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Abstract. The three main complications of hepatitis B virus 
(HBV) infection are chronic active hepatitis (CAH), liver 
cirrhosis, and hepatocellular carcinoma (HCC). The aim of this 
study was to identify differentially expressed serum proteins 
among the three liver complications in patients with HBV 
infection. Differentially expressed proteins have been shown 
to be potential biomarkers for disease diagnosis, prognosis and 
therapy guidance. Two-dimensional polyacrylamid gel electro-
phoresis (2DE) combined with liquid chromatography tandem 
mass spectrometry (LC-MS/MS) was performed on sera from 
CAH, cirrhosis and HCC patients with HBV infection, as well 
as those obtained from healthy individuals. Of 54 differen-
tially expressed (≥1.5-fold and p<0.05) protein spots, 35 spots 
were identified by LC-MS/MS. The identified spots correlated 
to 13 proteins. The proteins included haptoglobolin α-2 and 
β  isoforms, haptoglobin cleaved β isoforms, retinol-binding 
protein, transthyretin, ficolin, leucine-rich-α-2-glycoprotein, 
α-1-antitrypsin and clusterin. Of particular interest is the 
significant increase of haptoglobin α-2 isoforms in HCC 
patients compared to cirrhosis ones. In contrast, a significant 
decrease of the isoforms was noted among cirrhosis patients.

Introduction

Hepatocellular carcinoma (HCC) is the seventh most common 
and third most fatal cancer worldwide (1). More than 50% of 
HCC cases are related to hepatitis B virus (HBV) infection, 
a condition responsible for a wide spectrum of clinical mani-
festations ranging from a healthy carrier state to acute and 
chronic infection. Chronic HBV infection may result in serious 

complications, notably CAH, liver cirrhosis and HCC (2). At 
present, more than 350 million individuals suffer from chronic 
HBV infection worldwide, of which 20% are likely to develop 
cirrhosis and/or HCC. HCC usually occurs in a cirrhotic liver. 
The incidence rate of HCC has been estimated to be 2.5-3% 
in HBV-infected patients with cirrhosis and 0.5-1% in non-
cirrhotic carriers. HCC is up to three times more common in 
males than in females and is especially prevalent in Eastern 
Asia and central Africa due to the high frequency of chronic 
infection with HBV (1). In Iran, the incidence of HCC has yet to 
be clarified. However, 80% of HCC patients are HBV-positive, 
rendering this virus the most common cause of HCC in Iran (3).

Differentially expressed proteins are potential biomarkers 
for disease diagnosis, progression and therapy. Two-dimensional 
polyacrylamid gel electrophoresis (2DE) followed by mass 
spectrometry (MS) have been extensively utilized to uncover 
differentially expressed proteins between different stages 
of disease, as well as those in healthy individuals, in a wide 
variety of biological systems and body fluids (4). Cancer cells 
release a variety of proteins into the extracellular fluids, which 
may contain biological information on processes related to 
tumorigenesis. Some of these products can end up in the blood 
stream and thus serve as potential serum biomarkers (5). In this 
respect, serum has become the sample of choice in the search 
for inexpensive and easily applied cancer biomarkers.

The most fatal complication of HBV infection is 
HCC, which unlike other types of cancer is predictable 
in HBV-infected patients with cirrhosis who are routinely 
screened for the disease. α-fetoprotein (AFP) is the only 
widely used serum HCC biomarker, but has low sensitivity 
for HCC detection at the early stages (4). Putative serum 
biomarkers with potential clinical applications for HCC detec-
tion in general or detection of disease progression to HCC in 
HBV‑infected patients have been reported using proteomics 
technology (6,7). In this regard, among the Chinese population, 
upregulation of serum HSP 27, HSP 90 and haptoglobin was 
reported by Feng et al, Sun et al, and Shu et al, respectively, 
in HCC compared to cirrhosis patients (8-10). C3 and Apo AI 
were also reported by He et al, for identification of liver inflam-
mation in Chinese chronic HBV patients (11). 

It is generally accepted that data obtained from different 
ethnic backgrounds clarify the importance of currently  
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identified biomarkers in particular demographic contexts, infor-
mation that may be fundamental for establishing widespread use 
of biomarkers. No studies investigating differentially expressed 
proteins among CAH, liver cirrhosis and HCC in Iranian patients 
with HBV infection are currently available. Accordingly, the 
aim of the current study was to identify differentially expressed 
proteins among the three stages of HBV infection. 

Materials and methods

Subjects. Patients (n=21) were recruited from the Gastro-
entrohepatology and Liver Transplant Research Centers at the 
Namazi Hospital in Shiraz, Iran, between September 2007 and 
April 2009. All 21 patients were HBV positive; 7 patients had 
CAH, 7 had cirrhosis and 7 had HCC. Patient diseases were 
confirmed by biochemical, virological, imaging and patho- 
logical examinations. The clinical and laboratory characteris-
tics of the 7 HCC patients are shown in Table I. Seven healthy 
individuals with no history of liver disease, HBV laboratory 
signals, malignancy or recent or chronic infectious disease 
were also included in this study. These individuals were of 
the same age as the patients and resided in the same region 
(Table II). The study was approved by the Ethics Committee 
of Shiraz University of Medical Sciences and written informed 
consent was obtained from each participant prior to sampling.

Serum samples. A blood sample of 5 ml was drawn from each 
participant and allowed to clot for 2 h. Blood samples were then 
spun at 3000 rpm for 10 min and serum was separated, aliquoted 
and stored at -70˚C until required for testing. To increase serum 
protein resolution, high-abundant proteins such as albumin and 

immunoglobulin G (IgG), were depleted from 60 µl of serum by 
an Arum protein mini-kit (Bio-Rad, Hercules, CA, USA). The 
protein concentration of depleted sera was determined by the 
Bradford protein assay using albumin as the standard.

Two-dimensional polyacrylamid gel electrophoresis (2DE). 
Briefly, approximately 100  µg of proteins were loaded onto 
immobilized pH gradient (IPG) strips, pH 3-10, linear (Bio-
Rad) in the first dimensional isoelectric focusing. Rehydration 
solution contained 8 M urea, 3% CHAPS, 2% IPG buffer, 
pH  3-10, 50 mM dithiothreitol (DTT) and trace amount of 
bromophenol blue. Strips were focused at 80,000 Vh. Focused 
strips were equilibrated and reduced in 10 ml equilibration 
buffer [50 mM Tris pH  8.8, 6 M urea, 30% (w/v) glycerol 
and 2% (w/v) SDS] containing 1% (w/v) DTT for 15 min. 
The strips were then alkylated in another 10 ml equilibration 
buffer containing 2.5% (w/v) iodoacetamide for 15 min. Strips 
were then sealed on top of a 12.5% SDS gel by 0.5% agarose 
gel electrophoresis. 2DE was performed in the Protean II xi 
cell (Bio-Rad). Electrophoresis was run at 10 mA per gel for 
30 min followed by 25 mA per gel until the tracking dye settled 
to the bottom of the gels.

Gels were visualized by a complete protocol of a silver 
staining method for analytical gels. For preparative gels, the 
method was modified to produce the standard protocol compat-
ible with MS analysis (12).

The silver-stained gels were scanned using a GS-800 cali-
brated densitometer (Bio-Rad). To determine the differentially 
expressed proteins the gel images were analyzed by Progenesis 
software (Nonlinear, Newcastle-upon-Tyne, UK) according to 
the manufacturer's instructions. Protein spots whose normalized  

Table II. General characteristics of study groups.

Characteristic	 Healthy	 CAH	 Cirrhosis	 HCC
	 individuals (n=7) 	 patients (n=7)	 patients (n=7)	 patients (n=7)

  Gender (M/F)	 6/1	 5/2	 6/1	 6/1
  Age (years ± SD)	 42 ± 7	 42 ± 8	 40 ± 7	 43 ± 11
  HBsAg	 -	 +	 +	 +
  HBV DNA	 -	 +	 +	 +

CAH, chronic active hepatitis; HCC, hepatocellular carcinoma.

Table I. Clinical and laboratory characteristics of the 7 HCC patients.

No.	 Age	 Gender	 HBeAb/HBeAg	 HBcAb/HCVAb	 AFP	 ALT	 AST	 Cirrhosis	 Child-
									         Pugh class

  1	 32	 M	 +/+	 +/-	 10.2	 55	   67	 +	 B
  2	 53	 M	 +/-	 +/-	 11.4	 134	 163	 -	 B
  3	 44	 F	 +/-	 +/-	 14.1	 107	 146	 -	 A
  4	 53	 M	 +/-	 +/-	 653	 39	 138	 +	 C
  5	 51	 M	 +/+	 +/-	 724	 107	 166	 +	 B
  6	 53	 M	 +/-	 +/-	 96.3	 394	 365	 +	 B
  7	 54	 M	 +/-	 +/-	 1.3	 37	   22	 -	 C

AFP, α-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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volumes were changed >1.5-fold and p<0.05 were removed 
from the gels stained with the MS-compatible method.

In-gel digestion of protein spots. The obtained spots were 
destained with 30 mM potassium ferricyanide and 100 mM 
sodium thiosulfate (1:1 v/v) and then rinsed with ultra-pure 
water. The destained gels were reduced twice in 5 mM DTT 
for 10 min, alkylated in 10 mM iodoacetamide for 40 min 
and dehydrated twice in 100% acetonitrile (ACN) for 30 min. 
Digestion was performed in 10 µg/µl of sequencing grade 
modified trypsin (Promega, Madison, WI, USA) in 50 mM 
amonium bicarbonate, 5 mM DTT and 30% ACN, at 30˚C 
overnight. The resulting peptides were extracted with 50 µl of 
30% ACN, 50 mM ammonium bicarbonate and 5 mM DTT. 
The extracted peptides were lyophilized using a vacuum drier.

LC-MS/MS analysis. Lyophilized samples were resuspended 
in 0.1% formic acid (FA) prior to LC-MS/MS analysis. An 
Agilent 1100 LC/MSD trap XCT was used for HPLC and 

MS/MS. Solutions used were water/0.1% FA and ACN/0.1% 
FA. A trap column (G 1375-87320, 105 mm, 25 µm; Agilent, 
Germany) was connected to a standard column (Zorbax 300 
SB-C18, 3.5  µm, 0.3x75 mm). Peptides (12 µl) were loaded 
on a trapping column and desalted. The elution program was 
2-60% B for 55 min, 80% B for 8 min and re-equlibration 
of 2% B for 10 min, for a total run of 78 min. The MS was  
operated in standard scan mode for MS analysis and in ultra 
scan mode for MS/MS analysis. The MS/MS data were 
analyzed with Spectrum Mill (Agilent) against the SWISS-
PROT database (released May 2010). The filters used after 
database searching were: peptide score 8, peptide SPI >70% 
and protein score 10.

Results

In the present study, 21 HBV-positive patients (7 with CAH, 
7 with cirrhosis and 7 with HCC) and 7 healthy individuals 
were compared reagarding their serum proteomes.

Figure 1. Differentially expressed proteins among sera from (A) healthy individuals, (B) CAH, (C) cirrhosis, and (D) HCC associated with HBV infection are 
labeled on 2D gels. Spot numbers are for cross-reference with Table I and Figs. 2, 3 and 4.

  A   B

  C   D
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Silver staining of 2D gels revealed more than 300 spots in 
each gel. Among the four groups of patients, 54 protein spots 
were differentially expressed (≥1.5-fold and p<0.05). Of these, 
35 spots were identified by MS. Their positions in the gels 
are shown in Fig. 1. Table III indicates the molecular mass 
(Mr), pI and accession numbers of the identified proteins. The 
identified spots corresponded to 13 proteins. The proteins HP 
(15 spots), clusterin (CLU) (4 spots), α-1-antitrypsin (AAT) 
(2 spots), ficolin 3, transthyretin (TTR) (2 spots), complement 
C3 and C4-B, Ig κ chain, Ig J chain (3 spots), retinol binding 
protein (RBP) (2 spots), hemoglobin (Hb)-δ, Hb-β and Zinc-α-
2-glycoprotein (2  spots) were differentially expressed among 
the groups studied (Table III).

In our study, 15 spots were identified as different isoforms 
of HP. Three of these were HP-α, HP-β and cleaved β chain. 
HP-α chain spots were significantly decreased (p<0.05 and 
>2-fold) between CAH and cirrhosis stages, but conversely 
increased (p<0.05 and >2-fold) in HCC patients (Fig. 2). 
HP-β chain spots, although significantly decreased (p<0.05 
and >2-fold) in cirrhosis compared to CAH stages, were not 
significantly increased in HCC patients (only spot Nos. 2 and 5 
increased 1.5- and 1.7-fold, respectively). In addition to HP α-2 
chains, ficolin, AAT and CLU were differentially expressed 
(>2-fold) between HBV-HCC and cirrhosis patients (Fig. 3). A 
differential expression (>2-fold) of Ig J chain, RBP and TTR 
between CAH and cirrhosis cases was also found (Fig. 4).

Discussion

The 2DE technique has been used for protein separation even 
in the light of recent developments in off-gel approaches. It 
remains particularly useful for highlighting post-translational 
modifications. Genomic and proteomic studies showed certain 
patterns of specificities among HCCs with different etiologies 
(13,14). To minimize multifactorial interference in patient 
groups, our study was limited to patients infected with HBV. 
Using 2DE-LC-MS/MS, the serum proteomes of healthy 
individuals and HBV-related CAH, cirrhosis and HCC patients 
were compared. Results showed that differentially expressed 
proteins between different stages of a disease are promising 
diagnostic, prognostic and therapeutic biomarkers.

Isoforms of HP were markedly differentially expressed 
protein spots. HP is involved in Hb scavenging, inflammatory 
responses, immune suppression and angiogenesis (15). HP is 
mainly produced and secreted by liver cells, and partly by intes-
tinal, seminiferous and endometrial epithelia (16). Moreover, 
it has been reported that HP is produced by cancer cells such 
as malignant ovarian epithelium, renal cell carcinoma and 
HCC cells (17). Increased serum HP is frequently reported 
in cancer, and is thought to be a marker of inflammation and 
tissue damage, mainly triggered by interleukins such as IL-6 
and TNF-α (15). Mounting evidence supports the use of serum 
HP (either its level or modifications) as a biomarker for cancer 
diagnosis irrespective of cancer type. HP has also been used 
to study various liver diseases, including HBV and HCC. Both 
the amount and oligosaccharide moiety of HP change in liver 
diseases. It has been reported that the HP serum level changes 
significantly in cirrhosis and HCC patients. In their study, Ang 
et al showed alterations of specific HP glycoform sialylation 
and fucosylation in the sera of HCC patients and suggested 

that HPs with different degrees of glycosylation are produced 
by HCC tissue, whereas other HP glycoforms are produced by 
normal host bodies (17).

HP molecules contain two types of polypeptide chains, 
β (heavy, 40 kDa) and α (light, α -1, 8.9 kDa or α -2, 16 kDa), 
resulting in three HP phenotypes, HP1-1, HP 2-1 and HP 
2-2 (18). These phenotypes are correlated to susceptibility to 
various diseases ranging from heart and infectious diseases to 
cancer. The HP serum level varies among different phenotypes, 
since the lowest amount is present in HP 2-2 and the highest in 
HP 1-1 patients (18). Notably, evidence reveals specific profiles 
of HP-α chain in sera from breast, ovary and head and neck 
cancers (15,17,19). Our findings showed that three spots of 
HP α-2 chain were upregulated in HCC patients compared to 
cirrhosis patients (Fig. 2). Although the cause and consequence 
of this elevation in HCC is not clear, these isoforms may have a 
unique biological function and their occurrence may be related 
to an alteration of unknown intracellular processes. Elevated 
serum levels of dissociated fragments of HP in HCC, such as 
HP α-2 chain, were considered to be a factor inhibiting the 
native HP-Hb complex and affecting the immune cellular 
response through its potent immunosuppressant activity (17,20). 
Numerous studies (11,21) are available regarding the increased 
expression of intact HP in HCC compared to cirrhosis patients. 
However, in the case of HP α-2 chain, Shu et al recently 
reported an association between HP α-2 chain and HCC (10).

In contrast to the upregulation of HP α-2 spots in HCC 
compared to cirrhosis, these spots, together with HP-β spots 
(intact HP), were significantly decreased in cirrhosis patients 
compared to those with CAH. In concordance with our data, 
decreased expression of HP has been reported in HBV- and 
HCV-related liver cirrhosis (11,22). A negative correlation of 
HP with the progression of liver fibrosis has been shown, which 
may be due to the destruction of parenchyma in cirrhotic livers. 
As observed in experimental fibrosis, an increased expression 
of hepatocyte growth factor may account for the unexpected 
decrease in TGF-β reduction, resulting in a decrease in HP 
(23). It has been reported that HP level is altered in CAH 
patients compared to healthy individuals, a finding that is also 
in agreement with our data (Fig. 2) (11).

Other overexpressed spots, of more than 2-fold, in HCC 
compared to cirrhosis were ficolin, CLU and AAT (Fig.  3). 
CLU is a glycoprotein involved in numerous biological 
processes, such as cell death and proliferation (24). In HCC, 
CLU may play a significant role in tumorigenesis, progression 
and metastasis (25). Increased serum levels of CLU have been 
reported in lung cancer, breast cancer, ovarian cancer and HCC 
(8,24,26-28). Ficolin belongs to the serum lectins and plays a 
crucial role in innate immunity. Moreover, ficolin specifically 
binds to apoptotic cells and is involved in the clearance of 
apoptotic cells (29). The serum level of this protein has been 
reported to be increased in lung cancer (26), ovarian cancer 
(30) and melanoma (31) patients. Elevated levels of this protein 
in our case series have been reported for the first time in 
HBV-associated HCC patients. AAT is a powerful inhibitor of 
apoptosis and caspase activation and protects normal tissues 
during periods of stress, such as inflammation, by inhibiting a 
number of the proteases that are released from dead cells (32). 
On the other hand, deficiency of AAT activity has been closely 
associated with liver diseases (33). Considering that AAT is a 
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Figure 4. Comparison of average normalized volumes of transthyretin (spot No. 21), Ig J chain (spot Nos. 24-26) and retinol binding protein (spot Nos. 28 
and 29) among healthy individuals, and CAH, cirrhosis and HCC patients. These spots were significantly different (>2-fold) between chronic and cirrhosis 
patients. **p<0.01 and ***p<0.001, respectively.

Figure 2. Comparison of average normalized volumes of haptoglobin α-2 (spot Nos. 30-32), β (spot Nos. 1-7) and cleaved-β chain (spot Nos. 11-15) spots 
among healthy individuals, and CAH, cirrhosis and HCC patients. Only spots corresponding to HP α chain were significantly increased (p<0.01 and >2-fold) 
in the HCC group as compared to cirrhosis patients but HP α chain spots and certain spots of HP β chain including spot Nos. 1, 5, 6, 7, 11, 12, 13 were  
significantly decreased (p<0.05 and >2-fold) in cirrhosis compared to CAH. ***p<0.001.

Figure 3. Comparison of average normalized volumes of clusterin (spot Nos. 17-19), α-1 antitrypsin (spot No. 20) and ficolin (spot No. 22) among healthy 
individuals, and CAH, cirrhosis and HCC patients. **p<0.01 and ***p<0.001, respectively.
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single chain protein of 394 amino acids with a molecular mass 
of 52 kDa, the identified protein in our samples contained only 
amino acid sequences of the N-terminus region of the mole-
cule and shows a lower Mr (33 kDa), leading to the conclusion 
that this protein may be an N-terminal fragment resulting from 
a specific cleavage pathway (34). An increased expression of 
the AAT fragment has been reported in human cancers of the 
pancreas, lung, prostate, breast and liver (11,17,26).

In this study, a differential expression (>2-fold) of RBP, 
TTR, CLU and Ig J chain between CAH and cirrhosis stage 
was also found (Fig. 4). These molecules may be useful as 
biomarkers for follow-up of the disease progression from 
CAH to cirrhosis. Further studies are required to clarify the 
molecular mechanism involved in these changes.

In conclusion, this study has compared, for the first time, 
the proteomic profiling of sera from cirrhotic, CAH and HCC 
patients related to HBV in Iran. Some of our identified proteins 
were previously known to be differentially expressed at partic-
ular stages of liver diseases among other populations, while 
other findings were novel. Further studies are required to clarify 
the significance of these molecules as biomarkers for different 
stages of HBV infection.
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