted strategies for discovery of glyco-biomarkers
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Table 1

Potential cholangiocarcinoma (CCA) biomarkers discovered by proteomic analysis

Page 15

Sample Proteomic approach Validation method Candidate biomarker Applicability References
Tissue 2-D DIGE/LC-MS-MS IHC 14-3-3 p/a protein, Detection, prognosis  [4]
periostin, a-SMA
2-D DIGE/MALDI-TOF-MS IHC S100A9, CCTy Diagnosis [5]
LC-MS-MS IHC, WB actinin-1, actinin-4, Diagnosis [9]
protein DJ-1, cathepsin B
LC-MS IHC, WB GOLM1, ANXA4, EPS8 Early detection [10]
LM and AMT tag proteomics IHC, WB vimentin, profilin-1, CAlIl  Diagnosis [11]
Cell line 2-DE/MALDI-TOF-MS IHC ANXAZ2, ENO1, PRX1, Prognosis [12-14]
EBP50
2-DE/MALDI-TOF-MS/ESI-MS-MS ~ WB CK7, CK19, galectin-3 Diagnosis [15]
2-DE/LC-MS-MS WB fascin, CK7, CK8, CK18, Early detection [16]
CK19
Conditioned media  SDS-PAGE/LC-MS-MS wB lipocalin 2 Diagnosis [17]
Serum SELDI-TOF-MS WB, ELISA TTR Diagnosis [18]
SELDI-TOF-MS WB, ELISA ApoA-I Diagnosis [19]
2-DE/LC-MS-MS IHC, WB A1BG, AFM Diagnosis, prognosis  [20]
Plasma 2-DE/MALDI-TOF-MS Nephelometry AP1 Diagnosis [21]
SDS-PAGE/LC-MS-MS IHC, WB Orm2, KIF18A Early diagnosis [22]
Bile SDS-PAGE/LC-MS-MS IHC, ELISA Mac-2BP Diagnosis [24, 25]
SDS-PAGE/LC-MS-MS ND MUC 1, lipocalin 2, Diagnosis [26]
vimentin
2DE/MS-MS IHC, WB, ELISA SSP411, PGAM-1, Diagnosis [30]
PDIA3, HSPD1
Urine CE-MS CE-MS fragments of interstitial Detection, diagnosis  [33]

collagens

2-DE two-dimensional gel electrophoresis, Al al-antitrypsin, A1BG alB-glycoprotein, AFM afamin, ALB serum albumin, ANXA2 annexin A2,
ANXA4 annexin IV, ApoA-1 apolipoprotein A-I, CAIl carbonic anhydrase 11, CCTychaperonin-containing, CE capillary electrophoresis, CEACAM6
carcinoembryonic antigen-related cell adhesion molecule 6, CK cytokeratin, DIGE differential gel electrophoresis, EBP50 ezrin-radixin-moesin-
binding phosphoprotein 50, ENO1 a-enolase, EPS8 epidermal growth factor receptor pathway substrate, ES electrospray ionization, GLUTI
glucose transporter 1, GOLM1 golgi membrane protein 1, HK 11 hexokinase type |1, HSPD1 heat shock 60 kDa protein 1 (chaperonin), ITIH4 inter-
alpha-trypsin inhibitor heavy chain H4, KIF18A kinesin 18A, LC-MSMSliquid chromatography tandem mass spectrometry, LM and AMT tag
laser microdissection and accurate mass and time tag, Mac-2BP mac-2-binding protein, MALD1-TOF matrix-assisted laser desorption/ionization-
time of flight, MUC 1 Mucin-1, ND No Data, Orm2 Orosomucoid 2, PDIA3 protein disulfide isomerase family A member 3, PGAM-1
phosphoglycerate mutase 1 (brain), PRX1 peroxiredoxin 1, SI00A9 S100 calcium-binding protein A9, SDS-PAGE sodium dodecyl sulfate
polyacrylamide gel electrophoresis, SELD1 surface enhanced laser desorption/ionization, SSP411 sperm-specific protein 411, TCR1 subunit 3(y),
TTR transthyretin, a-SMA a-smooth muscle actin

J Hepatobiliary Pancreat Sci. Author manuscript; available in PMC 2015 February 10.



Page 16

Silsirivanit et al.

uiunnibbe epungiio]} LIS VMW ‘Utunnibbe wisb 1eaym parejAuidans yos ‘ulunnibbe ueaq Aos
Vas ‘OVS Udnw DYSONIN ‘T uidnw TONIA ‘S3IPogiiue [BUOJI0UOW SOyW ‘AB1Ie0IdIW URIS| INT ‘ASIWBy20ISIy uindal DHT ‘Annswolidads ssew wapue) AydesBorewosyd pinbiiSWSIN-OT ‘Bumolq upas|
g7 ‘a|ndsjow uoisaype [139 |1 INVYITT ‘AydelBorewolyd pinbij souewuoyiad ybiy O1dH ‘suedAjboulwesodh|f Oyo ‘Aesse Juagiosounwiwl payul|-awAzus ¥S |13 ‘sisaioydolids)a a1e1ade asojn|8d Ivd

sisouboid

[sy] sisouBeig DHI anssiL unbe W\ N VN VN wN

[6v] sisouboid OHI anssiL T-uedspuAs VN VN VN VN VN

[os] sisoubeig OHI anssi L ueos|Jad wN N vN VN ¥N

[y] sisoufer@ O7dH ‘aVO  enssiL ov9 W\ N VN VN ¥N ERITRERY
m_wocmo_n_ oanssi | Saul| 118D

[oy] sisouBeig LS RE! wnies OVSON  SIN/SIN-OT wnes  vsIT3 wnies TZTS-NMIM
sisouboid anssi ] saul| 1190

[og] sisoufeig vsI13 wnJes OVSONIN SIN/SIN-OT wnes  VSIN3 wn.ies 125°V2 Isisse-gyw

[7y]  sisouBeig a1 anssi L VN VN VN a1 wnias vas
sisouboid

[ey]  sisouBeig OH1 anssiL 7\ 7\ ¥N OH1 anssiL VOMS

[ty] sisouBeig LS RE! a|g WVOTT  SIN/SIN-OT ang N1 anssi L. V4M

[oy]  sisoufeig vSIT3 ang TONW  SIN/SIN-OTT anssi L N anssiL VAM 1SISSe-U11097
asodind spoyp N so|dwes spbieiselIe) SPOYRIN  s3|dwes  spoyeiN  s3|dwes

S9OUR B JPY suolresldde esiun ) supo.d ;B11Jed JO uolediiuep| DUIUSSIOS  SQyW JOSUIID| [e1IUBI0d  AJBA0SIP oy few Joy ABare s

NIH-PA Author Manuscript

¢ ?dlqel

(WDD) ewoulosedolBuejoyd oy siaxewolq-09A4|6 [enualod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Hepatobiliary Pancreat Sci. Author manuscript; available in PMC 2015 February 10.



