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Abstract. Hepatocellular carcinoma (HCC) is one of the 
most aggressive cancers worldwide and is associated with the 
high rates of morbidity and mortality. α-fetoprotein (AFP) 
is common used in diagnosis of HCC; however, a growing 
body of research is questioning the diagnostic power of AFP. 
There is, therefore, an urgent need to develop additional novel 
non-invasive techniques for the early diagnosis of HCC, 
particularly for patients with AFP-negative [AFP(-)] HCC. 
Accordingly, in the present study, we employed iTRAQ-based 
mass spectro-metry to analyze the plasma proteins of subjects 
with AFP(-) HBV-related HCC, AFP(+) HBV-related HCC 
and non-malignant cirrhosis. We identified 14 aberrantly 
expressed proteins specific to the HCC patients, including 
10 upregulated and 4 downregulated proteins. We verified 
C-reactive protein (CRP) overexpression by ELISA and 
immunohistochemical staining of clinical samples. Per ROC 
curve analyses, CRP was positive in 73.3% of patients with 
HBV-related HCC, and CRP overexpression had significant 
diagnostic power for AFP(-) HBV-related HCC. Furthermore, 
we found that silencing CRP caused a >2-fold decease in HBV 
replication. Additionally, we determined that this reduction in 
HBV replication involved the interferon-signaling pathway. 
However, silencing CRP also promoted HCC invasion and 

migration in vitro. In conclusion, we demonstrated that CRP 
can serve as a diagnostic biomarker for AFP(-) HBV-related 
HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant cancers worldwide with ~598,000 incidences per 
year representing the second leading cause of cancer death 
with the 5-year survival rate of <5% (1).The primary etiolog-
ical factor for HCC is HBV infection (2); however, inefficient 
diagnosis of early stage HCC remains a primary causal 
factor of the high mortality and poor prognosis (3-6). Since 
the identification of α-fetoprotein (AFP) in 1970s, it has been 
the only serologic marker that is widely used for the HCC 
diagnosis. However, the diagnostic power of AFP has been 
continuously questioned and debated. For example, elevated 
serum AFP was only observed in ~60-70% of overall HCC 
patients, while the proportion was merely 33-65% regarding 
patients harboring HCCs of <3 cm in diameter (7,8). 
Furthermore, the non-specific elevation of serum AFP was 
observed in 11-47% of liver cirrhosis patients (7,9). Although 
Des-gamma-carboxyprothrombin (DCP) was once proposed 
to be a better HCC diagnostic marker, investigations have 
reported that it is only positive in 44-47.6% of the smaller 
HCCs (10,11).

Because the best currently available diagnostic HCC 
markers have significant shortcomings, novel serologic HCC 
biomarkers that improve the sensitivity and specificity of 
HCC diagnosis, especially in AFP-negative [AFP(-)] indi-
viduals, are greatly needed. In the present study, we define 
AFP(-) as serum AFP levels <20 ng/ml.

Several promising HCC biomarkers have been identi-
fied using proteomic strategies. For example, Lee et al (12) 
employed surface-enhanced laser desorption/ionization 
(SELDI) mass spectrometry (MS) and two-dimensional gel 
electrophoresis (2DE) technologies and found that comple-
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ment C3a upregulation correlates with the presence of chronic 
hepatitis C and hepatitis C virus (HCV)-related HCC (12). 
Another study by Feng et al (13) used 2DE and matrix assisted 
laser desorption/ionization-time of flight tandem mass spec-
trometry (MALDI-TOF-MS/MS) and identified heat-shock 
protein 27 (HSP27) as a potential complementary biomarker 
for AFP to improve the diagnosis of AFP(-) (<20 ng/ml) HCC 
patients and patients with small HCCs (<5 cm). Even though 
gel-based MS provides good visual and physical-chemical 
information, it is particularly time and labor intensive, with 
relatively low throughput and can have significant inter-
gel variations (14). Numerous new post-digestion labeling 
methods, such as isobaric tags for relative and absolute 
quantitation (iTRAQ) (15-17), have been recommended by the 
proteomics community to enable deeper proteome coverage 
and facilitate biomarker discovery.

In the present study, we performed iTRAQ-based MS to 
quantify differentially expressed proteins (DEPs) between 
plasma samples from AFP(-) and AFP-positive [AFP(+)]
patients. DEPs are also sometimes referred to as ‘aberrantly 
expressed proteins’ in this study when we wish to emphasize 
their biological and/or clinical relevance. Our iTRAQ analysis 
identified 14 aberrantly expressed proteins specific to the HCC 
patients. Within this set, ELISA analysis and immunohisto-
chemistry verified the likely importance of C-reactive protein 
(CRP) overexpression in HCC. Further clinical verification, 
diagnostic power evaluation and in vitro experiments were 
performed to validate the importance of CRP overexpression 
in HCC. We propose that CRP is a potentially useful diag-
nostic and therapeutic biomarker of AFP(-) HBV-related HCC.

Materials and methods

Subjects and plasma collection. Two-hundred and eighty-four 
subjects participated in this study from January 2013 to March 
2014, including 74 AFP negative hepatocellular carcinoma 
patients, 60 AFP positive HCC patients and 70 liver cirrhosis 
patients, these patients all had chronic hepatitis B infection. 
There were 40 chronic hepatitis B patients and 40 healthy 
controls. Serum plasma samples were obtained according 
to the guidelines given by the HUPO Plasma Proteome 
Project (18), and 4 ml of peripheral blood was collected from 
each subject. Diagnoses of chronic hepatitis B, liver cirrhosis 
and hepatocellular carcinoma were performed according 
to the Asian Pacific Association for the Study of the Liver 

(APASL), the European Association for the Study of the Liver 
(EASL) and the American Association for the Study of Liver 
Diseases (AASLD) (19-22). This study was approved by the 
Ethics Committee of Chongqing Medical University. Written 
informed consent was obtained from all participants before 
the treatment. Patient demographics and clinicopathological 
data are summarized in Table I.

Abundant protein depletion of plasma samples and ITRAQ 
labeling. Ten randomly chosen individual samples from each 
group were mixed to create three sample pools (Fig. 1). The 
most abundant proteins were depleted using an immuno-
depletion kit (GE Healthcare, Shanghai, China) as per the 
manufacturer's instructions. Immunodepleted plasma was 
subjected to protein concentration assays using a 2-D Quant 
kit (GE Healthcare). Protein (100 µg) was precipitated from 
each pooled group, dissolved in dissolution buffer, denatured, 
cysteine blocked, digested with 2 µg of sequencing grade 
modified trypsin and labeled using iTRAQ reagents [LC, 
113 tag; AFP(-) HCC, 114 tag; and AFP(+) protein, 115 tag] 
provided by an iTRAQ kit (AB Sciex Analytical Instrument 
Trading Co., Shanghai, China) (Fig. 1). For the parallel study, 
the same sample set was labeled with the iTRAQ reagents 116, 
117 and 118, respectively (Fig. 1). Peptides from each sample 
set were mixed prior to subsequent analysis.

Peptide fractionation. Labeled peptides were fractionated by 
immobilized-pH-gradient isoelectric focusing (IPG-IEF), as 
previously described (23,24). Briefly, samples were dissolved 
in a Pharmalyte (GE Healthcare) and urea solution, rehydrated 
on a pH 3-10 IPG strip, and then subjected to IEF focusing at 
68 kV/h with an IPGphor system (GE Healthcare). Peptides 
were then extracted from the gel using an acetonitrile (ACN) 
and formic acid solution (25). The fractions were lyophilized, 
and purified with SPE Discovery DSC-18 columns (Supelco 
Inc., Bellefonte, PA, USA). The purified peptides were 
re-lyophilized and stored at -20˚C until use.

MASS spectrometry. Purified peptide fractions were reconsti-
tuted in solvent A [water/ACN (98:2 v/v) with 0.1% formic acid] 
and separated using a C18-PepMap column (Thermo Fisher 
Scientific, Beijing, China) with a solvent gradient of 2-100% 
Buffer B (0.1% formic acid and 98% acetonitrile) in Buffer A 
at a flow rate of 0.3 µl/min. The peptides were electrosprayed 
using a nanoelectrospray ionization source at an ion spray 

Table I. Patient demographic and clinical characteristics.

Characteristics Healthy controls Chronic hepatitis B Liver cirrhosis AFP(-)HCC AFP(+)HCC

Age (years), mean ± SD 22±4.5 42±13.4 44±11.9 50±18.9 55±20.3
Gender
   Male 16 22 54 44 32
  Female 24 18 16 30 28
ALT (IU/l), mean ± SD NA 453.46±178.94 108.8±39.04 26.33±4.799 47.67±12.45
AFP (ng/ml), mean ± SD NA 111.1±33.89 166.5±29.56 6.372±0.495 765.23±92.28
HBV DNA (log copies/ml), mean ± SD NA 5.67±1.12 2.87±0.98 3.12±1.02 3.33±1.007
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voltage of 2300 eV and analyzed by a NanoLC-ESI-Triple TOF 
5600 system (AB Sciex). The mass spectrometer was set in the 
positive ion mode at a mass range of 300-1800 m/z. The two 
most intensely charged peptides above 20 counts were selected 
for MS/MS at a dynamic exclusion of 30 sec (25).

Data were processed by ProteinPilot v2.0 (AB Sciex) and 
compared with the International Protein Index (IPI) Human 
database v3.77. Cysteine modified by methane thiosulfate 
(MMTS) was specified as a fixed modification. Protein iden-
tification was based on a threshold of protein score >1.3. For 
quantitation, at least two unique peptides with 95% confidence 
and a P-value <0.05 were required.

Bioinformatics. The Gene Ontology was analyzed by 
PANTHER (http://www.pantherdb.org/) on biological 
processes, protein classes and molecular functions. The 
signaling pathway analysis was performed by using the 
STRING (http://string-db.org/) program.

ELISA. The plasma levels of CRP, SAA, AFP and C9 were 
measured in 284 cases using commercial ELISA kits in accor-
dance with the manufacturer's instructions. The cut-off value 
of CRP was determined using the receiver-operator character-
istic curve (ROC) curve, which was twice the SD above the 
average of the control individuals. Human CRP ELISA kit 
(ab99995) and Complement C9 Human ELISA kit (ab137972) 
were purchased from Abcam (Cambridge, UK). The human 
SAA ELISA kit (ELH-SAA-001) was purchased from Ray 
Biotech (Norcross, GA, USA).

Tissues microarray and immunohistochemistry (IHC). 
IHC evaluation of C9, SAA and CRP was performed with 
a commercial tissue microarray (BC03117; Us Biomax Inc., 
Rockville, MD, USA) containing 48 unique HCC samples and 
22 liver cirrhosis tissues. Paraffin-embedded liver sections 
were deparaffinized, rehydrated and subjected to heat-induced 
antigen retrieval in 0.01 M sodium citrate  buffer for 5 min (26). 

Next, 3% H2O2 was added to quench the activity of endogenous 
peroxidase for 5 min. After BSA blocking, the sections were 
incubated overnight with primary antibodies for CRP (1:100), 
SAA (1:100) and C9 (1:100) (Abcam). The EnVision system 
with horseradish peroxidase (DakoCytomation, Glostrup, 
Denmark) was used for IHC visualization (26). Gill's hema-
toxylin was used to counterstain slides according to methods 
previously described (25,26). Monoclonal antibodies against 
human CRP (ab32412), serum amyloid A (SAA, EPR4134), 
matrix metalloproteinase 2 (MMP2, EPR1184), matrix 
metalloproteinase 9 (MMP9, EP1254), signal transducer and 
activator of transcription 3 (STAT3, E121-21), phosphorylated 
STAT3 (pY705-STAT3, EP2147Y) and β-actin (EP1123Y) 
were purchased from Abcam. Horseradish peroxidase (HRP)-
conjugated secondary antibodies were obtained from Santa 
Cruz Biotechnology (Dallas, TX, USA).

Cell lines. The stable HBV-transfected cell line HepG2.2.15, 
the human HCC cell line HepG2 (ATCC, Manassas, VA, 
USA) and the BEL7402 cell line (Cell Bank of the Chinese 
Academy of Medical Science, Beijing, China) were cultured in 
high-glucose DMEM that was supplemented with 100 µg/ml 
streptomycin, 0.1% non-essential amino acids, 100 IU/ml peni-
cillin, 1.0 mM sodium pyruvate, 2 mM glutamine and 10% 
FBS at 5% CO2 and 37˚C (27).

CRP siRNA transfection, transwell assays and wound healing. 
Cell lines were transfected with 100 nm of CRP-specific 
siRNA (HSS175221, HSS102299 and HSS102300) or a nega-
tive control plasmid (12935-400) using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). Cell viability was deter-
mined with a trypan blue exclusion assay and only cells that 
had over 95% live cells by the trypan blue exclusion assay were 
used for subsequent assays.

For wound healing assays, cells were cultured in 6-well 
plates until they reached 100% confluence. A 200-µl pipet tip 
was used to scratch the cell monolayer, followed by washes 
with the growth media to remove debris. The resultant gap was 
monitored for up to 24 h via a microscope.

Invasion assays were completed by a Cell Invasion assay 
kit (Cell Biolabs, Inc., Beijing, China). As determined by the 
trypan blue exclusion, ~1x105 viable and siRNA-transfected 
cells were seeded onto the upper chamber of a 24-well plate 
with polycarbonate membrane inserts, and the number of cells 
that invaded through the ECM Matrix gel was determined 
24 h after seeding by CyQuant GR fluorescent dye (560 nm).

Western blotting. Cells were lysed with RIPA buffer, and a 
2-D Quantification kit (GE Healthcare) was used to determine 
the protein concentration. Protein samples were electropho-
retically separated by SDS-PAGE and then transferred onto 
PVDF membranes. Membranes were blocked with BSA in 
Tris-buffered saline solution with Tween-20 (TBS-T), over-
night at 4˚C and then incubated with the primary antibodies 
(1:500-1:1,000 dilution) for 3 h at room temperature. Then 
membranes were incubated with HRP-conjugated secondary 
antibodies at a dilution of 1:5,000 after three wahses with 
TBST buffer. Finally, membranes were visualized with the 
ChemiDoc MP imaging system (Bio-Rad Laboratories, 
Hercules, CA, USA).

Figure 1. The iTRAQ-based MS workflow.
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Supernatant HBV detection and RT-PCR analysis. Supernatant 
HBV-DNA was quantified by RT-PCR using a commercial 
HBV detection kit (Fosun Diagnostics, Shanghai, China) on 
a Roche LightCycler instrument (Roche Molecular Systems, 
Alameda, CA, USA). Elecsys HBsAg II and HBeAg quantita-
tive assay kits were used to detect HBsAg and HBeAg titers, 
respectively, using the Roche Cobas e601 electrochemical 
luminescence analyzer (Roche Diagnostics GmbH, Mannheim, 
Germany) (28). To measure the expression levels of downstream 
IFN-stimulated genes and type I IFN in transfected cells, we 
used gene-specific primers for GAPDH (Hs02758991_g1), 
OASL (Hs00984390_m1), Mx1 (Hs00895608_m1), 
ISG15 (Hs01921425_s1), OAS2 (Hs00942643_m1), 
EIF-2α (Hs00230684_m1), IFNβ1 (Hs01077958_s1), 
OAS1 (Hs00973637_m1), PKR (Hs00169345_m1), IFNα1 
(Hs00855471_g1) and OAS3 (Hs00196324_m1) (Life 
Technologies). The 2-ΔΔCT method (29) was used to analyze 
the relative changes in gene expression. All experiments were 
performed in triplicate.

Statistical analysis. SPSS software v13.0 (SPSS Inc., Chicago, 
IL, USA) was used to perform statistical analysis. Quantitative 
variables are presented as the mean and standard deviation 
(±SD). Comparisons between groups were analyzed by the 
Student's t-test or a Mann-Whitney U test. Qualitative variables 
are presented as counts and percentages, which were analyzed 
with the χ2 test. ROC curve analysis of CRP was performed 
to determine the diagnostic accuracy of CRP expression 
levels and 2X2 tables were used to evaluate sensitivity and 
specificity. Correlations between CRP and HBV DNA were 
determined using a Spearman's rank correlation analysis. 
P<0.05 was considered significant.

Results

MS identification and ITRAQ quantification of aberrantly 
expressed proteins. We used iTRAQ-based MS to analyze 
serum proteins from the AFP(-) HCC, AFP(+) HCC and LC 
groups (Fig. 1). We confidently identified and quantified 510 
proteins. The top 30 upregulated and the top 30 downregu-
lated proteins are shown in Table II. We further defined the 
DEPs using a ±1.3-fold cut-off in accordance with commonly 
adopted iTRAQ-based MS conventions (30,31). Use of this 
cut-off is based on the assumption that the estimated overall 
data variation from duplicate experiments is ≤30%. Gene 
Ontology analysis with PANTHER suggested that the majority 
of the DEPs were enzymes or signaling molecules, followed 
by cell development regulators and immune-related proteins 
(Fig. 2A-C). Using STRING analysis, we identified CRP as 
the most important node in the DEP network because it had 
the greatest connectivity (Fig. 2D).

Verification of aberrant CRP, SAA and C9 expression. To 
determine the reliability of the iTRAQ analysis data, we 
selected samples from the same sample set we analyzed in 
the iTRAQ experiments and employed ELISA assays to test 
the plasma levels of several of the most upregulated proteins, 
including CRP, SAA and C9. We examined 90 plasma samples 
from 30 LC, 30 AFP(-) HCC and 30 AFP(+) HCC individuals 
(Fig. 3A). The ELISA measured CRP, SAA and C9 levels were 
consistent with the iTRAQ results, as the plasma levels of all 
three DEPs were significantly higher in HCC subjects than in 
LC subjects (P<0.05, Fig. 3A).

We further tested the serum levels of CRP, C9 and 
SAA in all 284 plasma samples by ELISA (Fig. 3B). We 

Figure 2. Gene Ontology and STRING analysis. PANTHER analysis of proteins aberrantly expressed in HCC. Proteins were categorized by (A) biological 
process, (B) protein class and (C) molecular function. (D) STRING analysis.
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found that average CRP concentrations in the AFP(-) HCC 
(3932±277 ng/ml) and AFP(+) HCC (4860±384.3 ng/ml) groups 
were significantly higher than the CRP concentrations in the 
LC (2637±282.4 ng/ml, P<0.001), CHB (1810±177.9 ng/ml, 
P<0.0001) and healthy control (424.9±23.95 ng/ml, P<0.0001) 
groups (Fig. 3B). Similar trends were also observed in the 
SAA and C9 assays (Fig. 3B).

IHC analyses of tissue microarrays coincided with the 
results of the serum tests, indicating that CRP, SAA and 
C9 were significantly overexpressed in tumor tissues when 
compared to cirrhotic tissues (P<0.05) (Fig. 3C).

Diagnostic power of CRP. Our analysis indicated that 
CRP was the most important node in the DEP analysis, 

Figure 3. ELISA verification and immunohistochemistry of CRP, C9 and SAA. (A) ELISA verification of iTRAQ results. Samples tested were the same as 
those used in the iTRAQ experiments. (B) Cohort verification with ELISA. Plasma concentrations of CRP, C9 and SAA were determined in 284 plasma 
samples. (C) Human tissue microarray and immunohistochemical analysis of CRP, C9 and SAA proteins in cirrhotic and HCC tissues. Scale bar, 100 µm. Data 
are shown as mean ± SD, *P<0.05.
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and IHC analysis confirmed its overexpression in clinical 
samples. Therefore, we performed ROC analyses to address 
whether HCC diagnostic tests could be improved by using 
CRP expression or combined CRP and AFP expression as 
biomarkers for HCC diagnosis. According to our ROC results, 
the cut-off value to confirm a positive diagnosis of HCC was 
2361.82 ng/ml for CRP. The sensitivity and specificity for 
AFP(-) HCC subjects, AFP(+) HCC subjects, all subjects 
combined were 72.97 and 60%; 70 and 75.71 and 82.09 
and 73.33%, respectively (Fig. 4A-C). The positive predic-
tive values and negative predictive values for all subjects 
combined, AFP(-) HCC subjects and AFP(+) HCC subjects 
were 73.3 and 82.1%; 65.9 and 67.7%; and 71.2 and 74.6%, 
respectively. The plasma CRP levels of both the AFP(-) 
HCC group and all HCC patients combined had significantly 
higher predictive accuracy than the plasma CRP levels of 
the LC group. The area under ROC curve (AUC) of CRP in 
all HCC patients and AFP(-) HCC patients was 0.8642 (95% 
CI, 0.819-0.902, P<0.01), and 0.724 (95% CI, 0.643-0.795, 
P=0.0001), respectively (Fig. 4A and C). When combining 
CRP with AFP, the AUC was 0.873 (95% CI, 0.829-0.910, 
P<0.01), which was statistically higher than the AUC of AFP 
alone (AUC=0.812, 95% CI, 0.763-0.871, P<0.05) (Fig. 4D). 
It is important to emphasize that 65.9% of the patients with 
AFP(-) serum in the present study had elevated CRP.

CRP knockdown promotes HCC cell migration and invasion. 
To study the role of CRP in tumor cell motility, we silenced 

CRP expression in HCC cell lines with CRP-specific siRNA. 
According to western blot analysis, we found that each of 
the CRP-specific siRNAs significantly downregulated CRP 
expression in both HepG2 and BEL7402 cells (Fig. 5A). The 
assay showed that CRP-specific siRNAs significantly increased 
the invasion ability of BEL7402 cells and HepG2 by 47-52 and 
40-49%, respectively (P<0.05) (Fig. 5B). Additionally, we 
found that CRP-specific siRNA transfection of BEL7402 cells 
and HepG2 resulted in a 50-60 and 40-55% increase in wound 
healing, respectively (P<0.05) (Fig. 5B).

CRP knockdown promotes PY705-STAT3, MMP2 and MMP9 
protein expression. To examine the functional consequences 
of aberrant CRP expression, we analyzed the expression levels 
of the STAT3, pY705-STAT3, MMP2 and MMP9 proteins. 
These proteins are all known to participate in the pathogen-
esis of tumor metastasis (32,33). We found that CRP-siRNA 
transfection resulted in significantly increased expression of 
pY705-STAT3, MMP2 and MMP9 when compared to control 
siRNA in both HepG2 and BEL7402 cells (Fig. 6).

The roles of CRP in HBV replication and type I IFN-stimulated 
gene expression. Considering the prevalence of HBV 
infection in HCC patients, we investigated whether CRP 
expression level is associated with HBV viral load. We 
observed that CRP plasma levels were positively correlated 
with HBV-DNA copy number (Pearson r=0.571, P<0.05) 
(Fig. 7A). Additionally, CRP expression levels were higher in 

Figure 4. ROC analyses of CRP. (A) The receiver operating characteristic (ROC) curves of CRP in diagnosis HCC of AFP (-) subjects. (B) The receiver oper-
ating characteristic (ROC) curves of CRP in diagnosis HCC of AFP (+) subjects. (C) The receiver operating characteristic (ROC) curves of CRP in diagnosis 
HCC of all subjects. (D) The receiver operating characteristic (ROC) curves of combined CRP and AFP in diagnosis HCC of all subjects.
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the plasma of HBV-DNA positive patients than in HBV-DNA 
negative individuals (P<0.05) (Fig. 7A). To assess the effect 
of CRP expression level on HBV replication, we transfected 
HepG2.2.15 cells, which stably produce HBV-DNA, with 
CRP specific siRNA. CRP specific siRNA transfection 
resulted in successful knockdown of both intracellular and 
extracellular CRP (Fig. 7B). We found that the HBV-DNA 
titer decreased nearly 2-fold in the CRP-knockdown groups 
when compared the control group (Fig. 7C). Furthermore, we 
determined that CRP knockdown significantly suppressed 
the transcription of type I IFNs, which are known anti-viral 
cytokines, and resulted in significant inhibition of genes 
downstream of IFN, including OAS1, OAS2, OAS3, RNase L 
and ISG15 (P<0.05) (Fig. 7D).

Discussion

This functional and clinical proteomics study demonstrated 
that CRP is a promising diagnostic biomarker for AFP(-) and 
HBV-related HCCs. We observed that CRP has anti-HCC and 
anti-HBV activities, and that CRP is an indicator of cancer-
related inflammation and HBV infection in HCC.

CRP is an exquisitely sensitive marker of inflammation 
and tissue damage (34). Elevated CRP expression has been 
detected in ovarian (35), lung (36) and colon cancer (37). 
Based on recent studies, the serum CRP levels are correlated 
with the poor prognosis in many malignancies (37-39). While 
the molecular mechanism underlying tumor-related CRP 
elevation in HCC or other cancers remains unknown, several 

Figure 5. CRP plays important roles in the migration and invasion of HCC cells. (A) Inhibition efficiency evaluation. Cells were transfected with CRP-targeted 
siRNAs. Western blot analysis of intracellular CRP (Ic-CRP) and extracellular CRP (Ec-CRP) and their respective gray scale analysis results. (B) Invasion 
assays using CRP-knockdown cells. (C) Wound healing assays using CRP-knockdown cells. Representative images are shown. Scale bar, 100 µm. Data are 
shown as mean ± SD and *P<0.05.
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possible mechanisms have been proposed. For instance, cancer 
growth and tumor-host cell interaction could increase CRP 
levels (40). Additionally, CRP levels might reflect an inflam-
matory response activated as a secondary process in reaction 
to tumor necrosis or other local tissue damage. Moreover, 
cancer cells produce cytokines via autocrine pathways, such as 

IL-6 and IL-8, which in turn induce CRP production (41). The 
significance of inflammatory signaling through the STAT3 
pathway has been emphasized by numerous studies of HCC 
and other malignancies (32,33). This helps to contextualize the 
inhibitory role of CRP described by the presenr study as a host 
defense mechanism that acts in part by inhibiting STAT3 acti-

Figure 7. HBV replication and interferon (IFN) signaling related protein expression in CRP-knockdown HCC cells. (A) Correlation of CRP concentration and 
HBV-DNA copy number. (B) Relative expression of CRP in siRNA knockdown HepG2.2.15 cells. (C) Supernatant HBV copy numbers in the CRP-knockdown 
cells. (D) RT-PCR analysis of the expression of type I IFN and downstream IFN-stimulated genes.

Figure 6. Western blot analyses of STAT3, pY705-STAT3, MMP2 and MMP9. Protein levels from HepG2 cells transfected with CRP-specific or control 
siRNAs were analyzed by western blot analysis. Data are shown as mean ± SD, *P<0.05.
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vation and the downstream expression of MMP2 and MMP9. 
Furthermore, we demonstrated that CRP expression inhibits 
the migratory and invasive phenotypes of HCC cells.

We observed that serum CRP was positive in 73.3% of the 
HCC patients, and, more specifically, in 65.9% of the AFP(-) 
HCC patients. The sensitivity and specificity of CRP expres-
sion for HCC diagnosis in AFP(-) HCC subjects was 72.97 and 
60%, respectively. Additionally, the sensitivity and specificity 
of using combined CRP and AFP expression levels for HCC 
diagnosis (AUC=0.873) was a significant improvement over 
using AFP expression levels alone (AUC=0.812). Therefore, 
CRP could be a useful supplementary biomarker to AFP for 
HCC diagnosis, especially for AFP(-) HCC. CRP expression 
has rarely been linked to HBV infection. Intriguingly, we 
found a positive correlation between CRP expression and 
HBV viral load after analyzing the data of 80 chronic HBV 
infected patients. We further investigated the relationship of 
CRP and HBV with an in vitro model using HepG2.2.15 cells. 
The results of these experiments indicated that CRP serves 
as a pro-viral protein that promotes HBV replication and 
suppresses anti-viral cytokines.

Because they are both acute-phase proteins similar to CRP, 
studying the aberrant expression of the SAA and C9 proteins 
may help increase our understanding of HCC development 
(42,43). SAA is primarily generated by the liver in response 
to trauma, infection, inflammation or neoplastic stimuli. It can 
promote carcinogenesis by activating the transcriptional factor 
nuclear factor kappa-B (NF-κB) (44) and by inducing the 
expression of matrix metalloproteinase proteins (MMPs) (45). 
Li et al (46) reported that SAA affects cell growth and invasion 
by activating NF-κB and STAT3 signaling in human (HepG2) 
and mouse (H22) liver cancer cells.

C9 is the ninth member of the complement components 
involved in the formation of the membrane attack complex 
(MAC) (42). Preliminary studies indicate that HCV core 
proteins attenuate immunity against infection in part by inhib-
iting C9 and impairing the membrane attack complex (47). 
Previous proteomics investigations have identified the comple-
ment components (C3, C5 and C9) as major serum proteins 
overexpressed in variety of cancers, including familial 
aggregative HCC (48,49). However, Ferrin et al (50) recently 
reported that C9 was downregulated in HCV-infected HCC 
patients, therefore, the role of C9 in liver tumorigenesis needs 
further study.

Collectively, we demonstrated a quantitative proteomic 
profiles of cirrhosis, AFP (-) HBV-associated HCC and AFP 
(+) HBV-associated HCC. We revealed the correlation between 
the serum CRP levels and AFP negative HCC patients, and 
suggest that CRP might participate in the HBV replication. 
The lack of smaller (<3 cm) HCCs, necessitates collection of  
further tissues and to study the relation between CRP and the 
smaller (<3 cm) HCCs, as our data need further validation 
with a larger cohort.
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