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 Background: Reactivation of hepatitis B virus (HBV) is a fatal complication of chemotherapy. Occult HBV infection might be 
reactivated in patients undergoing chemotherapy or immunosuppression. However, the mechanism of HBV re-
activation induced by chemotherapy or immunosuppression remains unclear.

 Material/Methods: HepG2.2.15 cells were treated with an autophagy inducer (rapamycin), an inhibitor (3-methyladenine, 3-MA), 
and dexamethasone. Autophagosomes were observed by a transmission electron microscope (TEM). LC3-I, 
LC3-II, and P62 were analyzed by western blot. HBV replicative intermediates were detected by southern blot. 
HBV DNA expression was quantitated with real-time polymerase chain reaction (PCR). The level of HBV sur-
face antigen (HBsAg) in culture medium was examined by ELISA.

 Results: In this study, we find that dexamethasone stimulates HBV replication and protein expression by inducing au-
tophagy in HepG2.2.15 cells. In contrast, autophagy inhibitor (3-MA) abrogates HBsAg secretion stimulated by 
dexamethasone.

 Conclusions: Our results suggest that dexamethasone stimulates HBV replication through autophagy. This might provide a 
novel insight into the mechanism of glucocorticoid-mediated HBV reactivation through autophagy, which might 
be a new therapeutic target.
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Background

Hepatitis B virus (HBV) infection remains a global health 
problem. Despite the availability of effective vaccines, almost 
248 million individuals worldwide were estimated to be hepa-
titis B surface antigen (HBsAg) positive in 2010 [1]. Occult hep-
atitis B infection (OBI) is characterized by the presence of HBV 
DNA in the blood and/or liver of HBsAg-negative subjects [2]. 
Reactivation of HBV infection mostly occurs in immunosup-
pressed patients, in patients undergoing systemic chemother-
apy for solid tumors, and in patients exposed to biological 
agents or high-dose corticosteroids. Nucleot(s)ide prophylax-
is is highly recommended to prevent HBV reactivation in im-
munosuppressed settings [2,3]. Reactivation of HBV infection 
in HBsAg-positive or OBI patients is life-threatening [4]. It is 
very difficult to detect occult HBV infection in clinical work. 
As the sensitivity of HBV DNA detection assays is different in 
different regions, some OBIs cannot be detected. Therefore, 
it is important to understand the effects of immunosuppres-
sion on the HBV life cycle.

Previous research found that glucocorticoid increased HBsAg 
titer in 83% of patients with hematologic malignancies, includ-
ing non-Hodgkin’s lymphoma (NHL) [5]. In clinical work, we ob-
served that patients with NHL or immune thrombocytopenia 
(ITP) coexisted with HBV easily. Studies have revealed HBV in-
fection might increase the risk of NHL, and HBV infection rate 
is higher in NHL patients than in healthy control patients [6]. 
Hepatotropic viruses were reported to be able to trigger auto-
immune reactions, and about 20% of ITP patients were found 

to be infected with the hepatitis C virus. However, few stud-
ies have reported the relationship between HBV and ITP [7].

In this study, a retrospective analysis was conducted for 171 in-
dividuals who had been diagnosed as ITP patients from January 
2009 to December 2014. The percentage of HBsAg-positive re-
sults was higher in ITP patients compared with healthy individ-
uals (18.13% vs. 9.14%, P=0.01, Table 1). Most of the patients 
were treated with glucocorticoids (80.70%), such as dexameth-
asone and prednisone, as part of their therapies. However, the 
use of immunosuppressive agents might increase the risk of 
HBV reactivation, which could lead to acute hepatitis and even 
hepatic failure [8,9]. As such, it is useful to understand the me-
chanics of glucocorticoids in the HBV life cycle.

Autophagy is essential to maintain cellular homeostasis involv-
ing the degradation and elimination of long-lived proteins and 
organelles. Numerous studies have been carried out to identi-
fy the mechanism of glucocorticoid-induced apoptosis [10,11]. 
Some reported that dexamethasone could induce autophagy in 
lymphocyte and osteocytes [12,13]. Many others demonstrat-
ed that viral infections had complex interconnections with au-
tophagy. Recently, it has been reported that microRNA-99 family 
promotes autophagy through mTOR/ULK1 signaling and there-
by enhance HBV replication [14]. Another virus, Bombyx mori 
nuclear polyhedrosis infection induces autophagy by increas-
ing autophagy-related genes expression, contributing to the 
benefit of its infection [15]. Moreover, type-III interferon treat-
ed with HCV through inhibition of the HCV-induced autoph-
agy response [16]. Similarly, autophagy is also important for 

Variable ITP N (%) Controls N (%) P-value*

Total 171 186

Age; Mean ±SD 46.09±1.40 43.08±0.84 0.06

Gender 0.08

Male  46 (26.90)  66 (35.48)

Female  125 (73.10)  120 (64.5)

HBsAg+  31 (18.13)  17 (9.14) 0.01

HBsAg–/HBcAb+  48 (28.07)  110 (59.14) <0.01

HBsAg–/HBcAb–  92 (53.80)  59 (31.72) <0.01

HBsAb+  85 (49.71)  134 (72.04) <0.01

HBsAb–/HBcAb+  23 (13.45)  30 (16.13) 0.47

HBsAb–/HBcAb–  63 (36.84)  22 (11.84) <0.01

Use of glucocorticoid  138 (80.70)  

Table 1. Clinical characteristics of ITP and controls.

* The difference of mean ±SD between cases and controls were calculated with student’s t-test, others were analyzed by c2 statistic. 
ITP – immune thrombocytopenia; HBsAg – hepatitis B surface antigen; HBsAb – antibody to HBsAg; HBcAb – antibody to hepatitis B 
core antigen.
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HBV replication in vivo [17]. The aim of this study was to fur-
ther explore whether autophagy was involved in HBV replica-
tion in HepG2.2.15 cells undergoing dexamethasone treatment.

Material and Methods

Patients and clinical characteristics

This study analyzed retrospectively196 patients who had been 
diagnosed with ITP from January 2009 to December 2015 in 
the Second Affiliated Hospital of Chongqing Medical University. 
Out of those 196 patients, 25 were excluded from the study 
because they lacked HBV serology data, including HBsAg, hep-
atitis B e-antigen (HBeAg), antibody to HBsAg (HBsAb), and 
antibody to hepatitis B core antigen (HBcAb). Thus, in the end, 
171 ITP patients were analyzed. The researchers also recruited 
186 healthy age- and sex-matched individuals to participate 
as a control group. All had been tested for hepatitis B serolo-
gy. Information about the participants’ age, gender, hepatitis 
B serology results, and treatment regimens was obtained by 
consulting clinical records.

Chemicals and antibodies

Dexamethasone, rapamycin (R8781), and 3-methyladenine 
(3-MA, M9281) were purchased from Sigma-Aldrich. The 
dexamethasone was dissolved in 100% ethanol (vehicle), and 
the 3-MA was dissolved in phosphate-buffered saline (PBS). 
Chemiluminescence reagents were obtained from Millipore. The 
antibodies used in experiments were anti-LC3 (L8918, Sigma), 
sequestosome (p62, H00008878-M01, Abnova).

Cell culture and transfection

HepG2.2.15 was a stable HBV-expressing cell line, which grew 
in the medium with antibiotics (G418, 500 ug/mL) at 37°C and 
with 5% CO2 in a humidified incubator. The pGFP-LC3 was a 
gift from Dr. Juan Chen (Chinese University of Hong Kong, 
China). Hep2.2.15 cells were transfected with pGFP-LC3 using 
Lipofectamine 2000 (Invitrogen).

Western blot analysis

After treatment, proteins were extracted from cells according 
to the instructions of a protein extraction kit (KaiJi, KGP2100, 
China). Equal amounts of protein were separated by SDS-PAGE 
and transferred to polyvinylidene difluoride membranes. The 
membranes were incubated with primary antibodies (anti-LC3, 
1: 1000; anti-p62, 1: 1000) at 4°C overnight and with secondary 
antibodies at room temperature for 1 h. Chemiluminescence 
signals were detected by the Bio-Rad system and x-ray films.

Reverse transcription, real-time PCR

After transfection for 48 h, cells were collected, and total RNA 
was isolated by TRIzol reagent (Invitrogen). Reverse tran-
scription was performed with PrimeScript RT reagent Kit 
(Takara, Japan). The forward primer used for amplification 
of 3.5Kb mRNA was 5’-GCCTTAGAGTCTCCTGAGCA-3’, and 
the reverse primer was 5’-GAGGGAGTTCTTCTTCTAGG-3’. 
The DNA of HBV was quantitated with the BIO-RAD CFX 96 
(BIO-RAD) system. The primers used for HBV quantification were 
5’-CCTAGTAGTCAGTTATGTCAAC-3’ (forward) and 5’-TCTATAA 
GCTGGAGTGC GA-3’ (reverse).

Southern blot analysis

Extraction of HBV replicative intermediates was performed as 
described by Ren et al. [18]. Briefly, DNA samples were separat-
ed on 0.9% agarose gels and transferred onto nylon membranes 
(Roche; Germany). After UV cross-linking and prehybridiza-
tion, the membrane was hybridized with a digoxigenin-labeled 
HBV-specific probe generated by using a Random primed la-
beling kit (Roche; Germany) and then exposed to x-ray to de-
tect the signals [19].

Transmission electron microscopy (TEM)

After treatment for 48 h, cells were washed with 1 x PBS for 3 
times and collected by centrifugation. Liquid supernatant was 
discarded, and cells were fixed with 2% paraformaldehyde and 
0.1% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). The 
cells were further fixed and stained with uranyl acetate and 
lead citrate. An H7600 electron microscope (Hitachi, Japan) 
was used to observe the sections.

HBsAg detection by enzyme-linked immunosorbent assay 
(ELISA)

To detect HBsAg, supernatant of cell cultures examined by ELISA 
according to the manufacturer’s instructions (KHB, Shanghai, 
China). Each experiment was performed at least three times.

Statistical analyses

Chi-Square test was used to assess the differences in the dis-
tribution of categorical variables. Student’s t-test was applied 
to compare difference in mean of age. All data obtained from 
the experiment were expressed as mean values ±SD. When 2 
groups were compared, unpaired Student’s t-test was used. 
Three groups’ means were analyzed by one-way analysis of 
variance (ANOVA) with a post-test Bonferroni, * P<0.05 was 
considered statistically significant. All statistical analyses were 
performed with SPSS16.0.
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Results

Prevalence of HBsAg positive in ITP patients

As shown in Table 1, there were no significant differences in 
proportion of male and female between cases and controls 
(P=0.08), nor in distribution of age (P=0.06). The percentage of 
HBsAg positive is 18.13 in ITP patients, which was higher than 
the rate of HBsAg positive in control group (P=0.01). More than 
80% patients received the glucocorticoid in their treatment.

HBV replication and protein expression stimulated by 
dexamethasone in HepG2.2.15

To study the effect of glucocorticoid on HBV expression, dexa-
methasone was used to treat with HepG2.2.15 cells. After treat-
ment for 2 days, supernatant of the culture medium was col-
lected to detect HBsAg level by ELISA. As shown in Figure 1, 
HBsAg expression was increased greater than in the control 
group. Additionally, we further examined HBV DNA replicative 
intermediates and 3.5 kb mRNA levels. Both of them increased 

more than 2-fold with dexamethasone (Figure 1B, 1C). These 
results were similar to the study of Chou et al. [20].

Time and dose-dependent stimulation of dexamethasone 
on HBsAg secretion

Intriguingly, dexamethasone induced a time and dose-depen-
dent stimulation of HBsAg secretion in HepG2.2.15 cells. To 
explore the optimal concentration, cells were treated with in-
creasing concentrations, 0, 20, 40, 60, 80, 100, 120, 140, 160, 
180, 200 nM of dexamethasone. During 48 h post-treatment, 
cell cultures were harvested and accessed by ELISA. HBsAg 
levels were continuously increased in culture medium with 
various concentrations of dexamethasone, from 0 to 100 nM. 
Whereas beyond 100 nM, dexamethasone displayed inhibi-
tion of HBsAg secretion (Figure 2A). Since time for treatment 
is important for the efficiency of dexamethasone, we treat-
ed cells with dexamethasone for different time, 0, 8, 12, 24, 
36, 48 h. It is noteworthy that there was a peak at 36 hours 
with 100 nM dexamethasone on HBsAg production (Figure 
2B). Taken together, results suggested concentration of 100 
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Figure 1.  The effect of dexamethasone (Dex) on HBV production expression. HepG2.2.15 cells were treated with DEX for 2 days. 
(A) HBsAg levels in culture media were detected by ELISAB. HBV intermediates were extracted and subjected to real-time 
PCR. (B, C) The 3.5kb mRNA levels were determined by real-time PCR. (* P<0.05)
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Figure 2.  Time and dose-dependent stimulation of dexamethasone (DEX) on HBsAg secretion. (A) HepG2.2.15 cells were treated with 
increasing concentrations of DEX (0, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 nM). (B) HepG2.2.15 cells treated with Dex 
(100 nM) for different time (0, 8, 12, 24, 36, 48 h). Culture media were collected to detect HBsAg levels by ELISA.
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nM and treatment time for 36 h were the optimal experimen-
tal condition.

Dexamethasone treatment increased HBsAg secretion by 
inducing autophagy

Recently, Shin et al. have reported HBV-triggered autophagy 
targeted TNFRSF10B death receptor 5 [21]. However, there is 
limited knowledge about the role of autophagy in HBV life-
cycle. HepG2.2.15 cells were transfected with GFP-LC3 plas-
mids for 24 h, then treated with autophagy inducer rapamy-
cin and dexamethasone respectively. Interestingly, a significant 
conversion from LC3-I to LC3-II was observed in cells treated 

with dexamethasone, which exerted similar effects with ra-
pamycin (Figure 3A, 3B). Compared with the control group, 
the protein expression of p62 decreased in cells treated with 
dexamethasone. Cytoplasmic fluorescence punctuations (GFP-
LC3) increased remarkably in cells treated with dexametha-
sone (Figure 3C, 3D). To further verified whether autophagy 
involved, TEM was used to observe autophagosomes. As ex-
pected, characteristic double-membrane autophagosomes and 
membrane structures were observed in cells treated with ra-
pamycin or dexamethasone (Figure 3E). Moreover, HBsAg se-
cretion level was increased 2-fold in supernatant of cells treat-
ed with dexamethasone and rapamycin than control group 
(Figure 3F). These results suggest that dexamethasone could 
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Figure 3.  Dexamethasone (DEX) induced autophagy in HepG2.2.15 cells. HepG2.2.15 cells, which transfected with GFP-LC3 plasmids 
for 24 h, treated with Dex (100 nM) and autophagy inducer rapamycin (Rapa, 60 nM) respectively. After 36 h, cells were 
collected. (A) The conversion of LC3-I to LC3-II and p62 analyzed with western blot. (B) The LC3-II/b-actin ratios were 
quantified by densitometric analysis with Quantity One software (Bio-Rad). Results presented were representative of 3 
independent experiments. (C, D) Representative fluorescence punctuations for autophagic dots observed in hepG2.2.15 cells 
transfected with GFP-LC3 plasmids for 48 h. (E) Autophagy vesicles examined by TEM. (F) HBsAg levels in culture medium of 
HepG2.2.15 cells were collected and detected with ELISA (* P<0.05).
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induce autophagy, which lead to increasing HBsAg secretion 
in HepG2.2.15 cells.

Autophagy inhibitors (3-MA) decreased HBsAg secretion in 
HepG2.2.15 treated with dexamethasone

We further explored whether autophagy was responsible for 
HBsAg secretion treated with dexamethasone. HepG2.2.15 
cells were treated with autophagy inhibitor 3-MA and dexa-
methasone after being transfected with GFP-LC3 plasmids for 
24 h. The effective inhibition of autophagy was confirmed by 
using western blot analysis (Figure 4A). LC3-II/actin decreased 
almost 50% in cells treated with 3-MA+dexamethasonethan 
cells treated with dexamethasone (Figure 4B). Both autopha-
gic fluorescence study (Figure 4C) and TEM (Figure 4F) revealed 
autophagy was inhibited effectively by 3-MA. Meaningfully, 
compared with cells treated with dexamethasone, HBV repli-
cative intermediates decreased significantly after being treat-
ed with 3-MA+dexamethasone (Figure 4D). Furthermore, com-
pared with cells treated with dexamethasone, a reduction was 
observed in HBsAg secretion in cells treated 3-MA + dexameth-
asone (Figure 4E). Results suggest autophagy exerted vital ef-
fect in dexamethasone mediated HBsAg secretion.

Discussion

HBV reactivation has been reported as a severe complication 
of patients treated with immunosuppressive therapy or che-
motherapy. In recent years, reactivation of HBV has occurred in 
hematologic malignancies [22], breast cancer, nasopharyngeal 
carcinoma, small cell lung cancer, and even in postoperative of 
HBV related hepatocellular carcinoma [23–26]. HBV reactiva-
tion is a well-recognized clinical issue in patients undergoing 
chemotherapy or immunosuppressive therapies. However, few 
studies emphasize the similar risk of HBV reactivation in ITP 
patients treated with high doses of dexamethasone (40 mg). 
In clinical practice, we observed a higher HBsAg(+) percent-
age of ITP patients (P=0.01), which was supported by our ret-
rospective analysis results (Table1). Meanwhile, dexametha-
sone was widely used in this group of patients. However, the 
effect of dexamethasone on HBV reactivation has not been 
fully assessed.

Dexamethasone has a direct suppressive effect on T cell im-
munity function. Besides, dexamethasone stimulates a gluco-
corticoid-responsive element contained in HBV, which might 
affect expression of HBV gene [27]. In this study, our data 

Figure 4.  Autophagy inhibitors (3-MA) decreases HBsAg secretion in HepG2.2.15 treated with dexamethasone (Dex). HepG2.2.15 
cells were treated with 3-MA+ Dex and Dex respectively, after transfecting with GFP-LC3 plasmids for 24 h. (A) 36 h later, 
cells were collected and analyzed the conversion of LC3-I to LC3-II and p62 by western blot. (B) The LC3-II/b-actin ratios 
were quantified by densitometric analysis with Quantity One software (Bio-Rad). Results presented were representative 
of 3 independent experiments. (C, F) Immunofluorescence images for autophagic dots and TEM in pGFP-LC3-transfected 
hepG2.2.15 cells treated with 3-MA+ Dex and Dex. (D) HBV intermediates were extracted and subjected to southern blot 
analysis. (E) HBsAg secreted in the supernatants were analyzed by ELISA assay.
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demonstrate dexamethasone increases HBsAg secretion via 
inducing autophagy, whereas autophagy inhibitors (3-MA) 
decreases HBV replication and HBsAg secretion. In agree-
ment with our finding, Kunanopparat et al. reported autoph-
agy-related gene (ATG12) might play a role in HBV replication 
via impairing IFN pathway [28]. Our results indicate autoph-
agy might exert important role in HBV reactivation induced 
by dexamethasone.

Much attention has been paid to the role of autophagy in-
duced by glucocorticoid, in the form of dexamethasone. 
Dexamethasone impairs cell-cell communication in osteocytes 
by autophagy through inhibiting Akt-mTORC1 signaling path-
way, contributing to the deleterious bone effect [29]. Others 
have also reported glucocorticoid resistance could be reversed 
by inhibition mTOR signaling pathway in pre-B ALL cells and 
Burkitt lymphoma cells [30,31]. In addition, dexamethasone 
treatment in placental cells downregulated SLC7A5 expression, 
which led to activation of autophagy and apoptosis via inhibi-
tion of mTOR signaling [31,32]. In summary, all of these stud-
ies demonstrated that dexamethasone could activate autoph-
agy by regulating mTOR signaling pathway in different cells. 
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patients receiving glucocorticoid.
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