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Abstract

Liver fibrosis is a serious disease that affects around 350–400 million people worldwide.
The main approach for fibrosis staging is liver biopsy, which is an invasive procedure
that is not endured pretty well by patients. Currently, some serum-based biomarker
panels are available for diagnosis and staging of liver fibrosis. Recent high-throughput
proteomic studies are also very promising for identification of novel biomarkers for
diagnosis  and/or  treatment  of  liver  fibrosis.  We  hereby  review  the  application  of
proteomic profiling studies for identification of fibrosis biomarkers with their advan-
tages and drawbacks.
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1. Liver fibrosis

Liver fibrosis results from chronic damage to the liver and causes accumulation of excessive
matrix or scar. This scar tissue may inhibit blood flow due to the contraction of liver that results
progressive liver damage and cirrhosis (the most advanced stage of liver fibrosis) or even
hepatocellular carcinoma (HCC) [1]. Liver fibrosis is prominently observed in chronic liver
diseases  such as  viral  hepatitis,  alcoholic  steatohepatitis,  nonalcoholic  fatty liver  disease
(NAFLD), toxic liver injury, auto-immune diseases, and some genetic diseases [2]. From these
chronic liver diseases, chronic hepatitis B (CHB) and chronic hepatitis C are major global health
problems, and despite national vaccination programs, around 350–400 million people are
infected with hepatitis B virus (HBV) and 130–150 million people are infected with hepatitis C
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virus (HCV) worldwide [3, 4]. Chronic HBV (CHB) infection results in liver fibrosis that can
further develop into cirrhosis or HCC, both being the major causes of liver-related death [5].
The annual incidence of cirrhosis in patients infected with HBV has been evaluated at 1.3–2.4%
[6], and although the cumulative 5-year-old survival rate for patients with compensated cirrhosis
is 84% [7], in patients with decompensated cirrhosis, this survival rate decreases to 14–35% [7, 8].

Regeneration of liver is an extremely complex process, but recent studies in human and animal
models have indicated that liver fibrosis could be reversible in specific cases [9, 10]. It is hoped
that deeper understanding of the etiology of liver fibrosis will contribute to improved diag-
nostic tools and potential therapeutic approaches for liver fibrosis and cirrhosis. Even though
curing the underlying disease may reverse fibrosis progression, currently, the most effective
treatment that prolongs survival in advanced cirrhotic patients is liver transplantation [11].
However, this approach is limited because of the shortages of organs, the presence of concur-
rent disease affecting other tissues, and recurrence of the original disease in transplant
patients [12]. Despite the advancement in noninvasive tests, liver biopsy still remains as the
gold standard test for evaluation of liver disease severity [13–16]. However, it has several
disadvantages such as invasive character, sampling errors and limitations for effective
surveillance, and follow-up [17–19]. Upon antiviral treatment, HCV-infected patients may
clear HCV RNA from their bloodstream [5]. For the treatment of CHB, current therapies do
not accomplish complete eradication of HBV infection. HBV remains in infected hepatocytes
in the form of covalently closed circular DNA (cccDNA) even if the patient clears HBsAg, and
this cccDNA can possibly be reactivated with the right stimulus [20]. Hence, the therapeutic
strategy for CHB is to prevent liver fibrosis and the other complications of advanced liver
disease that can further develop cirrhosis and HCC. Therefore, recent studies focus on the
search of biomarkers for noninvasive diagnosis and staging of liver fibrosis and for discovery
of new therapeutic targets to prevent HBV-related liver fibrosis.

Proteomics, which studies the complex protein mixtures in a biological system, is a valuable
tool to investigate cellular pathways, protein–protein interactions, and identify target pro-
teins [21]. No requirement of a priori knowledge of protein identities present in a biological
system makes proteomic profiling an ideal tool for screening the most discerning set of
biomarkers [22].

In this review, we will focus on the advances in the proteomic research concerning liver fibrosis
and evaluate whether proteomic profiling studies are applicable in the search of protein
biomarkers and/or therapeutic targets for this condition with a focus on HBV and HCV
infection.

2. Pathogenesis and staging of liver fibrosis

Hepatic fibrosis develops as a result of wound healing response of the liver to chronic injury
in conjunction with the deposition of extracellular matrix (ECM) proteins [23]. Deposition of
ECM proteins forms a fibrous scar that alters hepatic architecture, and subsequent formation
of nodules of regenerating hepatocytes results in cirrhosis [24]. After an acute liver damage
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(e.g., HBV and HCV infection), parenchymal cells regenerate and substitute the necrotic and
apoptotic cells. This process is accompanied with an inflammatory response and minor
accumulation of ECM. Following persistent damage, eventually liver regeneration declines,
and hepatocytes are replaced with abundant ECM, including fibrillar collagen. Origin of liver
injury determines the distribution of this fibrous material. While in chronic hepatitis and
chronic cholestatic disorders, the localization of fibrotic tissue is around portal tracts, in
alcohol-induced liver diseases, its localization is in pericentral and perisinusoidal areas [25].

In the fibrotic liver, the main ECM-producing cells are hepatic stellate cells (HSCs) [26]. In the
healthy liver, HSCs are found in the space of Disse and act as the major repository sites of
vitamin A. Following sustained injury, HSCs activate or transdifferentiate into myofibroblast-
like cells that have contractile, proinflammatory, and fibrogenic characteristics [27, 28].
Activated HSCs, which migrate and accumulate at the wound repair locations, secrete bulk
amounts of ECM and mediate ECM degradation [29].

Some other hepatic cells, besides HSCs, may show fibrogenic properties. One of them is
myofibroblasts derived from small portal vessels which reproduce around biliary tracts in
cholestatis-induced liver fibrosis to induce collagen accumulation [30, 31]. The origin of the
liver injury may determine the relative significance of each cell type in liver fibrogenesis. For
instance, while HSCs exert the main fibrogenic activity in alcohol-induced liver fibrosis, portal
myofibroblasts may be the most crucial fibrogenic cell types in viral hepatitis or chronic
cholestatic disorders [1]. Thus, origin of liver injury may determine the molecular pathway
differentiation in the formation of each liver disease, affecting the final proteomic outcome.

During fibrosis development, a complex interaction occurs between different hepatic cell
types [32]. Most of the hepatoxic agents such as hepatitis viruses, alcohol metabolites, and bile
acids target hepatocytes [33]. Injured hepatocytes secrete reactive oxygen species (ROS) and
fibrogenic mediators, which triggers the activation of lymphocytes by inflammatory cells.
Apoptosis of these injured hepatocytes further induces the fibrogenic actions of liver myofi-
broblasts [34]. Inflammatory cells such as lymphocytes and polymorphonuclear cells stimulate
HSCs for collagen synthesis [35]. Activated HSCs also release inflammatory chemocines,
secrete cell adhesion molecules, and mediate activation of lymphocytes [36]. Thus, a fierce cycle
in which inflammatory and fibrogenic cells induce each other likely appears [37]. Kupffer cells,
which are the local macrophages of liver, also greatly participate in liver inflammation by
secreting ROS and cytokines [38, 39]. In conclusion, fibrogenesis is directly activated by
alterations in the ECM composition and this altered ECM can serve as a repository for MMPs,
growth factors, and inflammatory cytokines [1, 40].

Fibrosis progression is generally evaluated by two different accepted scoring systems: Ishak
(modified Knodell score) and METAVIR scores. While in METAVIR, only interface hepatitis
and lobular necrosis are used to determine the grade of activity, in Ishak, portal infiltrate and
confluent necrosis are included with the two previous parameters [41]. Generally, fibrosis
begins to develop as expansion of portal tracts occurring with interface hepatitis. As fibrosis
advances, portal-portal linkage develops in conjunction with septa formation. At the end,
fibrous tissue completely surrounds hepatocyte nodules. While complete cirrhosis develops
generally in several years in some circumstances such as in the case of viral hepatitis, following
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liver transplantation cirrhosis may develop much more rapidly. Parenchymal fibrosis can also
be observed in the presence of lobular inflammation, especially in areas of bridging necrosis
[42]. This may be the cause of portal-central septa formation, which has been considered as
more crucial process in the development of cirrhosis than portal-portal linkages [43]. In the
terminology of liver fibrosis, septa indicate expansion of portal tract edges without formation
of bridges or actual connection between portal areas or portal area and central vein. On the
other hand, the term bridge is used to assess actual fibrous connection between two portal
areas or portal area and central vein [44]. It is important to consider these mentioned staging
systems in a descriptive sense that a patient with stage 2 fibrosis cannot be assumed to have
sustained twice as much liver damage as one with stage 1 fibrosis, nor half as much as one
with stage 4 fibrosis because numerical stages are not evenly distributed along the progression
of fibrosis, and also transition from one stage to the next one is not linear. Nonetheless,
pathologists’ interobserver agreement in fibrosis staging among one stage is approximately
90% [45, 46].

3. Biomarkers of liver fibrosis

An optimal biomarker of liver fibrosis would not get affected by functional distress in liver or
kidneys and only be specific to liver, also be easily observed with simple, inexpensive, and
noninvasive assays [13]. Liver enzymes that are routinely measured in serum such as alanine
transaminase (ALT) and aspartate transaminase (AST) are not suitable biomarkers of liver
fibrosis as they have poor correlation with liver fibrosis. Studies demonstrated that 20% of the
biopsy-proven cirrhotic patients’ ALT levels are in normal range [47]. Unfortunately, canonical
markers of liver synthetic dysfunction [e.g., albumin, platelet count (PLT), prothrombin time
(PT)] are shown to be unsuccessful in the detection of early fibrotic stages [48]. Currently, novel
serum proteins have been observed with altered expression in progressing liver fibrosis such
as apolipoprotein A1 (ApoA1), serum transferrin, and alpha 2 macroglobulin [49–51]. Bio-
marker panels that incorporate combination of these individual markers are also applicable
for improved accuracy of fibrotic stage assessment [46]. The most currently used biomarker
panels are AST to platelet ratio index [52], FibroTest that includes apolipoprotein A1 (ApoA1),
haptoglobin (HPT), gamma-glutamyl transpeptidase (γGT), γ-globin, total bilirubin, and
alanine aminotransferase as biomarkers [53], and FibroIndex that combines PLT, AST, and
γGT [54]. These noninvasive biomarker panels have shown to achieve good negative predictive
scores in patients with low fibrosis stages and good positive predictive scores in those with
advanced stages. However, intermediate fibrotic stages are not successfully interpreted by
these combined biomarkers [53]. Unfortunately, this setback limits the use of current available
biomarker panels for routine clinical assessments of liver fibrosis [55].

4. Current proteomic profiling methodologies

Proteomics, which is a swiftly developing area, is currently preferred in discovery of novel
disease biomarkers due to its potential to surpass the drawbacks of traditional screening
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methods. The first step of the proteomic biomarker screening research is to separate and profile
whole proteome of the biological fluid (e.g., serum, whole blood, saliva) or tissue of interest.
Then, protein profile of the diseased sample is compared with a relevant control to identify
the differentially expressed proteins related to that disease. Several different techniques based
on in-gel separation and/or mass spectrometry are currently used for protein separation.

Mass spectrometry (MS) is the common technique in proteomic profiling methodologies. The
basic concept of mass spectrometry is to evaluate the mass-to-charge (m/z) ratio for determi-
nation of the exact mass of the protein. The components of a mass spectrometry are an ion
source, a mass analyzer, and a mass detector. Ionization of proteins is done either with matrix-
assisted laser desorption/ionization (MALDI) or electrospray ionization (ESI). Following
ionization, proteins pass through one or two mass analyzers that measure their m/z ratio (MS
or versus tandem MS/MS). Time-of-flight (TOF) that measures the time spent by the protein
through the vacuum tube in an electric field can be coupled with one or two quadrupoles (Q-
TOF or Q-Q-TOF) with oscillating electric field that enables molecules with specific m/z ratios
to travel without collision [56, 57].

4.1. Two-dimensional gel electrophoresis (2D-PAGE)

The 2D-PAGE technique separates protein according to two independent parameters, isoelec-
tric point and molecular weight, and therefore provides the best resolution possible in protein
separation currently [58, 59]. Following staining and digitalization with specific softwares,
protein quantitation is performed by evaluation of spot intensities. 2D-PAGE also enables
detection of posttranslational modifications, such as phosphorylation, or presence of different
protein isoforms due to the emerging shifts in protein mass or isoelectric point [46]. In addition,
two-dimensional difference gel electrophoresis (2D-DIGE) presents various advances includ-
ing reproducibility, detection sensitivity, and credibility of analysis [60–62]. In 2D-DIGE,
different samples are labeled with charge- and mass-matched fluorescent cyanine dyes, Cy3
and Cy5. The internal standard prepared by mixing equal amounts of all samples is labeled
by Cy2. The Cy3 and Cy5 labeled samples and Cy2 labeled internal standard are then mixed
and co-separated on the same 2-DE gel, providing accurate spot detection and intra-gel
matching with reduced experimental variations. Running internal standard within all gels also
improves gel-to-gel spot matching and enables for statistically strong comparisons between
protein samples [63]. At the end, protein spots cut from 2D gels were identified by mass
spectrometry [64].

4.2. Liquid chromatography coupled mass spectrometry (LC-MS)

Gel-based techniques such as 2D-PAGE are not very successful and reliable for profiling of
small (>10 kDa) or hydrophobic proteins; besides, the evaluation of large numbers of samples
is time-consuming and expensive. LC-MS, which couples a prefractionation stage with
different types of mass spectrometry, is a relatively new gel-free proteomic methodology for
proteomic profiling. One of the highly used MS methods is MALDI-TOF. In this technique,
first, protein mixtures are fractionated by their physicochemical characteristics such as
hydrophobicity or isoelectric point by liquid chromatography. Then, bound proteins are
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vaporized and ionized by a laser. Finally, peptide mass is computed from the time spend to
reach the detector (“time-of-flight”). Another frequently applied method is LC-MS/MS which
efficiently profiles large numbers of samples with the analysis of extremely small volume
samples (i.e., <75 µl) by evaluating proteins with masses ranging from 2 to 200 kDa with
tremendous efficiency and reasonable reproducibility [65]. In addition, SELDI-TOF MS, which
couples a prefractination stage with MALDI-TOF, is currently used for proteomic profiling
studies. In SELDI, protein mixtures that selectively bind to an array with a specified charac-
teristic are analyzed. This methodology requires very low amount of crude sample, such as
serum or needle biopsy samples, and it is very efficient in analysis of low molecular weight
proteins. Considering the minimal labor required for SELDI application, this technique is very
useful for high-throughput screening. However, higher cost of SELDI still limits its large
clinical scale usage [66–68].

5. Proteomic profiling studies in search of biomarkers for liver fibrosis

Proteomic studies on liver fibrosis mainly focus on cirrhosis and HCC, which are the very end
and morbid stage of liver fibrosis. One of the earlier studies has compared tumor tissue and
surrounding nontumor tissue from eight HCC patients and has showed overexpression of
14-3-3γ protein in HCC [69]. Another study has investigated the proteomic differences between
tumor and adjacent nontumor tissue samples of 12 HBV-associated HCC patients and has
found out upregulation of members of the heat shock protein 70 and 90 families and down-
regulation of metabolism-associated mitochondrial and peroxisomal proteins in HCC [70]. A
recent study has analyzed sera of 40 HCC patients and 47 healthy controls and has discovered
leucine-rich α2-glycoprotein (LRG) and haptoglobin (HPT) between HCV- and HBV-related
HCC [71]. Molleken and Sitek (72) also have analyzed cirrhotic septa and liver parenchyma of
seven cirrhotic patients and discovered an increase in cell structure-associated proteins, which
are actin, prolyl 4-hydroxylase, tropomyosin, calponin, transgelin, and human microfibril-
associated protein 4 (MFAP-4). However, all these studies investigate the alterations occurring
at the very end stage of fibrosis and did not give information about the proteomic changes
during fibrosis progression.

To identify therapeutic targets and their involved pathways in fibrosis, the proteomic
changes between different fibrotic stages should be investigated. There are several studies
that focus on proteomic changes between different fibrotic stages. One of these studies has
investigated serum protein profiles of HCV-infected patients and has showed that Mac-2-
binding protein, α-2-macroglobin, and hemopexin were increased in cirrhosis, and α-1-anti-
trypsin, LRG, and fetuin-A (also named as alpha-2-HS-glycoprotein) were decreased in
cirrhosis [73]. A recent research, which has enrolled sera of 16 healthy controls and 45 HCV
patients with different fibrotic stages graded due to METAVIR, has found out that α-2-mac-
roglobin (A2M) was increased, while vitamin D-binding protein (VDBP) and apolipoprotein
A1 (ApoA1) were decreased in late fibrosis [51]. One of the studies examining serum sam-
ples of seven healthy controls and 27 HBV-infected patients with different stages of fibrosis
has shown that fibrinogen, collagen, A2M, hemopexin, α-1-antitrypsin, transthyretin, and
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thiredoxin peroxidase were upregulated, while HPT, serotransferrin, CD5 antigen-like pro-
tein, clusterin, ApoA1, and LRG were downregulated along with fibrogenesis [74]. A recent
study has analyzed sera of 19 CHB, six HBV-related cirrhotic patients, and five healthy con-
trols and observed increased plasma myeloperoxidase levels in cirrhotic patients and de-
creased transthyretin, ceruloplasmin, and α-1-antitrypsin levels in both CHB- and HBV-
related cirrhosis patients and downregulation of ApoA1 in HBV-related cirrhosis [75]. These
studies about liver fibrosis have revealed the proteomic changes of serum samples through-
out fibrogenesis. There are few studies that investigated proteomic changes in HCV-associ-
ated fibrogenesis. Diamond et al. demonstrated the effect of oxidative stress proteins to
fibrosis progression in biopsy samples of HCV-infected patients [76]. The same group re-
cently analyzed proteomic mechanisms of HCV-mediated liver fibrosis in posttransplant re-
cipients by LC-MS (liquid chromatography coupled mass spectrometry) and demonstrated
once again the important role of enhanced oxidative stress in the rapid fibrosis progression
observed in HCV-infected liver transplant patients [77]. Ferrin et al. studied liver biopsies of
HCV-infected alcoholic patients with cirrhosis for altered proteins in the progression of
HCC and observed deregulation of ceruloplasmin (CP), paraoxanase (PON1), complement
component 4a (CD4a), and fibrinogen-α (FGA) expression [78]. Another study investigated
the differences in the protein profiles between liver samples from HBV-infected transgenic
mouse and nontransgenic mouse and demonstrated increased aldehyde dehydrogenase 2
(ALDH2), protein disulfide isomerase precursor (PRDX1), actin, 78 kDa glucose-regulated
protein (GRP78), tumor rejection antigen (GRP94), keratin 18 (KRT18), and decreased gluta-
mate dehydrogenease 1 (GLUD1) and high mobility group 1 (HMGB1) protein levels [79].
An extensive list of potential biomarkers emerging from these studies is listed in Table 1.

Currently, studies also focused on understanding whether proteomic alterations may predict
the treatment response in chronic hepatitis C. Hence, the effect of pegylated interferon
(PegIFN) plus ribavirin (RBV) therapy, which is the common HCV treatment, may be under-
stood better. When the serum samples from patients with chronic hepatitis C were subjected
to metabolomics analysis to investigate the pretreatment and posttreatment characteristics of
their metabolites by using capillary electrophoresis and liquid chromatography coupled mass
spectrometry, tryptophan has been found to be associated with response to PegIFN/RBV
therapy [82]. Moreover, identification of factors that predict virological response to antiviral
therapy may improve treatment response through patient-specific treatment strategy. Recent
studies revealed significant variances in proteome profiles throughout longitudinal serum
samples in virological responders, in patients with mild fibrosis, and in those with mild
necroinflammation [83]. In the current phase 2 studies (PROVE1, PROVE2, and PROVE3) of
the direct-acting antiviral drug telaprevir, serum samples from responders and nonresponders
to HCV treatment were analyzed by proteomic profiling and 15 differentially expressed
proteins, with seven of them belonging to focal adhesion proteins or other macromolecular
assemblies that constitute structural links between integrins and the actin cytoskeleton, were
observed [84]. The ultimate goal of performing pretreatment serum proteome profiling prior
to treatment is to predict sustained virological response (SVR) and nonresponse (NR) to
antiviral drugs in chronic HCV infection and design suitable treatments for each patient.
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Protein Proteomic Analysis Sample Disease Positive or
Nagative Markera

Reference

5’-3’ exoribonuclease 1 LC-MS Liver biopsy HCV + [77]

78 kDa glucose regulated protein,
GRP78

2D-DIGE Mouse liver tissue HBV + [79]

A-1-antitrypsin 2D-PAGE Serum HCV - [73]

2D-DIGE Serum HBV + [74]

Actin 2D-PAGE Liver tissue HCV + [72]

2D-DIGE Mouse liver tissue HBV + [79]

Aldehyde dehydrogenase 2 2D-DIGE Mouse liver tissue HBV + [79]

Apolipoprotein A1 2D-PAGE Serum CHB - [75]

2D-DIGE Serum HBV - [74]

2D-DIGE Serum HCV - [51]

Aryl sulfotransferase 1A3 LC-MS Liver biopsy HCV + [77]

Bone martr stromal cell antigen 2 LC-MS Liver biopsy HCV + [77]

Calponin LC-MS Liver biopsy HCV + [80]

2D-PAGE liver tissue HCV + [72]

Carboxymethylenebutenolisade
homologue

LC-MS Liver biopsy HCV - [77]

CD44 antigen LC-MS Liver biopsy HCV + [77]

CD5 antigen like protein 2D-DIGE Serum HBV - [74]

Ceruloplasmin 2D-DIGE Serum HCV + [78]

Clusterin 2D-DIGE Serum HBV - [74]

Collagen 2D-DIGE Serum HBV + [74]

LC-MS Liver biopsy HCV + [80]

Complement component 4a 2D-DIGE Serum HCV + [78]

Cystathione beta synthase LC-MS Liver biopsy HCV - [77]

Cysteine and glycine rich protein 2LC-MS Liver biopsy HCV + [80]

Cytochrome b-245 beta LC-MS Liver biopsy HCV + [77]

Cytochrome c LC-MS Liver biopsy HCV + [76]

Fetuin A 2D-PAGE Serum HCV - [73]

Fibrinogen 2D-DIGE Serum HCV + [78]

2D-DIGE Serum HBV + [74]

Fibulin-5 LC-MS Liver biopsy HCV + [80]

FK506 binding protein 14 LC-MS Liver biopsy HCV - [77]

Gelsolin 2D-PAGE Serum HBV - [81]

Glutamate dehydrogenase 1 2D-DIGE Mouse liver tissue HBV - [79]

Gluthatione-S-transferases LC-MS Liver biopsy HCV - [77]

Haptoglobin 2D-PAGE Serum HCV - [73]

2D-DIGE Serum HBV - [74]

Hemopexin 2D-PAGE Serum HCV + [73]

2D-DIGE Serum HBV + [74]

High mobility group 1 2D-DIGE Mouse liver tissue HBV - [79]
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Protein Proteomic Analysis Sample Disease Positive or
Nagative Markera

Reference

Human leukocyte antigen class 2
antigen DR beta 1

LC-MS Liver biopsy HCV + [77]

Human leukocyte antigen class I
antigen C

LC-MS Liver biopsy HCV + [77]

Keratin 18 2D-DIGE Mouse liver tissue HBV + [79]

Leucine-rich α-2-glycoprotein 2D-PAGE Serum HCV - [73]

2D-DIGE Serum HBV - [74]

Leukotriene LC-MS Liver biopsy HCV + [77]

Lumican LC-MS Liver biopsy HCV + [80]

Mac-2-binding protein 2D-PAGE Serum HCV + [73]

Macroglobin 2D-PAGE Serum HCV + [73]

2D-DIGE Serum HBV + [74]

2D-DIGE serum HCV + [51]

Microfibril-associated
glycoprotein 4

LC-MS Liver biopsy HCV + [80]

2D-PAGE liver tissue HCV + [72]

Paraoxanase 1 2D-DIGE Serum HCV + [78]

Peroxiredoxin 1 2D-DIGE Mouse liver tissue HBV + [79]

Peroxiredoxin 2 2D-DIGE Serum HBV - [74]

Peroxiredoxin 5 LC-MS Liver biopsy HCV +/- [76]

Plasma myeloperoxidase 2D-PAGE Serum CHB + [75]

Prealbumin 2D-DIGE Serum HBV + [74]

Pre-angiotensionogen LC-MS Liver biopsy HCV +/- [77]

Prolyl 4-hydroxylase 2D-PAGE liver tissue HCV + [72]

Protein disulfide isomerase
precursor

2D-DIGE Mouse liver tissue HBV + [79]

Proteosome beta subunit type 4 LC-MS Liver biopsy HCV + [77]

Retinal dehydrogenase LC-MS Liver biopsy HCV +/- [76]

Serotransferrin 2D-DIGE Serum HBV - [74]

Serum amyloid A1 LC-MS Liver biopsy HCV +/- [77]

Superoxide dismutase 1 LC-MS Liver biopsy HCV - [77]

Thioredoxin reductase 1 LC-MS Liver biopsy HCV + [77]

Transgelin LC-MS Liver biopsy HCV + [80]

2D-PAGE liver tissue HCV + [72]

Tropomyosin 2D-PAGE liver tissue HCV + [72]

Tumor rejection antigen, GRP94 2D-DIGE Mouse liver tissue HBV + [79]

Vitamin D binding protein 2D-DIGE serum HCV - [51]

a Proteins up- (+) or downregulated (S) in liver fibrosis, as detected in proteomic studies.
b When multiple comparisons have been performed between individual fibrosis stages certain proteins might have
been reported as positive and negative markers.

Table 1. Candidate biomarkers of liver fibrosis identified from proteomic studies.
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6. Limitations of proteomics

Proteomics have been shown as a promising tool in the evaluation of the molecular insights
of liver fibrosis and in complementing previously known fibrosis biomarkers. Proteomic
research is prone to unexpected and sometimes unpredictable biases [85]. Especially in analysis
with multiple testing, extensive care should be given to assure that alterations observed are
biologically significant and associated with the target disease [86]. Moreover, the unstable
nature of biological samples makes them prone to degradation and alteration during sample
processing [87]. Low-abundant proteins such as some stress expressed proteins and transcrip-
tion factors are quite hard to be detected by proteomic screening.

Over 90% of the total serum protein concentration is constituted by some abundant proteins
such as albumin and immunoglobins. Therefore, these abundant proteins may prevent
detection of low-abundant proteins [88]. Depletion of serum from high-abundant proteins may
increase the resolution and detection of low-abundance proteins [89]. However, while
depleting serum from albumin, some potentially important proteins may bind to albumin and
be lost for the upcoming analysis [90].

For the tissue samples, the diagnostic quality of biopsied tissue is limited for the evaluation of
liver fibrosis. Presentation of only a very small part of the liver (approximately 1/50,000) by
needle biopsy causes high sampling variability [91, 92]. Especially since fibrotic tissue is not
distributed homogeneously inside the liver, sampling errors form 10% of false-negative
diagnoses [91]. Moreover, interobserver agreement is not very high for particularly intermedi-
ate fibrosis stages. By considering these facts altogether, proteomic studies of liver fibrosis carry
a robust characteristic.

7. Future directions and concluding remarks

Future studies in search of biomarkers for liver fibrosis should involve an adequate reference
standard. Moreover, it is fairly possible that each chronic liver disease (CLD) could have its
etiology-specific biomarkers, and further research should cover the identification of optimal
biomarker sets for each cause of CLD (such as HBV, HCV, NASH, alcohol abuse). Serum
proteomic studies might be combined with imaging techniques such as MALDI imaging to
improve the performance of noninvasive techniques [93].

In summary, proteomic studies offer a great insight into differentially expressed proteins in
plasma and hepatic tissue of patients with liver fibrosis. The results of this proteomic knowl-
edge present researchers a better understanding about the pathobiology of liver fibrosis and
lead to the discovery of the best set of biomarkers for the noninvasive assessment of the clinical
stage of patients.

Advances in Treatment of Hepatitis C and B364



Author details

Seyma Katrinli1, H. Levent Doganay2, Kamil Ozdil2 and Gizem Dinler-Doganay1*

*Address all correspondence to: gddoganay@itu.edu.tr

1 Molecular Biology and Genetics Department, Istanbul Technical University, Maslak,
Istanbul, Turkey

2 Department of Gastroenterology, Umraniye Teaching and Research Hospital, Umraniye,
Istanbul, Turkey

References

[1] Bataller R, Brenner DA. Liver fibrosis. J Clin Investig. 2005; 115(2): 209–18.

[2] Hannivoort RA, Hernandez-Gea V, Friedman SL. Genomics and proteomics in liver
fibrosis and cirrhosis. Fibrogenesis Tissue Repair. 2012; 5(1): 1.

[3] Lavanchy D. Hepatitis B virus epidemiology, disease burden, treatment, and current
and emerging prevention and control measures. J Viral Hepat. 2004; 11(2): 97–107.

[4] World Health Organization Fact Sheet [Internet]. 2016 [cited 2016-07-28]. Available
from: http://www.who.int/mediacentre/factsheets/fs164/en/.

[5] Calvaruso V, Craxi A. Fibrosis in chronic viral hepatitis. Best Pract Res Clin Gastroen-
terol. 2011; 25(2): 219–30.

[6] Liaw YF, Tai DI, Chu CM, Chen TJ. The development of cirrhosis in patients with
chronic type B hepatitis: a prospective study. Hepatology. 1988; 8(3): 493–6.

[7] de Jongh FE, Janssen HL, de Man RA, Hop WC, Schalm SW, van Blankenstein M.
Survival and prognostic indicators in hepatitis B surface antigen-positive cirrhosis of
the liver. Gastroenterology. 1992; 103(5): 1630–5.

[8] Fattovich G, Giustina G, Schalm SW, Hadziyannis S, Sanchez-Tapias J, Almasio P,
Christensen E, Krogsgaard K, Degos F, Carneiro de Moura M, et al. Occurrence of
hepatocellular carcinoma and decompensation in western European patients with
cirrhosis type B. The EUROHEP Study Group on Hepatitis B Virus and Cirrhosis.
Hepatology. 1995; 21(1): 77–82.

[9] Desmet VJ, Roskams T. Cirrhosis reversal: a duel between dogma and myth. J Hepatol.
2004; 40(5): 860–7.

[10] Iredale JP, Benyon RC, Pickering J, McCullen M, Northrop M, Pawley S, Hovell C,
Arthur MJ. Mechanisms of spontaneous resolution of rat liver fibrosis. Hepatic stellate

Can Proteomic Profiling Identify Biomarkers and/or Therapeutic Targets for Liver Fibrosis?
http://dx.doi.org/10.5772/65608

365



cell apoptosis and reduced hepatic expression of metalloproteinase inhibitors. J Clin
Investig. 1998; 102(3): 538–49.

[11] Fallowfield JA, Iredale JP. Targeted treatments for cirrhosis. Expert Opin Ther Targets.
2004; 8(5): 423–35.

[12] Xu R, Zhang Z, Wang FS. Liver fibrosis: mechanisms of immune-mediated liver injury.
Cell Mol Immunol. 2012; 9(4): 296–301.

[13] Afdhal NH, Nunes D. Evaluation of liver fibrosis: a concise review. Am J Gastroenterol.
2004; 99(6): 1160–74.

[14] European Association for Study of Liver; Asociacion Latinoamericana para el Estudio
del Higado. EASL-ALEH Clinical Practice Guidelines: non-invasive tests for evaluation
of liver disease severity and prognosis. J Hepatol. 2015; 63(1): 237–64.

[15] Kaswala DH, Lai M, Afdhal NH. Fibrosis assessment in nonalcoholic fatty liver disease
(NAFLD) in 2016. Dig Dis Sci. 2016; 61(5): 1356–64.

[16] Fukui H, Saito H, Ueno Y, Uto H, Obara K, Sakaida I, Shibuya A, Seike M, Nagoshi S,
Segawa M, Tsubouchi H, Moriwaki H, Kato A, Hashimoto E, Michitaka K, Murawaki
T, Sugano K, Watanabe M, Shimosegawa T. Evidence-based clinical practice guidelines
for liver cirrhosis 2015. J Gastroenterol. 2016; 51(7): 629–50.

[17] Thampanitchawong P, Piratvisuth T. Liver biopsy:complications and risk factors. World
J Gastroenterol. 1999; 5(4): 301–4.

[18] Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG, Pyrsopoulos NT, Feng ZZ,
Reddy KR, Schiff ER. Sampling error and intraobserver variation in liver biopsy in
patients with chronic HCV infection. Am J Gastroenterol. 2002; 97(10): 2614–8.

[19] Poynard T, Imbert-Bismut F, Munteanu M, Messous D, Myers RP, Thabut D, Ratziu V,
Mercadier A, Benhamou Y, Hainque B. Overview of the diagnostic value of biochemical
markers of liver fibrosis (FibroTest, HCV FibroSure) and necrosis (ActiTest) in patients
with chronic hepatitis C. Comp Hepatol. 2004; 3(1): 8.

[20] Feld JJ, Wong DK, Heathcote EJ. Endpoints of therapy in chronic hepatitis B. Hepatol-
ogy. 2009; 49(5 Suppl): S96–102.

[21] Cravatt BF, Simon GM, Yates JR, 3rd. The biological impact of mass-spectrometry-based
proteomics. Nature. 2007; 450(7172): 991–1000.

[22] Liotta LA, Ferrari M, Petricoin E. Clinical proteomics: written in blood. Nature. 2003;
425(6961): 905.

[23] Friedman SL. Liver fibrosis—from bench to bedside. Journal of hepatology. 2003; 38
Suppl 1: S38–53.

[24] Poynard T, Ratziu V, Benhamou Y, Opolon P, Cacoub P, Bedossa P. Natural history of
HCV infection. Baillieres Best Pract Res Clin Gastroenterol. 2000; 14(2): 211–28.

Advances in Treatment of Hepatitis C and B366



[25] Pinzani M. Liver fibrosis. Springer Semin Immunopathol. 1999; 21(4): 475–90.

[26] Gabele E, Brenner DA, Rippe RA. Liver fibrosis: signals leading to the amplification of
the fibrogenic hepatic stellate cell. Front Biosci. 2003; 8: d69–77.

[27] Milani S, Herbst H, Schuppan D, Kim KY, Riecken EO, Stein H. Procollagen expression
by nonparenchymal rat liver cells in experimental biliary fibrosis. Gastroenterology.
1990; 98(1): 175–84.

[28] Lindquist JN, Parsons CJ, Stefanovic B, Brenner DA. Regulation of alpha1(I) collagen
messenger RNA decay by interactions with alphaCP at the 3'-untranslated region. J Biol
Chem. 2004; 279(22): 23822–9.

[29] Lindquist JN, Marzluff WF, Stefanovic B. Fibrogenesis. III. Posttranscriptional regula-
tion of type I collagen. Am J Physiol Gastrointest Liver Physiol. 2000; 279(3): G471–6.

[30] Kinnman N, Housset C. Peribiliary myofibroblasts in biliary type liver fibrosis. Front
Biosci. 2002; 7: d496–503.

[31] Magness ST, Bataller R, Yang L, Brenner DA. A dual reporter gene transgenic mouse
demonstrates heterogeneity in hepatic fibrogenic cell populations. Hepatology. 2004;
40(5): 1151–9.

[32] Kmiec Z. Cooperation of liver cells in health and disease. Adv Anat Embryol Cell Biol.
2001; 161: III–XIII, 1–151.

[33] Higuchi H, Gores GJ. Mechanisms of liver injury: an overview. Curr Mol Med. 2003;
3(6): 483–90.

[34] Canbay A, Friedman S, Gores GJ. Apoptosis: the nexus of liver injury and fibrosis.
Hepatology. 2004; 39(2): 273–8.

[35] Casini A, Ceni E, Salzano R, Biondi P, Parola M, Galli A, Foschi M, Caligiuri A, Pinzani
M, Surrenti C. Neutrophil-derived superoxide anion induces lipid peroxidation and
stimulates collagen synthesis in human hepatic stellate cells: role of nitric oxide.
Hepatology. 1997; 25(2): 361–7.

[36] Vinas O, Bataller R, Sancho-Bru P, Gines P, Berenguer C, Enrich C, Nicolas JM, Ercilla
G, Gallart T, Vives J, Arroyo V, Rodes J. Human hepatic stellate cells show features of
antigen-presenting cells and stimulate lymphocyte proliferation. Hepatology. 2003;
38(4): 919–29.

[37] Maher JJ. Interactions between hepatic stellate cells and the immune system. Semin
Liver Dis. 2001; 21(3): 417–26.

[38] Naito M, Hasegawa G, Ebe Y, Yamamoto T. Differentiation and function of Kupffer
cells. Med Electron Microsc. 2004; 37(1): 16–28.

[39] Thurman RG. II. Alcoholic liver injury involves activation of Kupffer cells by endotoxin.
Am J Physiol. 1998; 275(4 Pt 1): G605–11.

Can Proteomic Profiling Identify Biomarkers and/or Therapeutic Targets for Liver Fibrosis?
http://dx.doi.org/10.5772/65608

367



[40] Olaso E, Ikeda K, Eng FJ, Xu L, Wang LH, Lin HC, Friedman SL. DDR2 receptor
promotes MMP-2-mediated proliferation and invasion by hepatic stellate cells. J Clin
Investig. 2001; 108(9): 1369–78.

[41] Shiha  G and Zalata  K (2011).  Ishak  versus  METAVIR:  Terminology,  Convertibility
and  Correlation  with  Laboratory  Changes  in  Chronic  Hepatitis  C.  In:  Takahashi
H,  editor.  Liver  Biopsy:  InTech;  Croatia.  ISBN:  978-953-307-644-7.  Available
from:  http://www.intechopen.com/books/howtoreference/liver-biopsy/ishak-versus-
metavir-terminology-convertibility-and-correlation-with-laboratory-changes-in-
chronic-h

[42] Cooksley  WG,  Bradbear  RA,  Robinson  W,  Harrison  M,  Halliday  JW,  Powell
LW,  Ng  HS,  Seah  CS,  Okuda  K,  Scheuer  PJ,  et  al.  The  prognosis  of  chronic
active  hepatitis  without  cirrhosis  in  relation  to  bridging  necrosis.  Hepatology.
1986;  6(3):  345–8.

[43] Desmet  VJ,  Gerber  M,  Hoofnagle  JH,  Manns  M,  Scheuer  PJ.  Classification
of  chronic  hepatitis:  diagnosis,  grading  and  staging.  Hepatology.  1994;  19(6):
1513–20.

[44] Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, Denk H, Desmet V, Korb
G, MacSween RN, et al. Histological grading and staging of chronic hepatitis. J Hepatol.
1995; 22(6): 696–9.

[45] Westin J, Lagging LM, Wejstal R, Norkrans G, Dhillon AP. Interobserver study of liver
histopathology using the Ishak score in patients with chronic hepatitis C virus infection.
Liver. 1999; 19(3): 183–7.

[46] Cowan ML, Rahman TM, Krishna S. Proteomic approaches in the search for biomarkers
of liver fibrosis. Trends Mol Med. 2010; 16(4): 171–83.

[47] Stanley AJ, Haydon GH, Piris J, Jarvis LM, Hayes PC. Assessment of liver histology in
patients with hepatitis C and normal transaminase levels. Eur J Gastroenterol Hepatol.
1996; 8(9): 869–72.

[48] Poynard T, Bedossa P. Age and platelet count: a simple index for predicting the presence
of histological lesions in patients with antibodies to hepatitis C virus. METAVIR and
CLINIVIR Cooperative Study Groups. J Viral Hepat. 1997; 4(3): 199–208.

[49] Abdollahi M, Pouri A, Ghojazadeh M, Estakhri R, Somi M. Non-invasive serum fibrosis
markers: a study in chronic hepatitis. Bioimpacts. 2015; 5(1): 17–23.

[50] Cho HJ, Kim SS, Ahn SJ, Park JH, Kim DJ, Kim YB, Cho SW, Cheong JY. Serum
transferrin as a liver fibrosis biomarker in patients with chronic hepatitis B. Clin Mol
Hepatol. 2014; 20(4): 347–54.

[51] Ho AS, Cheng CC, Lee SC, Liu ML, Lee JY, Wang WM, Wang CC. Novel biomarkers
predict liver fibrosis in hepatitis C patients: alpha 2 macroglobulin, vitamin D binding
protein and apolipoprotein AI. J Biomed Sci. 2010; 17: 58.

Advances in Treatment of Hepatitis C and B368



[52] Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, Lok
AS. A simple noninvasive index can predict both significant fibrosis and cirrhosis in
patients with chronic hepatitis C. Hepatology. 2003; 38(2): 518–26.

[53] Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou Y, Poynard T, Group M.
Biochemical markers of liver fibrosis in patients with hepatitis C virus infection: a
prospective study. Lancet. 2001; 357(9262): 1069–75.

[54] Koda M, Matunaga Y, Kawakami M, Kishimoto Y, Suou T, Murawaki Y. FibroIndex, a
practical index for predicting significant fibrosis in patients with chronic hepatitis C.
Hepatology. 2007; 45(2): 297–306.

[55] Guha IN. Back to the future with noninvasive biomarkers of liver fibrosis. Hepatology.
2009; 49(1): 9–11.

[56] Aebersold R, Mann M. Mass spectrometry-based proteomics. Nature. 2003; 422(6928):
198–207.

[57] Schwartz JC, Senko MW, Syka JE. A two-dimensional quadrupole ion trap mass
spectrometer. J Am Soc Mass Spectrom. 2002; 13(6): 659–69.

[58] O'Farrell PH. High resolution two-dimensional electrophoresis of proteins. J Biol
Chem. 1975; 250(10): 4007–21.

[59] Gorg A, Postel W, Gunther S. The current state of two-dimensional electrophoresis with
immobilized pH gradients. Electrophoresis. 1988; 9(9): 531–46.

[60] Unlu M, Morgan ME, Minden JS. Difference gel electrophoresis: a single gel method
for detecting changes in protein extracts. Electrophoresis. 1997; 18(11): 2071–7.

[61] Tonge R, Shaw J, Middleton B, Rowlinson R, Rayner S, Young J, Pognan F, Hawkins E,
Currie I, Davison M. Validation and development of fluorescence two-dimensional
differential gel electrophoresis proteomics technology. Proteomics. 2001; 1(3): 377–96.

[62] Zhou G, Li H, DeCamp D, Chen S, Shu H, Gong Y, Flaig M, Gillespie JW, Hu N, Taylor
PR, Emmert-Buck MR, Liotta LA, Petricoin EF, 3rd, Zhao Y. 2D differential in-gel
electrophoresis for the identification of esophageal scans cell cancer-specific protein
markers. Mol Cell Proteom MCP. 2002; 1(2): 117–24.

[63] Alban A, David SO, Bjorkesten L, Andersson C, Sloge E, Lewis S, Currie I. A novel
experimental design for comparative two-dimensional gel analysis: two-dimensional
difference gel electrophoresis incorporating a pooled internal standard. Proteomics.
2003; 3(1): 36–44.

[64] Magdeldin S, Zhang Y, Xu B, Yoshida Y, Yamamoto T (2012). Two-Dimensional
Polyacrylamide Gel Electrophoresis - A Practical Perspective. In: Magdeldin S, editor.
Gel Electrophoresis: InTech; Croatia. ISBN: 978-953-51-0458-2. Available from: http://
www.intechopen.com/books/gel-electrophoresis-principles-and-basics/two-dimen-
sional-polyacrylamidegel-electrophoresis-a-practical-perspective

Can Proteomic Profiling Identify Biomarkers and/or Therapeutic Targets for Liver Fibrosis?
http://dx.doi.org/10.5772/65608

369



[65] Gil GC, Brennan J, Throckmorton DJ, Branda SS, Chirica GS. Automated analysis of
mouse serum peptidome using restricted access media and nanoliquid chromatogra-
phy-tandem mass spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci. 2011;
879(15–16): 1112–20.

[66] Hutchens TA. Automaticity and reading in learning-disabled college students. Ann N
Y Acad Sci. 1993; 682: 357–8.

[67] Issaq HJ, Veenstra TD, Conrads TP, Felschow D. The SELDI-TOF MS approach to
proteomics: protein profiling and biomarker identification. Biochem Biophys Res
Commun. 2002; 292(3): 587–92.

[68] De Bock M, de Seny D, Meuwis MA, Chapelle JP, Louis E, Malaise M, Merville MP,
Fillet M. Challenges for biomarker discovery in body fluids using SELDI-TOF-MS. J
Biomed Biotechnol. 2010; 2010: 906082.

[69] Lee IN, Chen CH, Sheu JC, Lee HS, Huang GT, Yu CY, Lu FJ, Chow LP. Identification
of human hepatocellular carcinoma-related biomarkers by two-dimensional difference
gel electrophoresis and mass spectrometry. J Proteome Res. 2005; 4(6): 2062–9.

[70] Sun W, Xing B, Sun Y, Du X, Lu M, Hao C, Lu Z, Mi W, Wu S, Wei H, Gao X, Zhu Y,
Jiang Y, Qian X, He F. Proteome analysis of hepatocellular carcinoma by two-dimen-
sional difference gel electrophoresis: novel protein markers in hepatocellular carcino-
ma tissues. Mol Cell Proteomics MCP. 2007; 6(10): 1798–808.

[71] Sarvari J, Mojtahedi Z, Taghavi SA, Kuramitsu Y, Shamsi Shahrabadi M, Ghaderi A,
Nakamura K. Differentially expressed proteins in chronic active hepatitis, cirrhosis,
and HCC related to HCV infection in comparison with HBV infection: a proteomics
study. Hepatitis. 2013; 13(7): e8351.

[72] Molleken C, Sitek B, Henkel C, Poschmann G, Sipos B, Wiese S, Warscheid B, Broelsch
C, Reiser M, Friedman SL, Tornoe I, Schlosser A, Kloppel G, Schmiegel W, Meyer HE,
Holmskov U, Stuhler K. Detection of novel biomarkers of liver cirrhosis by proteomic
analysis. Hepatology. 2009; 49(4): 1257–66.

[73] Cheung  KJ,  Tilleman  K,  Deforce  D,  Colle  I,  Van  Vlierberghe  H.  The  HCV
serum  proteome:  a  search  for  fibrosis  protein  markers.  J  Viral  Hepat.  2009;
16(6):  418–29.

[74] Lu Y, Liu J, Lin C, Wang H, Jiang Y, Wang J, Yang P, He F. Peroxiredoxin 2: a potential
biomarker for early diagnosis of hepatitis B virus related liver fibrosis identified by
proteomic analysis of the plasma. BMC Gastroenterol. 2010; 10: 115.

[75] Mohamadkhani A, Jazii FR, Sayehmiri K, Jafari-Nejad S, Montaser-Kouhsari L,
Poustchi H, Montazeri G. Plasma myeloperoxidase activity and apolipoprotein A-1
expression in chronic hepatitis B patients. Arch Iran Med. 2011; 14(4): 254–8.

[76] Diamond  DL,  Jacobs  JM,  Paeper  B,  Proll  SC,  Gritsenko  MA,  Carithers  RL,  Jr.,
Larson AM,  Yeh MM, Camp DG,  2nd,  Smith  RD,  Katze MG.  Proteomic  profiling

Advances in Treatment of Hepatitis C and B370



of  human  liver  biopsies:  hepatitis  C  virus-induced  fibrosis  and  mitochondrial
dysfunction.  Hepatology.  2007;  46(3):  649–57.

[77] Diamond DL, Krasnoselsky AL, Burnum KE, Monroe ME, Webb-Robertson BJ,
McDermott JE, Yeh MM, Dzib JF, Susnow N, Strom S, Proll SC, Belisle SE, Purdy DE,
Rasmussen AL, Walters KA, Jacobs JM, Gritsenko MA, Camp DG, Bhattacharya R,
Perkins JD, Carithers RL, Jr., Liou IW, Larson AM, Benecke A, Waters KM, Smith RD,
Katze MG. Proteome and computational analyses reveal new insights into the mecha-
nisms of hepatitis C virus-mediated liver disease posttransplantation. Hepatology.
2012; 56(1): 28–38.

[78] Ferrin G, Rodriguez-Peralvarez M, Aguilar-Melero P, Ranchal I, Llamoza C, Linares CI,
Gonzalez-Rubio S, Muntane J, Briceno J, Lopez-Cillero P, Montero-Alvarez JL, de la
Mata M. Plasma protein biomarkers of hepatocellular carcinoma in HCV-infected
alcoholic patients with cirrhosis. PloS One. 2015; 10(3): e0118527.

[79] Spano D, Cimmino F, Capasso M, D'Angelo F, Zambrano N, Terracciano L, Iolascon A.
Changes of the hepatic proteome in hepatitis B-infected mouse model at early stages
of fibrosis. J Proteome Res. 2008; 7(7): 2642–53.

[80] Bracht T, Schweinsberg V, Trippler M, Kohl M, Ahrens M, Padden J, Naboulsi W,
Barkovits K, Megger DA, Eisenacher M, Borchers CH, Schlaak JF, Hoffmann AC, Weber
F, Baba HA, Meyer HE, Sitek B. Analysis of disease-associated protein expression using
quantitative proteomics-fibulin-5 is expressed in association with hepatic fibrosis. J
Proteome Res. 2015; 14(5): 2278–86.

[81] Marrocco C, Rinalducci S, Mohamadkhani A, D'Amici GM, Zolla L. Plasma gelsolin
protein: a candidate biomarker for hepatitis B-associated liver cirrhosis identified by
proteomic approach. Blood Transfus. 2010; 8(Suppl. 3): s105–12.

[82] Saito  T,  Sugimoto  M,  Igarashi  K,  Saito  K,  Shao  L,  Katsumi  T,  Tomita  K,
Sato  C,  Okumoto  K,  Nishise  Y,  Watanabe  H,  Tomita  M,  Ueno  Y,  Soga  T.
Dynamics  of  serum  metabolites  in  patients  with  chronic  hepatitis  C  receiving
pegylated  interferon  plus  ribavirin:  a  metabolomics  analysis.  Metabolism.  2013;
62(11):  1577–86.

[83] Yen YH, Wang JC, Hung CH, Lu SN, Wang JH, Hu TH, Kee KM, Hsiao CC, Lee CM.
Serum proteome predicts virological response in chronic hepatitis C genotype 1b
patients treated with pegylated interferon plus ribavirin. J Formos Med Assoc. 2015;
114(7): 652–8.

[84] Hare BJ, Haseltine E, Fleming M, Chelsky D, McIntosh L, Allard R, Botfield M. A
signature for immune response correlates with HCV treatment outcome in Caucasian
subjects. J Proteomics. 2015; 116: 59–67.

[85] Ransohoff DF. Bias as a threat to the validity of cancer molecular-marker research. Nat
Rev Cancer. 2005; 5(2): 142–9.

Can Proteomic Profiling Identify Biomarkers and/or Therapeutic Targets for Liver Fibrosis?
http://dx.doi.org/10.5772/65608

371



[86] Ransohoff DF. Rules of evidence for cancer molecular-marker discovery and validation.
Nat Rev Cancer. 2004; 4(4): 309–14.

[87] Banks  RE,  Stanley  AJ,  Cairns  DA,  Barrett  JH,  Clarke  P,  Thompson  D,  Selby
PJ.  Influences  of  blood  sample  processing  on  low-molecular-weight  proteome
identified  by  surface-enhanced  laser  desorption/ionization  mass  spectrometry.
Clin  Chem.  2005;  51(9):  1637–49.

[88] Verrills NM. Clinical proteomics: present and future prospects. Clin Biochem Rev. 2006;
27(2): 99–116.

[89] Bjorhall K, Miliotis T, Davidsson P. Comparison of different depletion strategies for
improved resolution in proteomic analysis of human serum samples. Proteomics. 2005;
5(1): 307–17.

[90] Geho DH, Liotta LA, Petricoin EF, Zhao W, Araujo RP. The amplified peptidome: the
new treasure chest of candidate biomarkers. Curr Opin Chem Biol. 2006; 10(1): 50–5.

[91] Bedossa P, Dargere D, Paradis V. Sampling variability of liver fibrosis in chronic
hepatitis C. Hepatology. 2003; 38(6): 1449–57.

[92] Ratziu V, Charlotte F, Heurtier A, Gombert S, Giral P, Bruckert E, Grimaldi A, Capron
F, Poynard T, Group LS. Sampling variability of liver biopsy in nonalcoholic fatty liver
disease. Gastroenterology. 2005; 128(7): 1898–906.

[93] Castera L, Vergniol J, Foucher J, Le Bail B, Chanteloup E, Haaser M, Darriet M,
Couzigou P, De Ledinghen V. Prospective comparison of transient elastography,
fibrotest, APRI, and liver biopsy for the assessment of fibrosis in chronic hepatitis C.
Gastroenterology. 2005; 128(2): 343–50.

Advances in Treatment of Hepatitis C and B372


