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Introduction 
Chronic infection with hepatitis B virus (HBV) is a common 
and serious liver disease that affects individuals worldwide.  
Current treatment of chronic hepatitis B is disappointingly 
limited.  It is reported that there are more than 2 billion HBV 
carriers at present globally, and among them, about 360 mil-
lion patients suffer from chronic hepatitis, cirrhosis or hepato-
cellular carcinoma (HCC)[1, 2].  

RCOR3 is a member of the REST (repressor element-1-
silencing transcription factor) corepressor (CoREST) family 
that functions as a corepressor for REST, which regulates neu-
ronal gene expression and determines the fate of neural stem 
cells.  The CoREST family consists of RCOR1, also known as 
CoREST, RCOR2, and RCOR3.  REST (also known as neuron-

restrictive silencer factor, NRSF) is an essential vertebrate zinc 
finger transcription factor[3], which can bind to the conserva-
tive sequence of neuron-restrictive silencer element DNA 
(NRSE DNA)[4].  The REST gene is highly expressed in non-
neuronal cells and neuronal precursor cells, but it is expressed 
much less in differentiated neurons[5].  

To date, it has been shown that REST does not work in-
dependently.  The dynamic and multiplex function of REST is 
achieved through the REST-dependent recruitment of distinct 
modular macromolecular complexes.  Thus, REST serves as 
a hub for recruiting multiple chromatin-modifying proteins, 
including multiple histone deacetylases (HDACs) and lysine 
specific demethylases (LSD; for example, LSD1)[6–8].  The 
N-terminal domain of NRSF can combine with mSin3A/B, 
and the C-terminal domain can bind to CoREST[9, 10].  The his-
tone modifiers are able to interact directly with either REST or 
its corepressors, such as CoREST[11] or mSin3[9, 12–14], and thus 
block the transcription of certain genes[15].  
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In a previous study, we obtained the gene expression pro-
file of livers from mice in a concanavalin A (ConA)-induced 
hepatitis model by GeneChip array[16, 17].  ConA-induced 
hepatic injury in mice has long been established as a model 
of immunologically induced hepatocyte injury because its 
histological features highly resemble those of viral or drug-
induced acute hepatitis in humans[18].  The hepatocyte injury is 
associated with massive hepatocellular degeneration and lym-
phoid infiltration of the liver[19].  The hepatic injury induced by 
ConA depends mainly upon T-cell activation[20], which raises 
the plasma levels of various cytokines such as tumor necro-
sis factor-alpha (TNF-α), interferon (IFN)-γ, interleukin (IL)-
6, etc[21].  Hence, we used the ConA-induced hepatitis model 
and selected microarray to explore the pathogenic mechanism 
of human fulminant hepatitis.  In this study, 26 differentially 
expressed genes associated with hepatitis B were selected.  
However, only the expression of RCOR3 attracted our inter-
est, for RCOR3 was suitable to be used as a biomarker.  Con-
sidering the clinical significance of RCOR3 remains largely 
unknown, we herein studied the serum RCOR3 levels of 
patients with hepatitis B to explore the potential correla-
tion between serum RCOR3 and the outcome of hepatitis B 
patients.

Materials and methods
ConA-induced hepatitis model in mice
Male BALB/c mice, weighing about 25 g, were housed under 
standard animal laboratory conditions in the Animal Center 
of Zhejiang Academy of Medical Sciences.  This study was 
approved by the local Ethical Committee of the Academy.  
The mice were subjected to a tail vein injection of ConA (type 
V, Sigma Chemical Co, USA) at 20 mg/kg body weight, and 
phosphate-buffered saline (PBS) was used as a control.  The 
mice were sacrificed at 1, 3, or 6 h separately.  All animals 
received humane care in accordance with the guidelines estab-
lished by the National Science Council of China.  Mouse liver 
samples were collected and fixed in 4% phosphate-buffered 
paraformaldehyde.  Paraffin tissue sections were prepared and 
subjected to hematoxylin-eosin (H&E) staining for standard 
histological examination.  The extent of liver injury was also 
evaluated by determining serum ALT, AST, STB, and LDH 
using the standard Reitman-Frankel method.  The results can 
be seen in our previous articles[16, 17].

Microarray analysis
Total RNA extracted from mouse liver samples was reverse 
transcribed and labeled with biotin.  The biotinylated cDNAs 
were then hybridized to 12 individual Affymetrix GeneChips 
Mouse 430 2.0 Arrays (Affymetrix, Inc, Santa Clara, CA, USA), 
which contain 45101 probes in total according to the manu-
facturer’s instructions.  Significant differentially expressed 
genes at each time point were filtered by analysis of vari-
ance (ANOVA) and corrected by the random variance model 
(RVM)[22].  To assess whether the significance of one particular 
sample occurred by random chance, the false discovery rate 
(FDR) was estimated to determine whether the differences of 

certain genes were truly significant by repeating the compari-
son test and the permutation test 1000 times.  A P-value<0.05 
and FDR<0.05 were considered the threshold for true signifi-
cance.

Real-time PCR 
The original amount of RCOR3 mRNA was measured by real-
time PCR with a SYBR Green PCR Kit (Applied Biosystems, 
Foster City, CA, USA) using the ABI PRISM 7900 sequence 
detector (Applied Biosystems, Foster City, CA, USA).  A vol-
ume of 20 µL of amplification reactions contained 2×SYBR 
Green Realtime PCR Master Mix, 0.4 μmol/L primers, and 1 
μL of template cDNA.  The mRNA of the housekeeping gene 
β-actin was used as an endogenous control.  The sequences 
for the primers used are as follows: RCOR3 forward primer, 
5’-AGTATCCCAGATGCCAAAT-3’; RCOR3 reverse primer, 
5’-GGAAAGGGCGTGAAGTTA-3’; β-actin forward primer, 
5’-CGTTGACATCCGTAAAGACC-3’; and β-actin reverse 
primer, 5’-AACAGTCCGCCTAGAAGCAC-3’.  Thermal cycl-
ing was carried out for 5 min at 95 °C, followed by 40 cycles 
of 30 s at 95 °C, 30 s at 57 °C, and 30 s at 72 °C.  We performed 
the PCR amplifications in duplicate for each sample and the 
expression of RCOR3 was normalized against β-actin.  Analy-
sis of variance (ANOVA) was used to compare the differences 
of gene expression levels between groups.  A P-value<0.05 
was considered statistically significant.  

Patients and samples 
One hundred and seventy-seven patients with hepatitis B were 
selected from the Infectious Department of the First Affiliated 
Hospital of College of Medicine, Zhejiang University, referring 
to the guideline of prevention and treatment for chronic hepa-
titis B (2010 version)[23].  Thirty-four healthy people who had 
undertaken a medical examination in 2009 at the First Affili-
ated Hospital of College of Medicine, Zhejiang University, 
were included as the control group.  The demographic charac-
teristics of all subjects are summarized in Table 1.  All patients 
provided informed consent prior to participating in the study; 
the experimental protocols used in this study were approved 
by the Ethics Committee of the First Affiliated Hospital of Col-
lege of Medicine, Zhejiang University.  

ELISA 
Commercially available ELISA kits (Groundwork Biotechnol-

Table 1.  Demographic of subjects.

             
Group                                    n

     Gender                   Age
                                      Male    Female      (Mean±SD)
 
Health  control 34 11 23          26.74±5.71
Mild chronic hepatitis B 25 18   7 32.80±9.74
Moderate chronic hepatitis B 38 23  15 36.34±9.55
Severe hepatitis B 24 21   3 40.88±10.76
Cirrhosis  60 43 17 50.10±10.74
Liver cancer 30 29   1 56.13±11.84
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ogy Diagnosticate Ltd) were utilized to determine serum lev-
els of human RCOR3 following the manufacturer’s instruction.  
ELISA samples were read at the wavelength of 450 nm and a 
standard curve was constructed using the OD values.  Assays 
were performed in duplicate.

Statistical analysis 
All of the data were processed by SPSS 13.0 software and pre-
sented as means±SD.  An ANOVA and LSD test were used 
for comparisons among the groups and between paired data, 
respectively.  When the data were not normally distributed, 
the Mann-Whitney U test and the one-way non parametric 
ANOVA (Kruskal Wallis test) were used to compare quantita-
tive variables between two groups of observation and in more 
than two groups of data, respectively. Spearman rank correla-
tion test was used for correlation analysis.  

Results
Expression of RCOR3 in ConA-induced mouse hepatitis
A GeneChip array was performed to screen differentially 
expressed genes in a model of ConA-induced mouse hepatitis.  
The data were analyzed by ANOVA and corrected with the 
randomized variance model.  As a result, 1473 genes with sig-
nificant P-values and a false discovery rate (FDR) of less than 
0.05 were identified; among these genes, we selected 26 dif-
ferentially expressed genes that were associated with hepatitis 
B.  However, other genes, with the exception of RCOR3, were 
either validated to be meaningless or not secretory proteins 
and cannot be used as biomarkers.  The expression of RCOR3 
attracted our interest, and its differential expression was very 
notable.  Intriguingly, the expression of RCOR3 was decreased 
at 1 h and 3 h post ConA exposure, but increased at the 6 h 
time point (Figure 1).

Validation of RCOR3 expression by real-time PCR
Real-time PCR was performed to verify the expression of 
RCOR3 in a model of ConA-induced mouse hepatitis.  As 
shown in Figure 2, RCOR3 mRNA was significantly induced at 
the 6 h time point in comparison with the 0 h group (P<0.05).  

Meanwhile, there was a significant increase in the mRNA level 
of RCOR3 at the 3 h and 6 h time points compared with the 1 h 
group (P<0.05 and P<0.01, respectively), and these results (Fig-
ure 2) showed some differences in comparison with the results 
of the GeneChips Arrays, which showed that the expression 
of RCOR3 was decreased at 1 h and 3 h post ConA exposure, 
but increased at the 6 h time point.  However, the mRNA level 
of RCOR3 in real-time PCR array was significantly reduced 
at the 1 h time point, but was induced in the liver after ConA 
exposure at the 3 h and 6 h time points in comparison with the 
0 h group.  Despite the minor difference with the results of the 
GeneChips Arrays, the overall trend was that the mRNA level 
of RCOR3 was reduced early after ConA exposure and then 
induced after 6 h of exposure.

Comparison of hepatitis-associated markers among patients 
with hepatitis B 
As shown in Table 2, the serum ALT levels of mild chronic 
hepatitis B patients, moderate chronic hepatitis B patients,  
severe hepatitis B (SHB) patients, cirrhosis patients and 
HCC patients were significantly increased compared with 
the healthy control group.  Meanwhile, there was a signifi-
cant increase in serum ALT levels in patients with moderate 
chronic hepatitis B and SHB in comparison with patients with 
mild chronic hepatitis B.  Moreover, serum ALT levels in cir-
rhosis and liver cancer patients remarkably declined compared 
with moderate chronic hepatitis B patients and severe hepatitis 
patients.  Compared with the healthy control group, the serum 
AST levels of mild chronic hepatitis B patients, moderate 
chronic hepatitis B patients, SHB patients, cirrhosis patients 
and HCC patients were evidently increased.  Meanwhile, 
there was a significant increase in serum AST levels in patients 
with moderate chronic hepatitis B, SHB, cirrhosis and liver 
cancer in comparison with patients with mild chronic hepa-
titis B.  In addition, the serum TB levels in moderate chronic 
hepatitis B patients, SHB patients, cirrhosis patients and HCC 
patients were significantly higher than that of the healthy con-
trol group.  An increase of serum TB levels in patients with 
moderate chronic hepatitis B, SHB, cirrhosis and liver cancer 

Figure 1.  GeneChip array data on the expression of RCOR3 in a model of 
ConA-induced mouse hepatitis at the indicated time points.  The horizontal 
axis represents time, and the vertical axis shows the mRNA levels of 
RCOR3.  cP<0.01 compared with the 0 h group; fP<0.01 compared with 
the 1 h group; iP<0.01 compared with the 3 h group.  

Figure 2.  Real-time PCR validation of RCOR3 expression in a model 
of ConA-induced mouse hepatitis at the indicated time points.  The 
horizontal axis represents time, and the vertical axis shows the mRNA 
levels of RCOR3.  cP<0.01 compared with the 0 h group; eP<0.05,   
fP<0.01 compared with the 1 h group.  
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was observed in comparison with the mild chronic hepatitis B 
patients.  In comparison with the moderate chronic hepatitis B 
patients, the serum TB levels of SHB, cirrhosis and liver cancer 
patients were remarkably increased.  Moreover, the serum 
TB levels in cirrhosis and liver cancer patients  remarkably 
declined compared with severe hepatitis patients.

Serum RCOR3 levels in patients with hepatitis B
As shown in Table 3, there was no significant difference in 
serum RCOR3 levels between the mild chronic hepatitis B 
patients and the healthy control group.  However, compared 
with the healthy control group, the serum RCOR3 levels were 
significantly increased in patients with moderate chronic hep-
atitis B and significantly decreased in patients with SHB, cir-
rhosis and HCC.  Moreover, the serum RCOR3 levels in SHB, 
cirrhosis and liver cancer patients remarkably declined com-
pared with the moderate chronic hepatitis B patients and mild 
chronic hepatitis B patients.  Taken together, serum RCOR3 
levels were increased in patients with mild chronic hepatitis 
B and moderate chronic hepatitis B and were decreased in 
patients with SHB, cirrhosis and liver cancer.  

Correlation of serum RCOR3 and hepatitis B-associated serum 
markers
As shown in Table 4, rank correlation analysis demonstrated 
that there was a significant correlation between serum RCOR3 
and TB (r=-0.305, P<0.01), while there was no significant cor-

relation between ROCR3 and ALT (r=0.014, P>0.05) or AST 
(r=-0.079, P>0.05).  

Discussion  
REST, also known as NRSF or X box repressor (XBR), is the 
first identified system-wide transcription repressor implicated 
in vertebrate neuronal development[4, 24–27].  However, more 
and more studies have provided evidence that REST plays an 
essential role in non-neuronal tissues[28] by functioning as a 
transcription silencer or activator[29–34].  For example, REST was 
reported to be a critical regulator in medulloblastoma cells 
and may serve as a therapeutic target for medulloblastoma[35].  
The profound context-specificity of the functional repertoire 
of REST is further highlighted by its dual role as a tumor sup-
pressor and oncoprotein[36–38].

The results of the GeneChip Arrays and real-time PCR indi-
cated that the mRNA level of RCOR3 was initially reduced 
and then subsequently induced following ConA treatment.  
However, an RCOR3 ELISA on human serum showed that 
RCOR3 levels were initially induced and then reduced.  It is 
possible that different samples and distinct RCOR3 detection 
methods (mouse liver tissue for GeneChip Arrays and real-
time PCR; human plasma for ELISA) are responsible for the 
observed differences in RCOR3 levels.

RCOR3 is a member of the CoREST family and functions 
as a corepressor for REST, which mediates repression by 
REST.  The significant increase of serum RCOR3 levels in mild 
chronic hepatitis B or moderate chronic hepatitis B patients in 
comparison with normal cases indicates the enhanced func-
tion of RCOR3 at the very early stage of hepatitis B, which 

Table 3.  Serum RCOR3 levels in HBV patients (mean±SD).

              Group                                       n       RCOR3 (ng/mL)
 
 Health control  34 1.21±0.34
 Mild chronic hepatitis B 25 1.68±1.13
 Moderate chronic hepatitis B 38          1.68±0.57c

 Severe hepatitis B 24 0.92±0.43cfi

 Cirrhosis 60 0.95±0.42cfi

 Hepatocellular carcinoma 30 1.03±0.35cfi

cP<0.01 compared with health control; fP<0.01 compared with mild 
chronic; iP<0.01 compared with moderate chronic.  RCOR3, REST 
corepressor 3.

Table 4.  Correlation between serum RCOR3 and hepatitis B-associated 
markers in HBV patients.

     Characteristics                        r value                                  P value    
 
 ALT       0.014      >0.05
 AST      -0.079      >0.05
 TB      -0.305      <0.01

ALT, alanine transaminase; AST, aspartate transaminase; TB, total 
bilirubin.

Table 2.  Levels of hepatitis-associated serum markers in ConA-induced mice hepatitis (mean±SD).

                Group                                              n                                   ALT                                AST                               TB    
 
 Health control  34   15.26±7.71   20.04±4.82    13.11±4.95
 Mild chronic hepatitis B 25   88.33±94.98c        58.5±39.68c     13.19±4.97
 Moderate chronic hepatitis B 38 280.84±428.22cf 153.47±301.69cf    25.41±23.06cf

 Severe hepatitis B 24 211.12±245.81ce 198.83±234.68cf 305.04±123.80cfi

 Cirrhosis  60   73.92±76.19cil   103.8±102.28cf 101.37±126.82cfil

 Liver cancer 30   94.22±119.36cil 102.78±69.40cf    78.78±126.42cfhl

cP<0.01 compared with health control; eP<0.05, fP<0.01 compared with mild chronic hepatitis B; hP<0.05, iP<0.01 compared with moderate chronic 
hepatitis B; lP<0.01 compared with severe hepatitis B.  ALT, alanine transaminase; AST, aspartate transaminase; TB, total bilirubin.
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may lead to the repression of certain genes and thus be helpful 
to inhibit the progression of the disease.  However, the sig-
nificant decline of serum RCOR3 levels in patients with SHB, 
cirrhosis and HCC with the development of disease indicates 
the impaired function of RCOR3, which may aggravate certain 
diseases.  

To summarize, our data showed that serum RCOR3 levels 
may reflect the degree of liver damage, and the assessment of 
serum RCOR3 in patients with hepatitis B could be helpful to 
the classification and intervention of the disease.  Compared 
with the most common serum markers of hepatitis, such as 
ALT, AST, or TB, RCOR3 might be a more ideal biomarker 
that reflects the process or outcome of HB because the varia-
tion in ALT, AST or TB levels is rather intensive among the HB 
patients.  This study also provides new insights into the poten-
tial role of the NRSE-NRSF system in non-neuronal tissues at 
both the physiological and pathological conditions.  Neverthe-
less, the role of RCOR3 (REST) in the development of hepati-
tis B remains obscure.  More systematic and comprehensive 
investigations are still needed to deepen our understanding on 
the biological significance of RCOR3.  In future research, we 
would like to explore the mechanisms of how RCOR3 (REST) 
participates in the development of hepatitis B.  Because REST 
regulates different groups of target genes in different cell 
types[39], we intend to identify the potential REST targets and 
test whether liver injury could be reversed by interfering with 
the expression of RCOR3.  
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