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Although the significant risk factors for hepatocellular carcinoma (HCC) are well known
from epidemiological studies, diagnosis of this disease at an early stage is difficult and HCC
remains one of the leading causes of cancer death worldwide. Thus, to identify any useful
HCC-related biomarkers is still a need. We performed surface-enhanced laser
desorption/ionization time-of-flight mass spectrometry (SELDI-TOF MS) to identify
differentially expressed proteins in HCC serum using weak cation exchange (WCX2) protein
chips. Protein characterization was performed by two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE) separation and nano flow liquid chromatography tandem mass
spectrometry (nano LC MS/MS). A total of fifty-six sera were collected from HCC patients
and compared with forty-eight patients with chronic hepatitis and nine healthy individuals. A
candidate marker with molecular weight about 8900 Da was detected as differentially
expressed in patients with chronic hepatitis C and hepatitis C virus-related HCC. We
identified this differentially expressed protein as complement C3a. The expression of C3a in
HCC sera was further validated by PS20 chip immunoassay and Western blotting.
Complement C3a was found to be elevated in patients with chronic hepatitis C and
HCV-related HCC. Combination of SELDI-TOF MS and 2D-PAGE provide a solution to
identify disease-associated serum biomarkers.
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1 Introduction

Hepatocellular carcinoma (HCC) represents the fourth most common malignant tumor
worldwide. Since 1984, it has been the leading cause of cancer death in Taiwan. About
6000-8000 people died of this cancer every year in Taiwan [1]. Alpha-fetoprotein (AFP) and
des-y-carboxy prothrombin (DCP) are both used as the tumor markers for diagnosis of HCCs.
However, both AFP and DCP are not ideal biomarkers for the early diagnosis of HCCs. To
improve survival, further identification of useful diagnostic markers and the mechanisms of



hepatocarcinogenesis are very important. As advances in proteomics have occurred, a
combination of protein separation technologies and mass spectrometry has provided
opportunities for  disease-associated marker identification and characterization.
Surface-enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI-TOF
MS) is a modification of matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) in which small amounts of protein are directly applied to a
chip [2]. Recently, the SELDI approach has been successfully used to identify biomarkers for
various cancers. Therefore, we applied the SELDI-TOF MS to globally analyze the
low-molecular weight serum biomarkers that are associated with HCC.

2 Materials and Methods
2.1 Patients and serum samples

Total of 113 serum samples selected, thirty from patients with HBV-related HCC,
twenty-six from patients with HCV-related HCC, eighteen from patients with chronic hepatitis
B, thirty from patients with chronic hepatitis C and nine from normal controls were enrolled
from National Taiwan University Hospital. The baseline characteristics of these patients were
shown in table 1.
Table 1 Study population used in the SELDI experiment

Case Gender Cirrhosis ALT (IU/ml)  AFP (ng/ml)

group o A \p) (%)

TNM staging no.
(I, 1L, IITA/IIIB,
IVA/IVB)

HBV-HCC 30 53f12 26/4 63% (19/30) 79.0£92.2  3312.0£5922.1 (9, 16, 5/0,0/1)

HCV-HCC 26 6618 16/10 66% (17/26) 99.4£124.6  6928%18893.3 (3,9, 10/0, 0/2)
CH-B 18 49f12 10/8 11% (2/18) 36.3126.8 3.1£0.9

CH-C 30 58%13  15/15 16% (5/30) 84.3162.1 7.419.3

Normal g 45445

control 5/4 0% (0/9)

2.2 ProteinChip analysis

Each serum sample was diluted and then ready to hybridize with Weak Cation Exchange
2 (WCX2) ProteinChip array. After the array surface was air-dried, 1 pL of saturated matrix
a -cyano-4-hydroxycinnamic acid (CHCA) in 50% acetonitrile and 0.5% trifluoroacetic acid
was applied and allowed to dry. Mass spectrometry analysis was performed on a PBS-II
ProteinChip reader (Ciphergen Biosystems).
2.3 Data analysis

Mass peak detection was analyzed using ProteinChip Biomarker Software version 3.0.2
(Ciphergen Biosystems).
2.4 Protein identification by in-gel digestion and mass spectrometry

Proteins of interests were separated by 2D electrophoresis. The Coomassie blue-stained
protein spots corresponding to candidate biomarker was excised and digested with
sequencing-grade trypsin. Protein identification was carried out by nanoLC-ESI-MS/MS
analysis. Peptides were characterized using a Qstar XL Q-TOF mass spectrometer (Applied
Biosystems, Foster city, CA). Proteins were identified by an automated searching algorithm
against the NCBI protein database using Mascot software (Matrix Science Inc., Boston, MA).



2.5 SELDI immunoassay

To confirm the identity of candidate biomarkers, 0.2-0.5 pug of C3a monoclonal antibody
was applied on each spot of a PS20 ProteinChip and incubated for 16 h at 4 °C in a humidity
chamber.
2.6 C3a Western blotting

To further confirm the protein chip immunoassay result, C3a Western blotting was done.

3 Results
3.1 HCC serum protein profiling by SELDI-TOF MS

Using a weak cation exchange (WCX2) chip, we identified proteins differentially
expressed between sera from normal individuals, sera from chronic hepatitis patients and sera
from HCC patients. From the result of SELDI-TOF MS analysis, 77 peak clusters were
generated and one-way ANOVA statistical method was used to test if any peak cluster
intensity was significantly different.
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As shown in Fig. 1, we identified a peak with a molecular weight of about 8920 Da that
was differentially expressed in the sera from the HCV-related liver disease patients. A scatter
plot of the normalized linear intensity of the candidate 8.9 kDa marker in all of the study
cases is shown in Fig. 2, and the mean intensities of cases within each group are indicated by
the bar. The mean intensities * standard deviation are as follows: 2.44%1.68 (normal), 2.55%
1.61 (chronic hepatitis B), 10.05%£9.09 (chronic hepatitis C), 2.15+1.47 (HBV-related HCC)
and 18.41%£19.55 (HCV-related HCC), respectively. As shown in Table 2, The mean intensity
of the 8.9 kDa marker was higher in patients with chronic hepatitis C than that in the normal
controls (p=0.0009, Table 2) as well as higher in patients with HCV-HCC than that in patients
with chronic hepatitis C (p=0.03). The mean intensities between normal, chronic hepatitis B
and HBV-related HCC were not statistically significant. These results suggest that the

appearance of the serum 8.9 kDa marker may have a correlation with HCV-infection hepatitis
and/or HCV-related HCC.

Table 2

Group pairs p value
Normal vs. Chronic hepatitis B 0.87
Normal vs. Chronic hepatitis C 0.0009"
Normal vs. HBV-HCC 0.34
Normal vs. HCV-HCC < 1x10™



—_—

Chronic hepatitis B vs. Chronic hepatitis C 0.001
Chronic hepatitis C vs. HCV-HCC 0.03°
HBV-HCC vs. HCV-HCC < 1x10™"

E3 . . . .
, statistically significant

3.2 Identification of candidate 8.9 kDa marker using 2D-PAGE and mass
spectrometry

Following the determination of the range of the 8.9 kDa protein’s pl, 2D-PAGE was
applied to separate this protein from the whole serum. After comparing the two gels images
from a normal individual and patient No. 36 (HCV-HCC) for the serum proteins, we identified
a differentially expressed protein with molecular weight located between 6.5 kDa and 14 kDa
and pl value near 9 (Fig. 3). This protein was excised and subjected to in-gel trypsin digestion,
and the internal peptide sequences were determined by nano LC MS/MS. The database search
result showed two of the differentially expressed protein internal sequences matched that of
human complement C3a (Fig. 4).

Control HCV-HCC p#36 Candidate spot identified by LC MS/MS
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Name: complement C3a
14 Score: 46; Nominal mass (M,): 9191; Calculated pl value: 9.99
8.9 KDa Sequence Coverage: 8%
6.5 Matched peptides shown in Bold
v | 1 MSVQLTEKRM NKVGKYPKEL RKCCEDGMRQ NPMRFSCQRR
35 TRFISLGEAC
51 KKVFLDCCSY ITELRRQHAR ASHLGLAR
Figure 3 Figure 4

3.4 Validation of complement C3a expression
To confirm that the 8920 Da protein identified by nano LC MS/MS was C3a, we performed
SELDI immunoassay with immobilization of a specific mouse anti-human C3a monoclonal
antibody on a PS20 ProteinChip. The result showed that C3a was captured and detected for a
HCV-related HCC (patient No. 36) serum, but not from a normal serum.
3.5 Complement C3a is elevated in sera from patients with chronic hepatitis C
and HCV-related HCC

In order to characterize the role of C3a role in liver inflammation and carcinogenesis, we
correlated C3a intensity with alanine aminotransferase (ALT) values in chronic hepatitis C
and HCV-related HCC groups. The results showed no relationship between C3a intensities
and ALT levels in either of the two groups (data not shown). In addition, the C3a did not
correlate with tumor size, AFP level or cirrhosis in the HCV-related HCC group (data not
shown). Because C3a appeared to be up-regulated in the serum of patients with chronic
hepatitis C and HCV-related HCC from SELDI analysis, it deserved to be validated the level
of expression in the subset sera of HCV-related disease. A higher percentage and intensity of
the C3a signal was found in the sera of HCV-related disease groups (Fig. 5A). We also
performed a semi-quantitative method of Western blot to detect serum C3a level from some
patients with HCV carrier, HCV cirrhosis, HCV-HCC with or without cirrhosis. Fig 6 shows
quantification of the data represented in Fig. 5B. The results from Western blot are consistent
with SELDI data. Although C3a did not correlate with known clinical parameters, it may be
an independent marker for chronic hepatitis C and HCV-related HCC.
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4 Discussion

Though several studies have applied proteomic methods to investigate the biomarkers of
HCC, most of them have used traditional 2D electrophoresis methods [3-9]. Only limited
studies have used SELDI-TOF MS to explore biomarkers in human HCC. Poon et al. used
IMAC3 Cu and WCX2 chips to identify tumor-specific proteomic signatures associated with
the differentiation of HCC from chronic liver disease without HCC [10]. The results indicated
a 8944 m/z polypeptide with the higher intensities in the serum proteomes of HCC cases
compared with chronic liver disease cases. Paradis et al. used IMAC-Zn chips to identify
serum biomarkers between cirrhotic patients with and without HCC, and found the highest
discriminating peak at 8900 Da [11]. The protein was purified further and was characterized
as the C-terminal part of the V10 fragment of vitronectin. An in vitro study suggested that the
increase in the 8900-Da fragment among the serum of patients with HCC may proceed from
the cleavage of native vitronectin by metalloprotease. Schwegler et al. used IMAC-Cu chips
and found that 38 differentially expressed proteins could be used to generate multiple decision
classification trees to distinguish known liver disease states [12]. For distinguishing chronic
HCV from HCV-HCC, a sensitivity of 61% and a specificity of 76% were obtained.
Interestingly, an 8,939 m/z protein was found to have increased following HCV infection and
was actually highest in the sera from HCV-associated cirrhosis subjects. However, they did
not identify the 8.9 kDa candidate.

We adopted a similar strategy to identify HCC-related biomarkers, however, different
chip surface (WCX2), serum fractionation and 2D-PAGE were performed. We also found that
increased expression of 8.9 kDa protein was detected in the sera of chronic hepatitis C
patients and HCV-related HCC patients. Interestingly, all the above mentioned studies found
serum protein(s) with a molecular weight near 8.9 kDa that correlated with HCC. In this study,
we demonstrated that C3a could be a potential marker in chronic hepatitis C and HCV-related
HCC patients.

Complement components are important mediators of inflammation and contribute to the
regulation of the immune response. In cancer patients, complement activation with
subsequent deposition of complement components on tumor tissue has been demonstrated
[13]. Human C3, the most abundant complement protein in serum (about 1.2 mg/ml), is made
up of a and B chains [14]. Proteolytic activation of native C3 occurs by either the
classical/lectin (C4b,2a) or alternative (C3b,Bb) pathway. C3 convertase leads to cleavage C3
between residues 726 and 727 (Arg—Ser) and generates C3b (Mr 176,000) and an N-terminal
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fragment, C3a (Mr 9,000) [14]. C3a has been reported as a potent inflammatory mediator of
innate immune response, and contributes essentially to the early priming stages of hepatocyte
regeneration after toxic injury and partial hepatectomy [15]. A previous study has also
demonstrated that complement activation products (C3a, C3b/iC3b) are generated in the
serum of experimental mice after CCly injection and that complement activation is required
for normal liver regeneration [16]. In this regards, C3a might represent a marker of
inflammation.

A recent report has also shown that elevated levels of C3a were found in the ascitic
fluids of ovarian cancer patients [17]. Thus, C3a could be a marker related to carcinogenesis.
Steel et al. used 2D-PAGE and MALDI-TOF MS to search HCC biomarkers and found that a
carboxy terminal fragment of complement C3 was down-regulated in HBV-related HCC [18].
The C3 fragment was not identical to C3a based on differences in the molecular weight and

pL.

Another interesting point in this study is that C3a was upregulated only in HCV-related
HCC, but not in HBV-related HCC. The difference was not related to the serum ALT level.
The exact explanation of this paradox is not known. It has been, however, well-documented
that there are many differences between HBV-related HCC and HCV-related HCC. The
molecular hepatocarcinogenesis might be different between HBV-related and HCV-related
HCC and therefore the effect on the expression levels of C3a might also be different.
However, this needs further investigation.

In conclusion, we applied SELDI and 2D technologies and identify complement C3a as a
potential low-molecular weight serum biomarker associated with chronic hepatitis C and
HCV-related HCC.
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In this study, we finished all the goals we set and we demonstrated that C3a could be a
potential markers relating to HCC-HCC. The revised manuscript of this study has been sent to
the journal of Proteomics. Whether C3a could be a potential marker for early diagnosis of

HCC needs further confirmation.



