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Abstract

AIM: To investigate whether DNA-dependent activator
of interferon-regulatory factors (DAI) inhibits hepatitis
B virus (HBV) replication and what the mechanism is.

METHODS: After the human hepatoma cell line Huh7
was cotransfected with DAI and HBV expressing plas-
mid, viral protein (HBV surface antigen and HBV e an-
tigen) secretion was detected by enzyme-linked immu-
nosorbent assay, and HBV RNA was analyzed by real-
time polymerase chain reaction and Northern blotting,
and viral DNA replicative intermediates were examined
by Southern blotting. Interferon regulatory factor 3
(IRF3) phosphorylation and nuclear translocation were
analyzed via Western blotting and immunofluorescence
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staining respectively. Nuclear factor-xB (NF-«B) activity
induced by DAI was detected by immunofluorescence
staining of P65 and dual luciferase reporter assay. Tran-
swell co-culture experiment was performed in order to
investigate whether the antiviral effects of DAI were
dependent on the secreted cytokines.

RESULTS: Viral protein secretion was significantly re-
duced by 57% (P < 0.05), and the level of total HBV
RNA was reduced by 67% (P < 0.05). The viral core
particle-associated DNA was also dramatically down-
regulated in DAI-expressing Huh7 cells. Analysis of
involved signaling pathways revealed that activation of
NF-«xB signaling was essential for DAI to elicit antivi-
ral response in Huh7 cells. When the NF-xB signaling
pathway was blocked by a NF-«xB signaling suppressor
(IxBa-SR), the anti-HBV activity of DAI was remarkably
abrogated. The inhibitory effect of DAI was indepen-
dent of IRF3 signaling and secreted cytokines.

CONCLUSION: This study demonstrates that DAI can
inhibit HBV replication and the inhibitory effect is asso-
ciated with activation of NF-«B but independent of IRF3
and secreted cytokines.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) is a noncytopathic DNA virus
which belongs to the Hepadnaviridae family. Infection of
HBYV results in acute or chronic hepatitis, liver failure,
and hepatocellular carcinoma'?. HBV clearance is usu-
ally associated with a multispecific CD4" and CD8" T-cell
response coordinated with an effective humoral immune
component”™, However, a growing body of evidence
suggests that the innate immune response is important
for limiting viral replication. Expression of key proteins
in pattern recognition system, such as RNA sensor mela-
noma differentiation-associated gene-5, the caspase re-
cruitment domain of retinoic acid inducible gene I and
the adaptor protein, myeloid differentiation primary
response protein 88 (MyD88), and interferon-f3 promoter
stimulator 1 (IPS-1) can activate innate immune response
and inhibit HBV replication in human hepatocyte-derived
cells®”.

DNA-dependent activator of interferon-regulatory
factor (DAI/DLM-1/7ZBP1) is the first identified sensor
of cytosolic dsDNA. Recent studies have demonstrated
that DAI can initiate innate immune responses, including
the induction of type I interferon (IFN) genes, inde-
pendently of Toll-like receptor 9", Tt was reported that
herpes simplex virus 1 production was notably higher in
DATI blocked 1.929 cells"”. As DAT is highly expressed in
the differentiated hepatocyte after interferon treatment ',
it is hypothesized that DAI could be a protein possessing
antiviral activity against HBV in human hepatocytes.

The aim of the present study was to determine wheth-
er DAI can inhibit HBV replication and what the undetly-
ing molecular mechanism is. We found that expression of
DALI could inhibit HBV gene expression and replication
noncytopathically in Huh7 cells. Further study revealed
that activation of nuclear factor-kB (NF-kB) signaling
was essential for DAI to elicit antiviral responses, but this
inhibitory effect is independent of cytokines’ secretion.

MATERIALS AND METHODS

Cell culture and transfection

Huh7 and HEK 293T cells were obtained from Ameri-
can Type Culture Collection and cultured in Dulbecco’s
modified Eagle’s medium (Gibco). For plasmid transfec-
tions, we used Fugene reagent (Roche), according to the
manufacturer’s protocol. The transfection efficiency was
normalized by detecting the expression of green fluores-
cent protein (GFP) after transfection of equal amount
of plasmid GFP.

Transwell plate (Cat. No. 3450) was purchased from
Corning Company (New York, the United States). The
transwell chamber contains 0.4 um pore polyester mem-
brane which is optimal for cell attachment and growth
and is permeable for flow of liquids. The cytokines can
transfer through the membrane freely while the cells are
blocked.
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Plasmids and chemicals

pPCAGGS-hemagglutinin (HA)-DAI encoding the whole
transcript of DAI was kindly provided by Professor Ta-
datsugu Taniguchi[g]. pHBV1.3 containing a 1.3-copy of
the HBV genome was described previously. The plasmid
pPCMV-IkBa-SR expresses a repressor form of IxkBa in
which serines 32 and 36 were mutated to alanine”. The
NF-kB-dependent luciferase reporter plasmid pNF-kB-
Luc was obtained from Stratagene Corporation (La Jolla,
CA, the United States). pIRF-3 and pIRF-3AN were
provided by John Hiscott'”. The cytokines IFN-g, and
tumor growth factor (TGF)-a were purchased from R
and D Company (Lorton, VA, the United States).

Quantitative real-time polymerase chain reaction
analysis of hepatitis B viral RNA

Total RNA was extracted directly using TRIzol reagent
(Invitrogen), and reversely transcribed to cDNA using a
complementary DNA (cDNA) synthesis kit (Fermentas)
according to the manufacturer’s instructions. The cDNA
was mixed with SYBR Green polymerase chain reaction
(PCR) Master Mix (Toyoba) and subjected to real-time
PCR using the ABI PRISM 7500 (Applied Biosystems).
Cellular glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) mRNA from the same cDNA was used as
an internal control. The primers specific for HBV and
GAPDH are available upon request. Forty cycles of
PCR were performed with cycling conditions of 15 s at
95°C,20sat55°C,25sat72°C, and 35sat79 C to
detect signal.

Southern blotting analysis of viral DNA replicative
intermediates

HBV DNA replicative intermediates in HBV core par-
ticles isolated from transfected Huh7 cells were analyzed
using Southern blotting, The intracellular viral DNA was
extracted as previously reported.

The normalized viral DNA replicative intermediates
were electrophoresed onto 1% agarose gel. Then DNA
was blotted onto a positive nylon membrane (Roche) in
20 X SSC. After fixing at 120 'C for 30 min, the mem-
brane was prehybridized for 1 h at 42 C in ULTRAhyb
hybridization solution, and then hybridized with full-
length HBV DNA probes labeled with (ot-P) deoxycyti-
dine triphosphate (dCTP) by hexamer random labeling
kit (Roche) under the same condition of prehybridization
at 42 °C for 16 h. After stringent washing at 68 C, signals
were detected by autoradiography.

Northern blotting analysis of total viral RNA

Total RNA was extracted directly from transfected cells
using TRIzol reagent. Ten pg total cytoplasmic RNA was
electrophoresed on 1% formaldehyde-agarose gel and
then transferred to nylon membranes (Roche). Hybrid-
ization was undertaken as described above using (o= P)
dCTP-labeled full-length HBV DNA probes. To normal-
ize the total quantity of RNA loaded on each gel, blots
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were stripped and rehybridized with (a-P) dCTP-labeled
GAPDH probes.

Western blotting analysis

Cell lysates were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and blotted electro-
phoretically onto a nitrocellulose membrane (Whatman).
The membrane was blocked with phosphate-buffered
saline (PBS) containing 5% skim milk and then incubated
overnight with 1:1000 anti-HA (Roche), 1:2000 anti-
GFP (Sigma), 1:1000 anti-phospho-IRF3 (Cell signaling),
1:1000 anti-IRF3 (Santa Cruz), 1:10000 anti-f} actin anti-
body (Sigma), then washed three times in PBST (0.05%
Tween 20 in PBS), and incubated with peroxidase conju-
gated secondary antibody (1:2000) for 1 h. After further
washing with PBST, chemiluminescence detection was
carried out using enhanced chemiluminescence detection
reagents.

Enzyme-linked immunosorbent assay

The HBV surface antigen (HBsAg) and HBV e antigen
(HBeAg) levels in the supernatants obtained from HBV
transfected Huh7 cells were detected using a standard
enzyme-linked immunosorbent assay (ELISA) (Sino-
American Biotech). The assay was performed according
to the manufacture’s protocol. All experiments were per-
formed at least three times.

Immunofluorescence staining

Huh?7 cells were fixed with 3.5% paraformaldehyde for 10
min. The cells were permeabilized with 0.1% Triton X-100
for 5 min at room temperature and incubated in block-
ing buffer supplemented with 3% bovine serum albumin
(Sigma) for 1 h at room temperature. Interferon regula-
tory factor 3 (IRF3) was detected by staining with rabbit
anti-human IRF3 (1:200 dilution, Santa Cruz), followed by
Cy3-coupled goat anti-rabbit IgG (1:500 dilution, Jackson
Immunologicals). Flag-tagged IPS1 was detected by stain-
ing with mouse anti-Flag antibody (1:2000, Sigma), fol-
lowed by Alexa488-coupled goat anti-mouse IgG (1:200,
Jackson Immunologicals). P65 was detected by staining
with diluted (1:100) rabbit anti-human P65 (cell signaling)
and Cy3-coupled goat anti-rabbit IgG (1:500). The nu-
clei were counterstained with 10 pg/mL 4',6'-diamidino-
2-phenylindole (DAPI) (Sigma). After incubation with
the secondary antibodies, the cells were visualized under a
confocal laser scanning microscope.

Dual-luciferase reporter assay

To measure report gene activation, 293T cells seeded
into 24-well plates at density of 1 X 10° cells/well were
transiently transfected with NF-kB dependent luciferase
reporter plasmid 100 ng pNF-xB-Luc, 10 ng renilla lucif-
erase-HSV thymidine kinase promoter (expressing Renilla
luciferase, Promega) together with pCAGGS-HA-DAT or
the empty vector pPCAGGS-HA at the indicated amount.
The cells wete lysed and analyzed for firefly luciferase
and renilla luciferase activity (Promega). The results were
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reported as the normalized mean £ SD.

Statistical analysis

Results were reported as means £ SD. T tests were ap-
plied for comparisons between groups; and P < 0.05 was
considered statistically significant.

RESULTS

DAl inhibits HBV replication in the human hepatoma
Huh7 cells
To investigate the antiviral activity of DAI against HBV,
we firstly examined the effect of DAI on the synthesis
of HBV proteins. HBV-replicating plasmid HBV1.3 was
co-transfected with either empty vector or HA-DALI into
Huh7 cells. Supernatants were collected and HBsAg and
HBeAg were analyzed by standard ELISA immunoas-
say. Compared with the control, the secretion of HBsAg
was reduced by 17%, 33% and 57% and secretion of
HBeAg was reduced by 25%, 34% and 57% when the
increasing amount of DAI was transfected (Figure 1A).
In order to study the inhibitory effect of DAI on HBV
RNA transcription, the HBV RNA level was examined
by quantitative real-time PCR. Results showed that HBV
RNA level was also decreased by 44%, 51%, and 67%
with an increased level of DAI expression. Expression
of DAI in Huh7 cells was monitored by Western blot-
ting (Figure 1B). To further investigate the effect of DAI
on HBV viral RNA transcription, Northern blotting
analysis was employed. As MyD88 has been reported as
intetferon inducible protein which can inhibit HBV rep-
lication'™”, MyD88 and 1000 TU/mL IFN-¢ treatment
were included as positive controls. As shown in Figure
1C, expression of DAI dramatically reduced HBV RNA
level. To investigate the influence of DAI on HBV rep-
lication, Southern blotting was performed to analyze the
viral DNA replicative intermediates which were extracted
from core particles. As shown in Figure 1D, the HBV
core particle-associated DNA was significantly reduced.
These results suggested that viral genome replication,
viral RNA transcription and viral protein expression were
all downregulated by DAI

To exclude the possibility that the reduction of HBV
RNA and DNA in Huh7 cells was due to cell death in-
duced by DAI the growth of DAI-expressing Huh7 cells
was examined by cell counting assay for 6 d. Results dem-
onstrated that DAI did not obviously affect cell growth
(Figure 1E). Taken together, DAI can inhibit HBV gene
expression and replication noncytopathically in Huh7
cells.

IRF3 signaling pathway is not required for inhibition of
HBV by DAI

The activation of innate immune system by DAI was
through IRF3 or NF-kB mediated signaling pathwayslml.
To investigate the possible effect of the pathways DAI on
it, we firstly examined the activation of IRF3 after over-
expression of DAL IPS1, which can activate IRF-3 sig-
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Figure 1 Expression of DNA-dependent activator of interferon-regulatory factors in Huh7 cells can suppress hepatitis B virus replication. A: ELISA analysis of
HBV protein synthesis. GFP was transfected to monitor transfection efficiency; B: Real-time PCR analysis of HBV RNA. Huh7 cells were cotransfected with pHBV1.3 and
different doses of hemagglutinin (HA)-DAI. Total RNA was extracted 48 h after transfection and HBV RNA was examined by real-time PCR; C: Northern blottings analysis
of HBV RNA; Huh7 cells were cotransfected with pHBV1.3 and control DNA or MyD88 and HA-DAI. 1000 IU/mL IFN-o. was added 12 h after transfection, and 48 h later,
total RNA was extracted for Northern blotting hybridization. The positions of the HBV 3.5-, 2.4- and 2.1-kb RNA were indicated; D: Southemn blotting analysis of HBV core
particle associated DNA. Huh7 cells were treated as in C. HBV core particle associated DNA was analyzed 48 h later. Southern blotting was performed to detect HBV
DNA as described. The positions of relaxed circular (RC), double stranded (DS) and single stranded (SS) DNAs were indicated; E: Effect of DAI on cell growth. Cell num-
ber was counted by adding cell counting kit-8 at 1, 2, 3, 4, 5, 6 d after transfection. DAI: DNA-dependent activator of interferon-regulatory factors; HBV: Hepatitis B virus;
ELISA: Enzyme-linked immunosorbent assay; PCR: Polymerase chain reaction; IFN: Interferon; GFP: Green fluorescent protein; HBsAg: Hepatitis B virus surface antigen;
HBeAg: Hepatitis B virus e antigen; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; MyD88: Myeloid differentiation primary response protein 88.
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Figure 2 Interferon regulatory factor 3 signaling pathway is not required for inhibition of hepatitis B virus by DNA-dependent activator of interferon-regulatory
factors. A: DAI did not induce IRF-3 phosphorylation. Control DNA, hemagglutinin (HA)-DAI or Flag-interferon-B promoter stimulator 1 (IPS1) was transfected into Huh7
cells. Forty-eight hours later, the phosphorylated form of IRF-3 was analyzed by Western blotting; B: Blockage of IRF-3 signaling did not affect inhibitory effect of DAI on
HBV replication. Northern blotting assay was performed as shown in Figure 1C; C: Expression of DAI could not induce IRF-3 nuclear translocation. Cells were harvested
48 h after transfection and IRF-3 was stained as described. DAI: DNA-dependent activator of interferon-regulatory factors; IRF: Interferon regulatory factor; IRF-3AN: IRF-3
dominant negative plasmid; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; DAPI: 4',6'-diamidino-2-phenylindole; YFP: Yellow fluorescent protein.

naling pathway, was set as positive control'. The results
showed that DAI cannot induce the phosphorylation of
IRF-3 (Figure 2A). Furthermore, as shown in Figure 2C,
nuclear translocation of IRF-3 was not observed after
DALI expression. These results indicated that DAI cannot
activate IRF-3. To further confirm that DAI-mediated in-
hibition of HBV replication is not associated with IRF-3,
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an IRF-3 dominant negative plasmid (IRF-3AN), in
which the DNA binding domain was removed to express
the repressor form of IRF-3, was used"”. Results sug-
gested that when the IRF-3 pathway was blocked by IRF-
3AN, the inhibitory effect of DAI on HBV replication
was not affected (Figure 2B). Taken together, inhibition
of HBYV replication by DAI was not associated with acti-
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Figure 3 Inhibition of hepatitis B virus by DNA-dependent activator of interferon-regulatory factors depends on activation of nuclear factor-kB. A: NF-xB
activity was induced by dependent activator of interferon-regulatory factors (DAI). Forty-eight hours after transfection, NF-kB (p65) was stained as described. NF-xB
dependent luciferase reporter plasmid pNF-kB-Luc was co-transfected with control DNA or different doses of hemagglutinin (HA)-DAI into 293T cells. Renilla lucifer-
ase-herpes simplex virus thymidine kinase promoter was transfected to monitor the transfection efficiency; B: Blockage of NF-«B activation abolished DAI-mediated
suppression of hepatitis B virus (HBV) replication. Forty-eight hours after transfection, the levels of hepatitis B e antigen and hepatitis B surface antigen were exam-
ined by enzyme-linked immunosorbent assay. HBV RNA was determined by Northern blotting hybridization. NF-kB: Nuclear factor-kB; GAPDH: Glyceraldehyde-

3-phosphate dehydrogenase; DAPI: 4',6'-diamidino-2-phenylindole; YFP: Yellow fluorescent protein.

vation of IRF3 pathway.

Inhibition of HBV replication by DAI depends on
activation of NF-x B

In addition to IRF-3 signaling pathway, NF-xB is another
key pathway induced by DAI to activate antiviral innate
immunity. In most cells, NF-kB signaling pathway com-
plexes are inactive, residing primarily in the cytoplasm in
a complex with the inhibitory IxB proteins. Once acti-
vated, NF-kB is released from the IxBa and translocated
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to nucleus, where it binds to specific kB sequences in the
promoter or enhancer regions to induce the expression
of multiple target genesm’]()]. To investigate if NF-kB was
activated by DAI, we firstly examined the translocation
of NF-kB p65. Yellow fluorescent protein-DAI and con-
trol DNA was transfected into Huh7 cells and TNF-a
treatment was included as positive control. As expected,
nuclear translocation of p65 was observed in both DAI-
expressing and TNF-q-treated cells. Furthermore, a NF-
kB-dependent luciferase reporter plasmid (pNF-kB-Luc)
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Figure 4 Inhibiting hepatitis B virus replication by DNA-dependent acti-
vator of interferon-regulatory factors is an intracellular event. Transwell
co-culture experiment was performed: Huh7 cells were seeded in both 6-well
plates (below) and transwells (top). In transwell co-culture group, pHBV1.3
was transfected into the cells in 6-well plates while hemagglutinin (HA)-DNA-
dependent activator of interferon-regulatory factors (DAI) was transfected
into the cells in transwells. Twenty-four hours after the transfection, the cells
in 6-well plates and transwells were co-cultured; in the direct cotransfection
groups, pHBV1.3 and control DNA or HA-DAI were cotransfected into cells in
6-well plates; in interferon (IFN)-o treatment group, pHBV1.3 was transfected
into the cells in 6-well plates, 1000 IU/mL IFN-o. was added 12 h later. Seventy-
two hours after transfection, all the cells were harvested and hepatitis B virus
(HBV) RNA was determined by real-time polymerase chain reaction. GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase.

was used to detect NF-xB activity after overexpression
of DAI Results showed that DAT increased the NF-xB-
dependent luciferase activity in a dose dependent manner
(Figure 3A), suggesting that DAI can induce the activa-
tion of NF-kB signaling pathway.

To further confirm that suppression of HBV replica-
tion by DAI was NF-kB-dependent, we used a NF-xkB
signaling suppressor IxkBa-SR, in which Ser32 and Ser36
residues critical for phosphorylation are replaced by ala-
nine?. As shown in Figure 3B, the inhibition of HBV
RNA by DAI was reversed in the presence of IkBo-SR.

In conclusion, these data demonstrated that the activa-
tion of NF-kB signaling pathway played an indispensable
role in DAI-mediated suppression of HBV replication.

Inhibition of HBV by DAl is independent of secreted
cytokines

After NF-kB was activated, IFNs, chemokines and other
pro-inflammatory cytokines could be induced, which
might be directly involved in inhibiting viral infection'”,
To investigate whether the observed antiviral effects of
DAI were dependent on the secreted cytokines, transwell
co-culture experiments were conducted. The IFN-a
treatment was set as positive control. We found that the
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obvious inhibitory effects of DAI on HBV replication
could be observed in the HBV and HA-DALI directly co-
transfected cells, but not in transwell co-cultured Huh7
cells (Figure 4), indicating a secreted cytokine-indepen-
dent mechanism of inhibiting HBV replication by DAL

The above results suggested that the observed inhibi-
tion of HBV replication by DAI was most likely due to
some inducible intracellular factor(s), rather than secreted
cytokines.

DISCUSSION

After viral infection, innate immune receptors can detect
the invading virus and subsequently initiate the synthesis
of IFN and protective cellular genes to directly limit viral
replication“&m. DAL is the first identified sensor of cyto-
solic dsSDNA, which elicits innate immune responses and
induces type 1 IFN to control viral replication. In this
study, we found that DAI could inhibit HBV replication
in Huh7 cells, and further study revealed that NF-kB sig-
naling pathway was essential for this inhibition.

NF-kB signaling pathway plays pivotal roles in me-
diating inflammation, immune responses to pathogen
infections, proliferation, apoptosis, and other cellular
activities. The activation of NF-xB presents different

results for different viruses. Some viruses activate NF-xB
[20]

pathway to improve their transcription and replication
Under other conditions, activation of NF-kB can repress
viral replication. For example, NF-kB activation can me-
diate inhibition of human cytomegalovirus replicationm]
Rotavirus could antagonize cellular antiviral responses by
inhibiting the nuclear accumulation of NF-xB™. As far
as HBV is concerned, on one hand, viral replication itself
can activate NF-kB, and on the other hand, upregula-
tion of NF-kB by some host cytokines’ stimulation has
shown to be an inhibitory factor. For example, TNF-a
could inhibit HBV replication by activating NF-xB sig-
nalingm]. Besides, activation of NF-xB is also required
for MyD88, IPS-1 and TRIF to elicit antiviral response
to limit HBV replicationml. In this study, we also found
that DAI inhibited HBV replication »ia activating NF-
kB signaling. Therefore, we speculated that the NF-xB
signaling might be a common pathway for host to inhibit
the replication of HBV and other DNA viruses.

The activation of NF-«B is associated with increased
transcription of genes encoding chemokines, such as IL-8,
MCP-1, cytokines such as I1L-6, TNF-a, IFNs, adhesion
molecules (intercellular adhesion molecule 1 and vascular
cell adhesion molecule-1), enzymes that produce second-
ary inflammatory mediators and inhibitors of apopto-
sis®*. These molecules are important components of
the innate immune response to invading microorganisms.
When further exploring the mechanisms responsible for
suppression of viral replication after NF-xB activation,
we speculated that cytokines, especially type [ interferon,
may be the direct effector to inhibit HBV replication.
However, we did not detect the induction of IFN in DAI-
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expressing cells. By transwell experiment, we found that
the secreted cytokines were not required for the inhibition
of HBV replication by DAI (Figure 4). Interestingly, some
components of pattern-recognition receptor system, such
as MyD88, IPS-1 and TRIF, could also control HBV
replication in a cytokine independent manner™. It is pos-
sible that there is a common strategy to inhibit HBV by
these functional proteins. In addition, the antiviral factor
downstream of NF-kB induced by DAI is worthy to be
further explored.

In summary, this study demonstrates that DAI is a
cellular antiviral protein. When expressed in Huh7 cells,
DALI activated NF-kB but not IRF-3 signaling to suppress
HBYV replication. This inhibitory effect is independent of
secreted cytokines. The findings could potentially lead to
the development of novel therapies that induce the host
cytoplasmic antiviral protein to control HBV infections.

COMMENTS

Background

The hepatitis B virus (HBV) is a DNA virus that replicates its genome via an
RNA intermediate using reverse transcription. Chronic infection with this virus
can result in cirrhosis and hepatocellular carcinoma. Nowadays, more and more
evidence suggests that the innate immune response is important for limiting
viral replication. Pattern recognition receptors play a pivotal role in host innate
immune responses against microbial infection. DNA-dependent activator of
interferon-regulatory factor (DAI/DLM-1/ZBP1) is a potent activator of immune
responses during infection or tissue damage.

Research frontiers

Expression of key proteins in pattern recognition system, such as RNA sensor
melanoma differentiation-associated gene-5, the caspase recruitment domain
of retinoic acid inducible gene I and the adaptor protein, and myeloid differen-
tiation primary response protein88 can activate innate immune response and
inhibit HBV replication in human hepatocyte-derived cells. DAI is the first identi-
fied sensor of cytosolic dsSDNA. Recent studies have demonstrated that DAI can
initiate innate immune responses, including the induction of type I interferon
genes, independently of Toll-like receptor 9. The authors hypothesize that DAI
could be a protein possessing antiviral activity against HBV replication.

Innovations and breakthroughs

The aim of the present study was to determine whether DAI can inhibit HBV
replication and what the underlying molecular mechanism is. The authors found
that expression of DAI could inhibit HBV gene expression and replication non-
cytopathically in Huh7 cells. Further study revealed that activation of Nuclear
factor-kB signaling was essential for DAI to elicit antiviral responses, but this
inhibitory effect was independent of cytokines’ secretion.

Applications

The study could potentially lead to the development of novel therapies that
induce the host cytoplasmic antiviral protein to control HBV infections.

Peer review

The study describing the inhibitory role of DAI on HBV replication is generally
well-performed and the results support the conclusions reached. The manu-
script is well-written.
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