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Hepatocellular carcinoma (HCC) is a major cause of cancer-related death in Taiwan. The 
major risk factors identified in the development of HCC are persistent hepatitis caused by 
infection of hepatitis B virus (HBV) or hepatitis C virus (HCV). Hepatocarcinogenesis was 
preceded by a long period of subclinical stage, and diagnosis of this disease was often at late 
stage. The 5-year survival rate for HCC patients is below 50%. Current methods for the 
diagnosis of HCC main rely on serological markers such as alpha-fetoprotein (AFP) and 
certain liver enzymes, together with ultrasonography. However, AFP index has poor 
specificity. Searching new markers for HCC diagnosis and monitoring this disease is urgent. 
To identify tumor antigens presented by HCC, we used a proteomic approach combined 
serological and 2D-SDS/PAGE techniques. HCC patient sera serve as antibodies, and tumor 
tissue protein as antigens. Numerous circulating anti-tumor antibodies have been described in 
the serum of patients for a variety of cancers. In this study, 20 HCC serum samples and 10 
HCC surgical tumor tissues were collected. Tumor proteins were extracted and separated by 
2D-SDS/PAGE, and then were transferred to PVDF membranes for immunodetection. 
Comparison of autoantibody responses generated by HCC patients and normal subjects made 
us identify the differentially HCC candidate antigen spots. Following in-gel digestion and 
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF), 
we have identified 27 candidate antigens that may be involved in chronic hepatitis B and 
HBV-related HCC. Characterization of these candidate antigens may provide insight the 
carcinogenesis of HCC and improve diagnosis. 
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INTRODUCTION 

Hepatocellular carcinoma (HCC) is one the most common malignancies in the world. 
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). However, the therapeutic results remain 
unsatisfactory. Alpha-fetoprotein (AFP) and des-γ-carboxy prothrombin (DCP) are used as the 
tumor markers for diagnosis of HCCs. However, both the AFP and DCP thus are not ideal 
biomarkers for the early diagnosis of HCCs. To improve the survival, further investigations of 
the early diagnostic markers is very important. 

The global analysis of cellular proteins has recently been termed proteomics and is a key 
area of research that is developing in the postgenomic era (2, 3). With respect to cancer, 
proteomics has the potential to identify novel targets for therapy or markers for diagnosis. The 
proteome reflects both the intrinsic genetic programme of the cell and the impact of its 
immediate environment and is therefore valuable in biomarker discovery (4).The proteomic 
profiling techniques in biomarker discovery include (1). 2-D PAGE / MALDI-MS 
(two-dimensional gel electrophoresis, polyacrylamide gel electrophoresis) / matrix assisted 
laser desorption/ionization-mass spectrometry), (2). LC/MS/MS (liquid 
chromatography/MS/MS), (3). SELDI-TOF (surface-enhanced laser desorption ionization 
time-of-flight) (5). These techniques have their own advantages and shortcomings. They are 
complementary to each others in the identification of biomarkers. Proteomic approaches are 
likely to discover a wide range of new cancer biomarkers that can be used for the early 
diagnosis of cancers (6).  

PROTEOMEX or SERPA (serological proteome analysis) is a combination of 
conventional proteome analysis with serology. This approach employs 2-D PAGE allowing 
the separation of individual cellular proteins from both tumor as well as corresponding normal 
tissue. The separated proteins were then transferred onto membranes which were 
subsequently incubated with sera from cancer patients or normal healthy volunteers (7, 8). 
PROTEOMEX can be used for the identification of diagnostic and prognostic markers in 
cancers. PROTEOMEX has been successfully applied to find serum markers / tumor 
associated antigens (9-12). In this current project, we applied the PROTEOMEX to identify 
the HCC biomarkers. 

 

MATERIALS AND METHODS 

 

In this study, 20 HCC serum samples 
and 10 HCC surgical tumor tissues were 
collected. The experimental strategy was 
illustrated in the figure. Tumor proteins 
were extracted and separated by 
2D-SDS/PAGE, and then were 
transferred to PVDF membranes for 
immunodetection. Comparison of 
autoantibody responses generated by 
HCC patients and normal subjects made 
us identify the differentially HCC 
candidate antigen spots. Following 
in-gel digestion and matrix-assisted 
laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF). 
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RESULTS 

 

Screening of HCC antigen-antibody 
response by Western blottting. Crude 
HCC proteins were transferred onto 
PVDF membrane, and cut into strips as 
antigens for separate serum IgG 
hybridization. We obtained 20 sera from 
(A) chronic hepatitis B patients, 4 sera 
from (B) healthy volunteers and 20 sera 
from (C) HBV-related HCC patients. 
Western blot was detected by a 
colorimetric method, and 
3-amino-9-ethyl carbazole was used as 
developing substrate. Red-boxed serum 
were pooled for further 2D-western 
blotting. 

 

 

Isolation of candidate antigens by 
2D-western blotting. Crude HCC 
proteins were separated by 
1D-IEF(isoelectric focusing) 
according to protein pI, and 11% 
SDS-PAGE in second dimension. 
13 cm IPG strip, pH3-10 was 
used. (A) 7 pooled sera form 
chronic hepatitis B patients, (B) 4 
pooled sera from healthy 
volunteers and (C) 6 pooled sera 
from HBV-related HCC patients.  

 

 

Identification of candidate antigens by 
MALDI-TOF mass spectrometry. 1 mg HCC 
proteins were resolved by 2D-SDS/PAGE, 
and the gel was stained with Coomassie blue. 
Protein spots were excised from the gel, and 
subjected to in-gel digestion and mass 
spectrometric analysis. The identified proteins 
were shown in table 1. 
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Table 1. Identification of candidate autoantigens in HBV-related HCC by MALDI-TOF mass 
spectrometry 
Spot no Protein name M.W./pI 
1   MYEF2 protein 22.44/9.4 
2 proliferation-inducing gene 17 20.09/8.9 
3 manganese-containing superoxide dismutase 23.67/6.9 
4 antigen MLAA-35 16.43/6.8 
6 tyrosyl-DNA phosphodiesterase protein 21.27/9.4 
8 MYL3 protein 21.93/5.0 
11 peroxiredoxin 6 25.04/6.0 
13 MTO1 isoform 2 34.29/9.1 
29 HSPC235 40.15/8.9 
30 LACTB protein   36.49/8.7 
31 atopy related autoantigen 35.98/7.2 
32 MSTP003   38.21/8.0 
35 unnamed protein product 39.90/8.3 
36 transcription elongation factor A-like 4 40.58/7.0 
40 LOC493860 protein   45.48/5.4 
43 HNRPM protein 44.44/8.7 
44    ZNFN1A1 protein 52.71/5.9 
45 LRRFIP1 protein 58.24/4.8 
46 LOC90379 protein 57.89/5.2 
47 caspase 10 54.52/6.6 
52 chronic myelogeneous leukemia tumor antigen 63.52/5.0 
53 aldehyde dehydrogenase 51.84/7.6 
57 KIAA1389 protein 61.28/8.6 
63 heat shock protein 60 61.06/5.7 
70 acyl-CoA oxidase 3   77.55/7.3 
72 heat shock protein 70 kDa 73.68/5.9 
73 glucose-regulated protein, 78 kDa 72.33/5.1 
 
DISCUSSION 

In this study, we have successfully identified 27 candidate antigens that may be involved 
in HBV-related HCC. Some of them, such heat shock protein families, have been 
demonstrated to be associated with HCC. Characterization of these candidate antigens may 
provide insight the carcinogenesis of HCC and improve diagnosis. Confirmations of these 
potential biomarkers are in progress.  
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In this study, we finished most of all the goals we set. We found 27 potential biomarkers 
associated with HCCs. The confirmation of these biomarkers will be finished soon in the near 
future.   

 
 
 
 
 


