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Abstract

Cholangiocarcinoma (CA) is a rare but devastating neoplasm that accounts for about
3% of all gastrointestinal cancers and 15% of all primary liver cancers worldwide. The lack
of early detection and limited therapeutic options are major problems in controlling CA.
This study was aimed to identify differentially expressed proteins in plasma obtained from
CA patients (n=30) and healthy subjects (n=30). Protein patterns and spots were identified in
pooled and each individual sample from each group using two-dimensional gel
electrophoresis (2-DE) and mass spectrometry. There were a number of protein spots which
were either up- or down-regulated in pooled and individual plasma samples from CA
patients. Five spots with up-regulation of proteins were focused on for further analysis, one
of which was identified as o;-antitrypsin. The up-regulation of a,-antitrypsin was observed
in all CA patients (10/10), and the spot density was significantly higher in these patients than
the control group (75.49 vs 19.98). Apart from o;-antitrypsin, it is noteworthy that among the
down-regulated protein spots, one spot identified as transferrin, had markedly low expression
in CA patients. Study to investigate the association between the up- and down-regulation of
oy-antitrypsin and transferrin, and the levels of both proteins in plasma/serum of patients is
underway.
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Introduction

Cholangiocarcinoma (CA) is an adenocarcinoma arising from cholangiocyte, the
epithelial cell lining the bile duct apparatus. Several epidemiologic studies have demonstrated
an increase in the incidence of CA in Southeast Asia (1). Infection with liver fluke
Opisthorchis viverini (OV) has been identified as one significant factor associated with the
risk of development of CA (2). OV is endemic in Southeast Asia, particularly in the
northeastern part of Thailand, where the daily habit of eating raw and salt-fermented
freshwater fish repeatedly exposed this local population to both OV and nitrosamine-
contaminated food. The prevalence of OV infection is up to 70.8%, and the incidence of CA
in this region is up to 317.6 per 100,000 person-years (3). The lack of early detection and
limited therapeutic options are major problems ib controlling the disease. Even those with
operable tumor, the recurrence rate was extremely high, with a 5-year survival rate of less
than 40% (4). At present, there is no effective tool or specific biomarkers that can predict the
early stage and status of CA. Established serum tumor markers include carbohydrate antigen
19.9 (CA19.9) and carcinoembryonic antigen (CEA); however, these markers are not always
helpful, with sensitivities of approximately 70% and 50%, respectively. A specific protein
marker for either early detection or monitoring of the tumor would significantly improve the
prognosis and therapeutic management of such patients. In addition, information of the
pattern of proteins that were up- or down-regulated in CA patients would be exploited for
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development of chemotherapeutics that act to inhibit the growth of this cancer. The objective
of this study was to identify differentially expressed proteins in plasma obtained from CA
patients and healthy subjects by using two-dimensional gel electrophoresis (2-DE) and mass
spectrometry.

Methods
Patient Samples: A total of 60 plasma samples collected from patients with CA

(n=30) and healthy subjects (n=30) were included in the analysis. Sample collection was
performed at The National Cancer Institute of Thailand. The study protocol was approved by
the ethics committee of the ministry of public health of Thailand. Written informed consents
were obtained from all subjects before sample collection. The diagnosis of CA was based on
abdominal ultrasound and serological. We firstly investigated protein patterns from the
pooled plasma samples to provide an overall picture of the protein profiles of samples from
both groups. Equal volume of plasma from each subject was pooled for each group (case and
control). The pooled plasma samples were depleted for removal of high abundant protein by
using a Proteome Lab IgY-12 Spin Column from Beckman Coulter. The depleted pooled
plasma sample was then applied to a Microcon YM-3 (YM-3, MWCO 3 KD, Millipore MA)
and centrifuged at 5,000 rpm (4°C). The supernatant was then filtered by using 2-D Clean-
Up. Total protein content of depleted plasma samples was determined using the DC Protein
assay (Bio-Rad) with bovine serum albumin (BSA) as a standard protein. In the second step,
proteomic profile of each individual plasma sample in both groups (10 each) was examined.
The procedures followed that described above for the pooled plasma samples.

Two-Dimensional Gel Electrophoresis (2-DE): For 2-DE, each 100 pg of depleted
plasma was exchanged with sample buffer (8 M urea, 2 M thiourea, 2%CHAPS, 65 mM
DTT, 0.5% ampholyte). After dilution to 125 pl with rehydration buffer (8 M urea, 4%
CHAPS, 65 mM DTT, 0.001% bromphenol blue, 1% Bio-Lyte ampholytes ), the samples
were loaded onto IPG strips (7 cm, covering the pH ranges 3-10 NL; Bio-Rad) for isoelectric
focusing using the PROTEAN IEF cell. After rehydration overnight at room temperature, the
voltage/time profile applied as as follows: 250 V for 15 min, 4,000 V for 1 hour, and then
4,000 V to total of 15,000 V-hr. After equilibration with a solution containing 6 M urea,
0.375 M Tris-HCI, pH 8.8, 2% SDS, 20% glycerol, 2%(w/v) DTT, IPG strips were
equilibrated again with the same solution containing 2.5% (w/v) iodoacetamide instead of
DTT. IPG strips were placed on top of 12% SDS- PAGE for second dimension separation
will follow by 200 V for 45 min with Mini-PROTEAN 3 Electrophoresis.

Protein identification by MALDI-TOF-MS: The protein spots from either the
pooled plasma or individual plasma sample from both groups were used for identification of
the proteins by peptide mass fingerprinting by MALDI-TOF-MS. Analysis of selected protein
spots was performed using PDQuest™ software version 7 (BioRad, USA). Peptides
identified was investigated with the MASCOT search engines (http://www.
matrixscience.com).

Results

Figure 1 shows protein patterns separated by 2-DE, of pooled plasma samples of
healthy subjects (control group) and CA patients. There were a number of protein spots
which were either up- or down-regulated in pooled plasma samples from CA patients. Table
1 shows examples of six protein spots which were identified by MALDI-TOF. Figure 2
presents the analysis of separated spots from pooled plasma samples of CA patients using
PDQuest™ software. Among these, five spots (ID 1375, 1427, 1512, 1324, 1368) with up-
regulation of proteins were focused on for further analysis (Table 2). The first spot was
identified as a,-antitrypsin, whereas for the other four spots, identification was not possible
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due to poor resolution from the nearby spots. The ratio of protein density in pooled plasma
collected from patients to that from healthy subjects were 4.39, 2.51, 2.11, 4.18, and 6.09,
respectively. Table 2 shows the mean density of protein spots in each individual plasma
samples of both groups. The number in parenthesis indicate the proportion of spots with up-
regulation in each group. The up-regulation of the protein spot number 1375 was observed in
all samples obtained from patients with CA, and in addition, the spot density was
significantly higher (p < 0.00001; Mann-Whitney U test) in the patient group than the control
group (75.49 vs 19.98).
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Figure 1 Protein patterns separated from pooled plasma samples of (A) healthy subjects
(control group) and (B) CA patients by 2DE

aw [T -
(kpa)’ pH 3-10 -—
200 —— K F:
116 m—
7 et
- SRS 0 yagg = -

G p— - g, LI 1368 /1360 il

| - - “ —— . Sl e R
F o — Tz m

I
51 '

- - =

2] p— -
1] —
(5,5 —

Figure 2 Analysis of separated spots by PDQuest™ software.

Discussion

Our preliminary results demonstrate significantly different protein patterns of plasma
from CA patients with a number of protein spots which were either up- or down-regulated.
Spot ID 1375 seems prominent in its up-regulation in all plasma samples (10/10), with
significantly higher protein density (75.49 vs 19.98). This spot was identified by MALDI-
TOF as o,-antitrypsin (A1AT). oy-antitrypsin is a glycoprotein and generally known as
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serum trypsin inhibitor or o;-proteinase inhibitor (A1PI). It is a serine protease inhibitor
(serpin) which inhibits a wide variety of proteases (5). a;-antitrypsin protects tissues from
enzymes of inflammatory cells, especially elastase, and has a reference range in blood of 1.5 -
3.5 gram/liter (in US the reference range is generally expressed as mg/dL or micromoles), but
the concentration can rise many folds upon acute inflammation (6). Marked increase in o.-
antitrypsin was also previously reported in CA (7).

Table 1 Examples of spots identified by MALDI-TOF
Spot ID Protein Accession Number | MALDITOF- | Protein MW Pi Expression
No NCBI of MS sequence score (kDa)
matched coverage
peptides (%)
1375 oy 151302818 13/27 34 82 46978 53.5 +4.4
antitrypsin
1314 Transferrin 553788 12/39 33 90 55207 6.0 -3.2
1321 Hemopexin | 11321561 11/41 29 79 52385 6.55 -3.3
1340 Chain A, 3212456 18/53 31 117 68425 5.67 -4.5
crystal
structure of
human
serum
albumin
1330 RAB39 39930371 8/40 52 68 25390 7.57 -34
member
RAS
oncogene
family
1352 Kimimogen | 4504893 12/51 28 81 48936 6.29 -5.0
1 isoform 2

Table 2 Mean density of protein spots in each individual plasma samples of both groups.

Spot ID Density of Protein Spot
(Number of sample found/Total sample)
Control (n=10) Cancer (n=10)
1375 (a—antitrypsin) 19.98 (8/10) 75.49 (10/10)
1427 16.93 (6/10) 30.0 (6/10)
1512 2.2 (5/10) 8.2 (5/10)
1524 1.6 (5/10) 8.2 (5/10)
1368 1.46 (2/10) 7.59 (2/10)

Apart from a,-antitrypsin, it is noteworthy that among the down-regulated protein
spots, spot ID 1314 identified as transferrin, the iron binding protein, which had markedly
low expression in plasma of CA patients. High rate of iron intake has been observed in most
cancer cells (8). In addition, the cells also express high cell surface concentration of
transferrin receptors (9) which allow binding of iron to the iron transporter holotransferrin.
Iron then enters into the cells via a receptor-mediated endocytosis process (10). Therefore,
the iron storage of tumor cells is generally greater in tumor cells than in normal cells (8).
Holo-transferrin and other iron sources have clearly been shown to increase the potency of
artemisinin (antimalarial drug with anticancer activity) in killing cancer cells (11). In our
recent study however, a controversial result was observed. Pretreatment with holo-transferrin
did not alter the cytotoxicity of artemisinin and its derivatives against the CA cell line-- CL6
(12). The possible explanation is that expression of transferrin receptor in CA may be lower
than normal cell. In a previous study, the level of transferrin was shown to be significantly
lower in intrahepatic CA cell lines when compared with normal liver tissues which is specific
for this protein (12). Study to investigate the association between the up- and down-
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regulation of a,-antitrypsin and transferrin, and the levels of both proteins in plasma/serum of
patients is underway. Further study to investigate the expression of transferrin receptor in CA
cells is required to support this supposition.

Conclusion

Our preliminary results demonstrate significantly different protein patterns of plasma
from CA patients with a number of protein spots which were either up- or down-regulated.
The roles of the two proteins identified as o,-antitrypsin (up-regulated) and transferrin
(down-regulated) in CA are under investigation.
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