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mRNA expression of glucocorticoid receptor and serological
and virological markers of chronic hepatitis B
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Abstract. Glucocorticoid receptor (GR) function is essential
for glucocorticoid action on various effector cells. The aim
of the present study was to investigate the mRNA expression
profiles of GRa and GRp in peripheral blood mononuclear
cells (PBMC) and examine the association between the
expression levels of the GR isoforms and the serological
and virological hepatitis B virus (HBV) status in patients
with chronic hepatitis B (CHB). A total of 29 CHB patients
were examined in the present study, which were divided into
subgroups according to serological and virological markers.
The levels of GRa and GRp in PBMCs, HBV viral loads,
HBYV surface antigen (HBsAg), HBV e antigen (HBeAg) and
pre-S1Ag were measured. A total of 43 healthy individuals
served as controls. GRa was present in the PBMCs of all
CHB patients and healthy controls, whereas GRf-specific
products were present in only 93.1% of the CHB patients and
86.0% of the healthy controls. The GRa levels were positively
correlated with the expression of GRf in the CHB patients
(r=0.419; P<0.05) and were significantly lower compared
with those observed in the healthy controls (60.51+23.73, vs.
100.00+40.75; P<0.001). Compared with the healthy controls,
significant differences were observed in the mRNA expression
of GRa in the CHB patients when stratified according to the
HBeAg, pre-S1Ag and HBV viral load status (P<0.05), but not
in the pre-S1Ag-positive patients. These data demonstrated
that the mRNA expression profile of GRa differed between the
CHB patients and the healthy controls. In addition, the HBV
serological and virological markers were not associated with
the mRNA levels of the GR isoforms in the CHB patients.
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Introduction

Hepatitis B virus (HBV) infection is one of the major causes
of liver inflammation. Epidemiological data indicate that
~15-20% of the population in Asia and the Western Pacific
are affected by HBV (1). In susceptible individuals, primary
HBYV infection can be either symptomatic or asymptomatic
and the majority of primary infections are self-limiting, with
clearance of the virus and development of lasting immu-
nity (2). However, an estimated 3-5% of adults and up to 95%
of children develop chronic HBV infection, which can also be
either symptomatic or asymptomatic (3,4). Therefore, it is not
uncommon for hepatologists to encounter patients carrying an
underlying, unnoticed hepatitis B infection requiring gluco-
corticoid treatment.

The reactivation of HBV is a common and well-recog-
nized complication in patients with chronic HBV infection
receiving cytotoxic or immunosuppressive therapy (5,6). The
risk of HBV reactivation is particularly high in areas where
HBYV is endemic, including Asia and the Western Pacific.
Glucocorticoids, a component of the partial therapeutic
procedure for chronic hepatitis B (CHB), are implicated
as an important predisposing factor for HBV reactivation.
In addition, long-term glucocorticoid treatment in patients
with CHB increases the levels of hepatitis B virus surface
antigen (HBsAg), hepatitis B virus core antigen and HBV
DNA in hepatocytes (7). These observations of reactivation
of latent infection and increasing levels of HBV markers
during glucocorticoid therapy in CHB patients suggest that
glucocorticoids affect HBV replication and gene expression
in vivo.

The glucocorticoid receptor (GR) is essential for glucocor-
ticoid action on various effector cells. In humans, alternative
splicing of GR pre-mRNA generates two highly homologous
isoforms, GRa. and GRpP (8). GRa is a ligand-activated
transcription factor, which regulates the expression of
glucocorticoid-responsive genes by binding to a specific
glucocorticoid-responsive element (GRE) DNA sequences.
By contrast, GRf is transcriptionally inactive, does not bind
to glucocorticoid and may be an endogenous inhibitor of
glucocorticoid action and an important negative regulator
determining glucocorticoid sensitivity (9,10). The stimulatory
effect of glucocorticoids on the production of HBV markers is
mediated through specific GRs (11). It has been demonstrated
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that GRa binds to a restriction fragment of the HBV genome
containing the GRE consensus sequence and transmits a
signal for augmenting the glucocorticoid-dependent activity of
the HBV enhancer (12).

To the best of our knowledge, the mechanisms underlying
the association between glucocorticoids and potentially fatal
HBV reactivation remain to be fully elucidated, as do the
expression profiles of the two GR isoforms in CHB patients. In
the present study, the mRNA expression levels of GRa and -3
in peripheral blood mononuclear cells (PBMC) from CHB
patients and healthy controls were examined. In addition, the
correlation between the mRNA expression of the GR isoforms
and HBV serological and virological characteristics in patients
with CHB was examined.

Materials and methods

Study subjects. A total of 29 patients were recruited from
the Department of Infectious Diseases at Jingzhou Hospital
(Jingzhou, China). The diagnosis of CHB was based on the
Guidelines for the Prevention and Treatment of CHB (13). No
patients had evidence of decompensated liver disease or hepato-
cellular carcinoma and no markers for autoimmune liver disease,
including antinuclear antibody, smooth muscle antibody and
liver-kidney microsome type 1 autoantibody, were detected. All
patients also tested negative for other viral infections, including
hepatitis A virus, hepatitis C virus, hepatitis E virus, human
immunodeficiency virus, cytomegalovirus and Epstein-Barr
virus, had never received antiviral treatment or immunotherapy
and had not received glucocorticoids for >six months prior to
blood collection. The control group consisted of 43 healthy
individuals who were selected based on medical history evalu-
ation and physical and laboratory examination from the Health
Examination Center of the same hospital. The characteristics of
the CHB patients and healthy controls are listed in Table 1. All
individuals provided written consent prior to their inclusion in
the study and the study protocol was approved by the Medical
Ethics Committee of Jingzhou Hospital.

Serological markers and HBV DNA assay. The levels of
HBsAg and HBeAg were assessed through enzyme-linked
immunoassays using diagnostic kits for hepatitis B virus
surface antigen and e antigen, respectively (Wantai Biological
Pharmacy Enterprise Co., Ltd., Beijing, China). Pre-S1Ag was
also detected using a diagnostic kit for hepatitis B virus pre-S1
antigen (Alpha Biotechnology, Shanghai, China). The HBV
DNA was extracted from 100 ul patient serum using DNA
extraction reagents in the diagnostic kit for hepatitis B virus
DNA (Daan Gene, Guangzhou, China) according to the manu-
facturer's instructions. The viral load of the HBV DNA in the
serum samples was then quantified through a high-sensitivity
fluorescent quantitative polymerase chain reaction (QPCR) using
a diagnostic kit for hepatitis B virus DNA (Daan Gene) and
amplified using an ABI 7300 instrument (Applied Biosystems,
Carlsbad, CA, USA). Each 50-p1 reaction contained 2 ul sample
extracts (template). Following initial heating at 93°C for 2 min,
the samples were subjected to 10 cycles of denaturation at 93°C
for 45 sec followed by annealing and synthesis for 1 min at 55°C
and 30 cycles of denaturation at 93°C for 30 sec followed by
annealing and synthesis for 45 sec at 55°C.
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Table I. Clinical, serological and virological markers in healthy
controls and in CHB patients.

Markers Controls CHB patients
Number (n) 43 29
Gender (male/female) 26/17 18/11

Age (years) 30 (21-36) 35 (25-42)
ALT (IUn) 22.7 (13-40) 116.1 (92-157)
HBV eAg (+/-) 0/43 13/16
HBV pre-S1Ag (+/-) 0/43 12/17
Viral load (log copies/ml) NT 6.48 (4.04-8.73)

CHB, chronic hepatitis B; ALT, alanine transaminase; HBV, hepa-
titis B virus; NT, not detected. For age, ALT and viral load, the median
(range) for each group is shown.

Isolation of PBMCs. Blood (5 ml) was obtained by venipuncture
into heparinized tubes. The PBMCs were isolated via density
gradient centrifugation using Ficoll-Paque plus (Amersham
Pharmacia Biotechnology, Uppsala, Sweden) according to
the manufacturer's instructions. Cells were resuspended in
RBC lysis buffer (123 mmol/l NH,Cl, 8 mmol/l KHCO,, and
25 umol/l EDTA) to lyse the remaining red blood cells, which
were then collected by centrifugation at 300 x g for 10 min.

RNA isolation and reverse transcription (RT)-gPCR. All
procedures for RNA isolation were performed immediately
for all samples. The RNA extraction was performed using
the RNAiso Plus kit (Takara Biotechnology, Tokyo, Japan)
according to the manufacturer's instructions. A cell suspen-
sion of 5x10° PBMCs was dissolved in 2 ml extraction reagent.
The concentration of RNA was measured using a UV-1750
spectrophotometer (Shimadzu, Tokyo, Japan). All samples
had a 260/280 absorbance ratio of ~2.0. The RNA integrity
was determined by the presence of an 18S rRNA band when
samples were analyzed by agarose gel electrophoresis running
for 30 min with constant voltage (100 V) on Wide Mini-Sub®
Cell GT electrophoresis system (Bio-Rad Laboratories, Segrate,
Italy). Prior to RT, all RNA samples were treated with DNAse
I (Invitrogen Life Technologies, Carlsbad, CA, USA) to remove
any contaminating genomic DNA. cDNA was synthesized from
500 ng RNA and RT was performed using oligo-dT primers and
an PrimeScript RT reagent kit (Takara Biotechnology, Dalian,
China) according to the manufacturer's instructions. The RNA
and cDNA samples were stored at -80°C until use.

gPCR was performed for the GRa and GRf splice vari-
ants using the common upstream primer: 5-AAACTCTT
GGATTCTATGCATGAA-3' and the specific downstream
primers: GRa,, 5-TATTAATTCGACTTTCTTTAAGGCAA-3'
and GRpP, 5'-CCACGTATCCTAAAAGGGCAC-3',
described by Boullu-Ciocca et al (14). Human GAPDH,
which served as a normalization control to correct for
loading discrepancies, was amplified from the same cDNA
samples using the following primers: upstream primer,
5'-GAAGGTGAAGGTCGGAGTC-3' and downstream primer,
5-GAAGATGGTGATGGGATTTC-3'". The Taq Man probes
used were 5-ATTCCCCGAGATGTTAGCTGAAATCA-3',
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5'-TCTTGGCGCTCAAAAAATAGAACTCA-3' and
5'-CAAGCTTCCCGTTCTCAGCC-3' for GRa, GRp and
GAPDH, respectively. All primers and probes were synthe-
sized by Takara Biotechnology (Dalian, China) The reaction
contained 3 pul cDNA template, 25 ul 2x Premix Ex™ Taq
reagent, 1 ul 50x 5-carboxy-X-rhodamine reference dye (ROX),
0.2 pmol/ul forward and reverse primer and 0.4 pmol/ul probe.
Water was added to obtain a total volume of 50 ul. The reac-
tions were performed using an ABI 7300 instrument (Applied
Biosystems). The PCR cycling program consisted of a hot start
activation step at 95°C for 30 sec followed by 40 amplifica-
tion cycles at 95°C for 5 sec and 60°C for 31 sec. The relative
quantification of target gene expression was evaluated using
the comparative CT method, as previously described by
Hettinger e al (15). The ACT value was calculated by subtracting
the target CT of each sample from its own GAPDH CT value.
The AACT values were determined by using the highest sample
ACT value as an arbitrary constant to subtract from the ACT
values of all other samples. Fold-changes in the target gene
expression were equivalent to 2-44€T,

Statistical analysis. The results are expressed as the
mean + standard deviation. All data were tested for a normal
distribution using the Kolmogorov-Smirnov test. Statistical
analysis of the data was evaluated using the one-way analysis
of variance (ANOVA) or Student's t-test, as appropriate.
In cases where the data was not normally distributed, a
Mann-Whitney U test or a Kruskal-Wallis ANOVA with
Dunn's method was used. The degree of association between
the variables was assessed using Pearson's correlation. All
statistical analyses were performed using SPSS v12.0 (SPSS,
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

mRNA expression of GR isoforms in the PBMCs. The mRNA
expression of the GRa and GRp transcripts in the PBMCs of
29 CHB patients and 43 healthy controls were analyzed by
RT-qPCR. The RT-PCR products of GRa were detected in
the PBMC:s of all patients and healthy controls, whereas the
GRp-specific products were only found in certain samples. Of
the subjects tested, GRf mRNA was detected in the RNA from
the PBMC:s of 27 CHB patients (93.1%) and 37 healthy controls
(86.0%). The incidence of GRf3 expression in patients with CHB
was similar to that in the healthy controls (P>0.05).

Quantitative analysis of the mRNA expression of GR isoforms.
The mean expression levels of GRa were significantly different
between the CHB patients and healthy controls (P<0.001) and
were significantly lower in the CHB patients (60.51+23.73)
compared with those in the healthy controls (100.00+40.75;
Table II). However, no significant differences were observed in
the mRNA expression levels of GR} between the CHB patients
and healthy controls (0.11+£0.08, vs. 0.17+0.13; P=0.061). No
significant correlation was observed in the RNA levels between
the two splice variants in healthy controls (P>0.05; Fig. 1A).
However, a significant positive correlation was observed between
the GRa levels and the expression of GRf in the PBMCs of
patients with CHB (r=0.419; P<0.05; Fig. 1B).
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Table II. mRNA levels of GRa and GRp in the PBMCs of
healthy controls and CHB patients.

Controls CHB patients
mRNA (n=43) (n=29) P-value
GRa 100.00+40.75 60.51+23.73 <0.001
GRp 0.17+£0.13 0.11+0.08 0.061

All mRNA levels were determined as a percentage of the mRNA levels
of GRa in the PBMCs of healthy controls. Data are expressed as the
mean + standard deviation. GR3 mRNA was undetected in the PBMCs
of 6 healthy controls and 2 CHB patients. GR, glucocorticoid receptor;
PMBC, peripheral blood mononuclear cell; CHB, chronic hepatitis B.
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Figure 1. Correlation between the mRNA expression levels of GRa and
GRS in the peripheral blood mononuclear cells of (A) healthy controls and
(B) chronic hepatitis B patients. All values are expressed as percentages
relative to the mRNA levels of GRa in the healthy controls. No significant
correlation was detected between mRNA expression levels of GRa and GRf
in healthy controls (r=0.280; P>0.05). However, a significant positive cor-
relation was observed between mRNA expression levels of GRa and GRf
in patients with chronic hepatitis B (r=0.419; P<0.05). GR, glucocorticoid
receptor; N.S., not significant.

Association between the mRNA expression levels of the GR
isoforms and serum HBV markers. Compared with the healthy
controls, lower mRNA levels of GR were observed in the CHB
patients, who were further divided into subgroups according to
their serum HBV marker status. The PBMC expression of GRa
was significantly reduced in the HBeAg-positive patients (n=13)
and HBeAg-negative patients (n=16) compared with those in
the healthy controls (P<0.05; Fig. 2A). Regarding the pre-S1Ag
status, however, only HBV pre-S1Ag-negative patients (n=17)
exhibited a significant decrease in GRa mRNA relative to the
healthy controls (P<0.05; Fig. 2B). The GR3 mRNA values in the
PBMCs were not associated with the serum HBV marker status
of the patients and no significant differences were observed in
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Figure 2. mRNA expression levels of (A and B) GRa and (C and D) GRf in the peripheral blood mononuclear cells of chronic hepatitis B patients (stratified
according to HBeAg and pre-S1Ag status) and healthy controls. Boxes represent the interquartile range, solid lines in the boxes represent the medians and bars
represent the minimum and maximum observations. Compared with the healthy control, significantly reduced expression of GRa mRNA was observed in the
HBeAg-positive, HBeAg-negative and pre-S1Ag-negative patients. ‘P<0.05. GR, glucocorticoid receptor; HBeAG, hepatitis B e antigen.
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Figure 3. mRNA expression levels of (A) GRa and (B) GRp in the peripheral blood mononuclear cells of chronic hepatitis B patients, stratified according to
serum HBV viral load status. The boxes represent the interquartile range, the solid lines in the boxes represent the medians and the bars represent the range.
Compared with the healthy control, significantly reduced expression of GRae mRNA was observed in patients with serum HBV viral loads of 10*-10° copies/ml
and >10° copies/ml. "P<0.05. GR, glucocorticoid receptor; HBV, hepatitis B virus.

the expression of GR between the patient subgroups and the
healthy controls (P>0.05; Fig. 2C and D).

Association between the mRNA expression levels of the GR
isoforms and HBV viral loads. The CHB patients were divided
into two sub-groups according to their levels of serum HBV
DNA of 1x10*-10° copies/ml (n=10) and >1x10° copies/ml
(n=19). Compared with the healthy controls, the mRNA expres-
sion of GRa was significantly decreased in the patients of the
two subgroups (P<0.05; Fig. 3A). However, no significant differ-
ence was observed in the mRNA expression of GRf between
the controls and either the 1x10*-10° copies/ml or the >1x10°

copies/ml subgroup (P>0.05; Fig. 3B). In terms of the associa-
tion between serum HBV viral load and the GR mRNA levels,
no correlation was observed in the HBV DNA-positive patients,
as demonstrated by the HBV viral load and the mRNA expres-
sion levels in the CHB patients (Fig. 4A and B).

Discussion

GRa and GR mRNA are generated by alternative splicing of
common GR gene transcripts, which contain exon 9a and 9b
gene transcripts. GRa is a ligand-activated transcription
factor, whereas GRf may be an endogenous inhibitor of



MOLECULAR MEDICINE REPORTS 11: 2215-2220, 2015

A 150
r=0.004
NS,
2
= 100 @ [ -
z .
2 . .
:‘ . s . -
= L]
= ¢ . . . * .
- - . .
o 501 o W
O . .
. * ~
o

Log HBV-DNA copies

2219

r=0.131
NS,

04

021 o .

GR beta mRNA (%)

0.0 =

Log HBV-DNA copies

Figure 4. Association between the serum HBV viral load and the mRNA expression levels of (A) GRa and (B) GRp in the peripheral blood mononuclear cells
of chronic hepatitis B patients. The GRa and GRf values are expressed as percentages relative to the mRNA expression levels of GRa in the healthy controls.

HBYV, hepatitis B virus; GR, glucocorticoid receptor; N.S., not significant.

glucocorticoid action and transcriptionally inactive (16). In the
present study, the mRNA expression levels of GRa and GRp
in the PBMCs of CHB patients and healthy individuals were
quantified using RT-PCR and the association between the
mRNA expression of the GR isoforms and HBV serological
and virological markers was examined.

A previous study by Rai er al (17) indicated that GRa
mRNA exists in the PBMCs of all autoimmune hepatitis (AIH)
patients, chronic viral hepatitis (CVH) patients and healthy
volunteers and that the incidence of GRf mRNA in AIH
patients (57.6%) is significantly higher compared with that in
patients with CVH (28.6%) and healthy volunteers (20.0%). In
the present study, GRo. mRNA was also present in the PMBCs
of all subjects, whereas GRfp mRNA was detected in the
PBMC:s of 93.1% CHB patients and 86.0% healthy controls. In
addition, the expression of GRf in the patients with CHB was
not significantly different from that in the healthy volunteers
(P>0.05) and the mRNA expression of GRf3 was markedly
higher. The discrepancy between the incidences of GR may
result from differences in the population studied and the sensi-
tivity of the methods used.

The mRNA expression of GRf} has been demonstrated
in various human tissues by RT-PCR. Compared with GRa,
the levels of GRp were observed to be relatively low and
considered to be 0.2-0.3% of GRa. mRNA levels (10). In the
present study, the mRNA levels of GRp were 0.17+0.13% in
the healthy controls and 0.11+0.08% in the CHB patients rela-
tive to those of GRa.

Gao et al (18) investigated the expression of GR in
T lymphocytes in patients with acute onset of chronic hepa-
titis B liver failure and CHB. The results revealed that the
mRNA expression of GRa in CHB patients was significantly
decreased compared with that in healthy controls; however,
the difference in the mRNA expression of GR} between CHB
patients and healthy controls was not significant. The findings
of the present study were consistent with this, as, compared
with those of the healthy controls, the mRNA levels of GRa
in the CHB patients was significantly lower (60.51£23.73, vs.
100.00+40.75; P<0.001). The mRNA expression of GRf in the
CHB patients also declined; however, the difference in these
values was not significant between the two groups (0.11+0.08,
vs. 0.17+0.13;P=0.061). In a previous study, a significant corre-
lation was identified between the mRNA expression levels of
GRa and GRp in the PBMCs of healthy controls and patients
with Cushing's syndrome (19). In the present study, the GRa

levels were only significantly positively correlated with the
expression of GRf in the PBMCs of CHB patients (r=0.419;
P<0.05; Fig. 1B), while no such correlation was observed in
the PBMC:s of the healthy controls.

At present, the mechanisms underlying the decreased
mRNA expression of GR in the PBMCs of CHB patients
remain to be elucidated. A possible mechanism underlying
the downregulation of GR mRNA may involve the inability
of PBMCs to produce peptides and protein following HBV
infection. HBV is not strictly hepatotropic, early observations
have demonstrated that this virus can infect PBMCs and viral
DNA is detectable in the PBMCs of the majority of CHB
patients (20). The PBMC cell compartment represents an
extra-hepatic viral reservoir, not only during infection, but for
an extended time following resolution of acute hepatitis B (21).
Previous studies have demonstrated a dysregulation of pro- and
anti-inflammatory cytokines in CHB patients and elevated
levels of proinflammatory cytokines may inhibit the expres-
sion and function of GR, weakening its anti-inflammatory and
immunoregulatory effects during a systemic inflammatory
response (22,23). Furthermore, the mRNA levels of GR[} were
low compared with total GR levels and their effect on the
action of GRa is limited, suggesting that concomitant down-
regulation in the mRNA expression levels of GRa and GRf in
the PBMCs of CHB patients may result in attenuation, rather
than enhancement, of glucocorticoid efficacy (24).

The relatively low mRNA expression levels of GRf
compared with those of GRa may contribute to the lack of
significance between differences in the mRNA expression
of GRp in CHB patients and healthy controls. Exogenously
administered glucocorticoid may downregulate mRNA levels
of GR (24,25). However, in the present study, this possibility
can be excluded as the CHB patients had not received gluco-
corticoid treatment for >six months prior to blood sampling.

The HBV genome contains a specific DNA binding site for
the GR localized at HBV map positions 341-370, which serves
as a signal for augmenting the glucocorticoid-dependent
activity of the HBV enhancer (12). In vivo, glucocorticoid
therapy in CHB patients may result in activation of latent
infection, increasing levels of HBV markers and increasing
the severity of liver disease, implying that glucocorticoids
are involved in HBV replication and gene expression (26).
In vitro, glucocorticoid can increase the production of HBsAg,
HBeAg and viral RNAs, mediated through specific GRs, in
HBV-transfected human hepatoma cells (11). In addition,
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a previous study reported that serum levels of the endog-
enous glucocorticoid cortisol were marginally higher in CHB
patients compared with those in healthy controls, although the
difference was not significant (18).

The present study further examined the association
between the mRNA expression of the GR isoforms and HBV
serum markers and viral status in CHB patients. To the best of
our knowledge, there is little reference to this area in previous
studies. Compared with the healthy controls, significant
differences were observed in the mRNA expression levels of
GRa in the HBeAg-positive and HBV DNA-positive CHB
patients (P<0.05). The mechanisms underlying these findings
remain to be elucidated, although it can be hypothesized that
the endogenous glucocorticoid stimulated the production of
HBeAg and HBV DNA through the mechanisms mentioned
above and that, when the concentrations of HBV protein
antigens and HBV DNA reach a certain limit, feedback
mechanisms downregulate the production of GRa. The
concentrations of HBV antigen and HBV viral load were
particularly high in CHB patients.

Significant differences were also observed in the mRNA
expression of GRa in HBeAg-negative and pre-S1Ag-negative
patients with CHB compared with those in the healthy controls.
These CHB patients also had high concentrations of other HBV
serological and virological markers, including HBsAg and HBV
DNA, which were likely to have induced feedback mechanisms
that downregulate the expression of GRa.. The details of these
feedback mechanisms, however, remain to be elucidated.

In conclusion, the present study demonstrated that the
mRNA expression profile of GRa was different between
CHB patients and healthy controls. Although the expression
of GRa in the CHB patient subgroups was found to signifi-
cantly decrease compared with that in the healthy controls,
the HBV serological and virological marker status was not
associated with the mRNA levels of the GR isoforms in the
CHB patients.
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