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ABSTRACT Despite recent advances in therapeutic strategies against hepatitis B vi-
rus (HBV) infection, chronic hepatitis B remains a major global health burden. Recent
studies have shown that targeting host factors instead of viral factors can be an ef-
fective antiviral strategy with low risk of the development of resistance. Efforts to
identify host factors affecting viral replication have identified p38 mitogen-activated
protein kinase (MAPK) as a possible target for antiviral strategies against various vi-
ruses, including HBV. Here, a series of biphenyl amides were synthesized as novel
p38 MAPK selective inhibitors and assessed for their anti-HBV activities. The suppres-
sion of HBV surface antigen (HBsAg) production by these compounds was positively
correlated with p38 MAPK-inhibitory activity. The selected compound NJK14047 dis-
played significant anti-HBV activity, as determined by HBsAg production, HBeAg se-
cretion, and HBV production. NJK14047 efficiently suppressed the secretion of HBV
antigens and HBV particles from HBV genome-transfected cells and HBV-infected
sodium taurocholate cotransporting polypeptide-expressing human hepatoma
cells. Furthermore, NJK14047 treatment resulted in a significant decrease of pre-
genomic RNA and covalently closed circular DNA (cccDNA) of HBV in HBV-
harboring cells, indicating its ability to inhibit HBV replication. Considering that
suppression of HBsAg secretion and elimination of cccDNA of HBV are the major
aims of anti-HBV therapeutic strategies, the results suggested the potential use
of these compounds as a novel class of anti-HBV agents targeting host factors
critical for viral infection.
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Hepatitis B virus (HBV) infection is associated with a broad spectrum of liver
diseases, including acute hepatitis, chronic hepatitis, cirrhosis, and hepatocellular

carcinoma (HCC), and is a leading cause of cirrhosis and HCC (1). Although vaccines and
antiviral agents, including nucleoside/nucleotide analogues and recombinant type I
interferons, are available, more than 350 million people suffer from chronic hepatitis B
worldwide, and approximately 1 million deaths are caused by HBV-related diseases
every year (2, 3).

HBV initiates infection by interaction between the pre-S1 region of the large surface
protein (LHB) with a recently identified receptor, sodium taurocholate cotransporting
polypeptide (NTCP), in hepatocytes (4). HBV virions contain partially double-stranded
relaxed circular DNA (rcDNA) genomes. Once internalized by receptor mediated-
endocytosis, released rcDNA enters the nucleus and is converted into covalently closed
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circular DNA (cccDNA), which acts as a template for RNA synthesis, including mRNAs
and pregenomic RNAs (pgRNAs). Packaged pgRNAs are converted into partially double-
stranded rcDNA in the capsid by reverse transcriptase (RT).

Although nucleoside RT inhibitors, such as entecavir and tenofovir, efficiently sup-
press HBV replication, none of them completely eliminates the virus; thus, patients
require long-term treatment, which can lead to undesirable side effects, such as
nephrotoxicity and drug resistance (5–9). Therefore, the development of different
classes of antiviral agents targeting HBV is urgently needed.

Mitogen-activated protein kinases (MAPKs) are a class of cytoplasmic serine-
threonine kinases ubiquitously expressed and activated by various upstream signaling
pathways, such as growth factors, inflammatory cytokines, and G protein-coupled
receptor signaling (10, 11). Among MAPKs, p38 MAPKs, comprising �, �, �, and �

isoforms, play key roles in immune responses by regulating proinflammatory cytokines.
Thus, the MAPKs have been recognized as attractive therapeutic targets for inflamma-
tory autoimmune diseases, such as asthma, rheumatoid arthritis, multiple sclerosis, and
psoriasis (12, 13).

Interestingly, several viruses, including Ebola virus, Epstein-Barr virus, influenza virus,
and HBV, have been known to utilize p38 MAPK for their life cycles, and suppression of
p38 MAPK results in suppression of viral replication (14–17). p38 MAPK plays a crucial
role in HBV surface antigen (HBsAg)/hepatitis B e antigen (HBeAg) secretion, virus
production, and the maintenance of HBV cccDNA in HBV-infected cells (18). Therefore,
inhibiting p38 MAPK may be an effective approach for anti-HBV therapies. Within the
past decade, several biphenyl amides have been developed as novel p38 MAPK
inhibitors (19). In particular, we recently reported a class of novel biphenyl amide p38
MAPK inhibitors containing a benzophenone moiety and demonstrated that some of
these inhibitors have potent p38 MAPK-inhibitory activities and kinase selectivities (14,
20). In the current study, we explored the antiviral activities of these p38 MAPK
inhibitors against HBV.

RESULTS
Synthesis and evaluation of p38 MAPK-inhibitory activities of biphenyl amides.

Based on the potential use of biphenyl amides as p38 MAPK inhibitors, we synthesized
various biphenyl amides to identify novel anti-HBV agents (Fig. 1). Twelve biphenyl
amides were efficiently synthesized, as previously reported by our group and other
researchers (19, 20), and tested for their abilities to suppress in vitro p38 MAPK
enzyme activity using the SelectScreen kinase-profiling service (Life Technologies).
Inhibition of p38 MAPK with 1 �M biphenyl amide compound ranged from 6% to
97% (Fig. 1).

p38 MAPK-inhibitory activities were positively correlated with the suppression
of HBsAg secretion. To examine the anti-HBV activities of the compounds, HepG2.2.15
cells harboring HBV genotype D were incubated with the compounds for 48 h. All the
compounds except NJK13032 and NJK13040 suppressed HBsAg secretion more than
50% at 10 �M, as determined by HBsAg enzyme-linked immunosorbent assays (ELISAs)
(Bio-Kit). NJK14021 and NJK14027 showed approximately 50% inhibition at 2 �M.
NJK14047 showed the greatest inhibition of p38 MAPK and HBsAg secretion (Fig. 2A).
As depicted in Fig. 2B, in vitro p38 MAPK enzyme inhibition and suppression of HBsAg
secretion by the compounds showed high positive correlation (r2 � 0.8547), suggesting
that the compounds suppressed HBsAg secretion via p38 MAPK inhibition. NJK14047,
which exhibited the most potent HBsAg-suppressive effect, was selected for further
evaluation.

Characterization of NJK14047. The cytotoxic effects of NJK14047 on HepG2 and
HepG2.2.15 cells were analyzed to exclude the possibility that antiviral activity was
caused by cytotoxicity. Treatment with NJK14047 for 48 h did not have any significant
cytotoxic effects on HepG2.2.15 cells at concentrations of up to 20 �M; therefore, 20
�M NJK14047 was used as a maximum concentration for subsequent studies (Fig. 3A).
The cytotoxic effects of NJK14047 on other cell lines were then further analyzed. As
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shown in Fig. 3B, 50% cytotoxic concentration (CC50) values ranged from 53.7 to 110.4
�M for different cancer cell lines, and the CC50 value of NJK14047 in normal mouse
hepatocytes (AML-12 cells) was slightly higher than those in the other tested cell lines
(125.99 �M).

In our previous study, NJK14047 was found to show dose-dependent inhibitory
effects on p38 MAPK (IC50 � 27 nM) (20). To confirm p38 MAPK inhibition in hepato-
cytes, HepG2 cells transfected with a plasmid containing the HBV genome (pHBV-1.2x;
GenBank accession no. AY641558) (21) were treated with 5 or 20 �M NJK14047 and
analyzed by immunoblotting. Treatment with NJK14017 decreased p38 MAPK phos-
phorylation without affecting total protein levels, indicating that NJK14047 was capable
of suppressing p38 MAPK activation in HBV-infected cells (Fig. 3C). In addition,
NJK14047 treatment markedly suppressed the synthesis of mRNAs encoding interleukin
6 (IL-6) and IL-10 in HepG2.2.15 cells in a dose-dependent manner, further confirming
that NJK14047 was capable of suppressing p38 MAPK-mediated inflammatory re-
sponses (Fig. 3D and E).

NJK14047 inhibited the secretion of HBV antigens and blocked viral replica-
tion. To further delineate the anti-HBV activity of NJK14047, HepG2.2.15 cells were
treated with increasing concentrations of NJK14047, and the secretion of HBsAg
was analyzed by ELISA. NJK14047 significantly suppressed HBsAg secretion from
HepG2.2.15 cells in a dose-dependent manner (IC50 � 5.3 �M) (Fig. 4A). In the
experimental setting using HepG2.2.15 cells, we could not detect any significant effect
of NJK14047 on HBeAg secretion, which was also determined by ELISA (data not
shown). This result suggests that NJK14047 is not capable of suppressing HBeAg
production and secretion from HBV genomes stably integrated into chromosomes. The
antiviral effects of NJK14047 were also evaluated using an HBV genome transfection
model with the genotype C viral genome. HepG2 cells were transfected with pHBV-1.2x,
as described previously (21). Twenty-four hours after transfection, the cells were treated
with NJK14047 for 48 h, and the supernatants were analyzed by ELISA. Unlike the
HepG2.2.15 cell system, NJK14047 treatment led to dose-dependent decreases in both
HBsAg and HBeAg secretion (Fig. 4B and C).

FIG 1 Chemical structures and p38 MAPK-inhibitory activities of the tested compounds. In vitro p38 MAPK enzyme-inhibitory activities (percent inhibition) at
1 �M were measured.
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The effects of NJK14047 on HBV virion production were analyzed to examine its
effect on HBV replication. HBV particles were precipitated from culture supernatants of
HepG2.2.15 cells treated with NJK14047, and viral DNA was purified and quantified by
quantitative PCR (qPCR), as described previously (22). HBV production was significantly
reduced by NJK14047 treatment, which indicated that NJK14047 was capable of
suppressing not only viral antigen production, but also viral replication and virion
particle production (Fig. 4D). A similar result was obtained from the experiment using
HepG2 cells transfected with pHBV-1.2x (Fig. 4E).

NJK14047 downregulated HBV pgRNA and cccDNA levels. In order to further
confirm the effects of NJK14047 on HBV replication, its effects on HBV pgRNA levels
were analyzed. A significant decrease of 3.5-kb pgRNA was observed in NJK14047-
treated cells compared with that in vehicle-treated cells, similar to experiments using
HepG2.2.15 cells (Fig. 5A) or HepG2 cells transfected with pHBV-1.2x (Fig. 5B). To
examine whether HBV pgRNA reduction by NJK14047 was due to reduced levels of
cccDNA, which acts as a template for pgRNA, the level of cccDNA was determined in
HepG2.2.15 cells and HepG2 cells transfected with linearized pHBV1.2-x. As shown in
Fig. 5C and D, treatment with NJK14047 resulted in significant reductions of cccDNA
in both experimental settings. Treatment with 5 �M NJK14047 resulted in 70% and 90%
reductions of cccDNA in HepG2.2.15 cells and pHBV-1.2x-transfected cells, respectively.
These results suggested that p38 MAPK inhibition by NJK14047 could suppress cccDNA
establishment and subsequent pgRNA synthesis.

NJK14047 exhibited antiviral activity in an in vitro HBV infection model. The
antiviral activity of NJK14047 was assessed using an in vitro infection model system with

FIG 2 Positive correlation between p38 MAPK-inhibitory activities and HBsAg secretion-inhibitory effects
of tested biphenyl amides. (A) Suppression of HBsAg secretion by the compounds. Culture supernatants
from HepG2.2.15 cells were treated with the compounds (0, 2, or 10 �M) for 48 h, and HBsAg secretion
was then analyzed by ELISA. The experiment was done in triplicate, and the error bars indicate standard
deviations. (B) Correlation between p38 MAPK and HBsAg secretion-inhibitory activities of the
compounds.
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HepG2 cells stably expressing the HBV receptor. NTCP-expressing HepG2-NTCP-C4 cells
were infected with HBV, and production of HBV particles and HBsAg was monitored
with or without NJK14047 treatment. As expected, NJK14047 treatment resulted in
significant decreases in both HBV virion particle production (Fig. 6A) and HBsAg
secretion (Fig. 6B) in a dose-dependent manner.

DISCUSSION

Restriction of viral replication by targeting host factors critical for viral replication
can be an attractive strategy, since it may confer a higher genetic barrier for the
development of resistance than antiviral agents targeting direct viral factors (23, 24).
Current anti-HBV therapeutic agents, such as type I interferon and nucleoside/nucle-
otide analogues, successfully suppress viral replication and reduce the risk of
HBV-related liver complications, including cirrhosis and HCC. However, current
nucleoside/nucleotide regimens require long-term treatment, and the stability of
cccDNA in nuclei is a main obstacle to curing chronic HBV infections. Long-term
antiviral therapy has several disadvantages, including high cost and cumulative
toxicity, resulting in bone diseases and renal tubular injury, and is also limited to
patients with significant viremia and either elevated alanine aminotransferase (ALT)
or significant fibrosis (25). Therefore, there is an urgent unmet need for efficacious
therapies to treat chronic hepatitis B.

p38 MAPK is a promising therapeutic target for various inflammatory diseases
and cancers. Despite extensive efforts to develop specific p38 MAPK inhibitors, no
therapeutically approved p38 MAPK inhibitors have been established. In an effort to
develop novel p38 MAPK-inhibiting chemical agents, we have reported on several

FIG 3 Suppression of HBV antigen secretion by NJK14047. (A) Effects of NJK14047 on the viability of HepG2 and HepG2.2.15 cells. HepG2 and HepG2.2.15 cells
were treated with the indicated concentrations of NJK14047 for 48 h. Cell viability was determined by MTT assay. (B) Cytotoxicity of NJK14047 in various cell
lines. The CC50 values were determined by MTT assays using the indicated cell lines. (C) Suppression of p38 MAPK activation by NJK14047. HepG2 cells
transfected with the HBV genome (pHBV-1.2x) were treated with NJK14047 as indicated. Cell lysates were analyzed by immunoblotting using the indicated
antibodies. (D and E) Effects of NJK14047 on synthesis of IL-6 (D) and IL-10 (E) mRNAs in HepG2.2.15 cells. The cells were treated with increasing concentrations
of NJK14047 for 12 h. mRNA levels were determined by RT-qPCR. The experiments were done in triplicate. The data represent means and standard deviations.
*, P � 0.05, and **, P � 0.01 versus the control.
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novel biphenyl amides and showed that some of them specifically inhibit p38 MAPK
activity (20).

NJK14047 displayed significant p38 MAPK-inhibitory activity and subsequent anti-
viral activity against different genotypes of HBV. Significantly higher concentrations of
NJK14047 were required for antiviral activity at the cellular level than for its in vitro p38
MAPK enzyme inhibition (IC50 � 27 nM). This might be due to its low cellular
penetrating activity or properties interacting with serum components in culture me-
dium. p38 MAPK activity is known to be required for efficient HBV replication and the
maintenance of cccDNA. Thus, inhibiting p38 MAPK activity by using selective inhibitors
can be a potential therapeutic strategy to suppress HBV replication and to decrease the
amount of HBV cccDNA that cannot be eliminated by the currently approved RT
inhibitors. In addition, strategies that target host factors, such as p38 MAPK, would be
expected to lower the risk of generating drug-resistant mutants. Considering the crucial
role of p38 MAPK in the inflammatory process and related pathological conditions, p38
MAPK inhibitors may have additional advantages of alleviating HBV-related hepatic
inflammation. In our previous studies, NJK14047 was shown to be specific to p38
MAPK�/�, showing no or little effect when tested on 92 other kinases. Moreover, the
drug showed the robust ability to suppress the replication of other viruses, such as
respiratory syncytial virus (RSV) and influenza A virus, which require p38 MAPK for their
life cycles.

Given that most reported p38 MAPK inhibitors, including SB203580, show several
off-target effects and low efficacy, partly due to the lack of kinase selectivity, NJK14047
may be a promising drug candidate, possessing potent p38 MAPK-inhibitory activity
and high kinase selectivity. In addition, NJK14047 meets the Lipinski rule of five
(molecular weight, 445.51; calculated logarithm of the partition coefficient (cLogP),
3.120; number of hydrogen bonding donors, 3; number of hydrogen bonding accep-
tors, 6), which suggests that it may possess suitable physicochemical properties for the

FIG 4 Antiviral activity of NJK14047 against HBV. (A and B) Suppression of HBsAg secretion by NJK14047. HepG2.2.15 cells (A) and HepG2
cells transfected with pHBV-1.2x (B) were treated with increasing amounts of NJK14047. HBsAg secretion was analyzed by ELISA. (C)
Suppression of HBeAg secretion by NJK14047. HepG2 cells were transfected with pHBV-1.2x and treated with increasing concentrations
of NJK14047 for 48 h. The amount of secreted HBeAg was determined by ELISA. (D and E) Suppression of HBV particle production by
NJK14047. HepG2.15 (D) and HepG2 cells transfected with the HBV genome (pHBV-1.2x) (E) were treated with NJK14047 for 48 h. Virus
production was determined by measuring extracellular viral DNA using quantitative PCR. All the experiments were done in triplicate.
Statistical significance was tested by Student’s t test. The data are presented as means and standard deviations. *, P � 0.05; **, P � 0.01;
and ***, P � 0.001 versus the control.
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development of an orally active drug. Although the inhibition of p38 MAPK has been
considered a potential therapeutic strategy for various pathological conditions, a
concern regarding toxicity when using p38 MAPK inhibitors has been addressed.
Although NJK14047 displayed significant anti-HBV effects at concentrations that did
not affect cell viability, its therapeutic indexes (TI) (the CC50 divided by the 50%
effective concentration [EC50]), determined by HBsAg secretion from HBV-harboring
cells, were around 10. Therefore, the toxicity and efficacy of NJK14047 should be

FIG 5 Suppression of HBV pgRNA synthesis and cccDNA establishment by NJK14047. (A and B)
HepG2.2.15 cells (A) and pHBV-1.2x-transfected HepG2 cells (B) were treated with increasing amounts of
NJK14047 or entecavir (ETV) (30 nM) for 48 h. The levels of pgRNA (3.5 kb) were determined by
quantitative RT-PCR. (C and D) HepG2.2.15 cells (C) and pHBV-1.2x-transfected HepG2 cells (D) were
treated with increasing amounts of NJK14047 or ETV (30 nM) for 48 h. cccDNA levels were determined
by quantitative PCR. Statistical significance was tested by Student’s t test. The data are presented as
means and standard deviations. *, P � 0.05; **, P � 0.01; and ***, P � 0.001 versus the control. N.S., not
significant.

FIG 6 Suppression of viral replication and HBsAg production by NJK14047 in an in vitro HBV infection
model. HBV was obtained from HepG2.2.15 cell culture supernatants by ultracentrifugation. HepG2 cells
stably expressing NTCP (NTCP-HepG2-C4) were infected with HBV and treated with the indicated
concentrations of NJK14047 or ETV (30 nM) for 48 h. Extracellular viral-DNA levels (A) and secreted HBsAg
levels (B) were determined by quantitative PCR and ELISA, respectively. Statistical significance was tested
by Student’s t test. The data are presented as means and standard deviations. *, P � 0.05, and **, P �
0.01 versus the control.
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carefully monitored through in vivo studies to determine the optimal therapeutic
window.

Taken together, these results suggested that NJK-14047 might be a potential
candidate for further evaluation as an antiviral agent against HBV and other viruses by
suppressing viral replication and infection-mediated inflammatory responses (20).

MATERIALS AND METHODS
Synthesis and analysis of biphenylamide compounds. Synthetic procedures for NJK14018,

NJK14021, NJK14027, and NJK14047 were previously reported (20). Synthetic procedures for the other
compounds (NJK13018, NJK13020, NJK13023, NJK13031, NJK13032, NJK13034, NJK13035, and NJK13040)
are described in the supplemental material (supplementary synthesis procedures). All the structures and
purities of the compounds synthesized in this study were confirmed by analyzing spectral data, such as
1H nuclear magnetic resonance, low-resolution mass spectrometry, and high-resolution mass spectrom-
etry (see the supplemental material).

Cells and viral-genome transfection. HepG2, HepG2.2.15, A549, and HeLa cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and
penicillin-streptomycin (100 U/ml). AML12 cells were maintained in AML12 medium (DMEM/F-12 [1:1]
medium supplemented with GlutaMax, insulin [0.005 mg/ml], transferrin [0.005 mg/ml], selenium
[5 ng/ml], dexamethasone [40 ng/ml], and 10% FBS). Human NTCP (hNTCP)-HepG2-C4 cells (kindly
provided by Koichi Watashi) were maintained in AML12 medium containing G418 (500 �g/ml). For HBV
genome (pHBV-1.2x) plasmid transfection, HepG2 cells were seeded into 6-well plates (4 � 105 cells/2
ml). After incubation for 16 h, the cells were transfected with DNA (4 �g) using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions. To assess cccDNA estab-
lishment from the transfected cells, pHBV-1.2x was linearized by SmaI enzyme treatment (25°C; 12 h), and
DNA purification was carried out using a Mega Quick spin kit (Intron, Republic of Korea) before
transfection.

Cell viability assay. The cytotoxic effects of NJK14047 on various cells were assessed by 3-(4,5-
dimenthylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays, as described previously (26).
Briefly, HepG2, HepG2.2.15, AML12, A549, or HeLa cells in 96-well plates were incubated with different
concentrations of NJK14047 for 48 h. Next, the cell culture media were replaced with fresh medium
containing MTT (40 �g/ml) and further incubated for 4 h. After aspiration, dimethyl sulfoxide (DMSO) was
added to lyse the cells and to solubilize water-insoluble formazan. Absorbance at 570 nm was deter-
mined with a microplate reader.

Analysis of HBsAg and HBeAg secretion. Cells were treated with the indicated compounds, and the
cell culture supernatants were collected and subjected to ELISAs. HBsAg ELISA (Biokit, Barcelona, Spain)
and HBeAg ELISA (DIAsource, Louvain-la-Neuve, Belgium) were conducted according to the manufac-
turers’ instructions.

Viral-particle production analysis. HepG2.2.15 and HepG2 cells transfected with the HBV genome
were treated with the indicated concentrations of NJK14047 for 48 h. Viral particles in the collected
culture supernatants were precipitated using polyethylene glycol 6000 (PEG 6000), as described previ-
ously (27). Viral pellets acquired from HBV genome-transfected cells were treated with RQ1 DNase I
(Promega, WI, USA) according to the manufacturer’s instructions to remove the remaining DNA used for
transfection. The viral genome levels were quantified using quantitative real-time PCR with the following
primers: forward primer, 5=-TTAACAAGAATCCTCACAATACC-3=; reverse primer, 5=-GGAGGTTGGGGACTG
CGAAT-3=.

Determination of pgRNA levels. HBV pgRNA levels in the cells were determined as described
previously, with slight modifications (28). Total RNA was isolated from HepG2.2.15 or HepG2 cells
transfected with the HBV genome using TRIzol and treated with RQ1 DNase I (Promega). RNA was
purified by conventional phenol-chloroform-isoamyl alcohol extraction and ethanol precipitation,
and RNA samples (1 �g) were subjected to cDNA synthesis. The amount of pgRNA was determined
by TaqMan real-time RT-qPCR using the following primers and probe: forward primer, 5=-GGTCCC
CTAGAAGAAGAACTCCCT-3=; reverse primer, 5=-CATTGAGATTCCCGAGATTGAGAT-3=; TaqMan probe,
5=-6-carboxyfluorescein (FAM)-TCTCAATCGCCGCGTCGCAGA-6-carboxytetramethylrhodamine (TAMRA)-
3=. All values were normalized to those of GAPDH as a control.

Quantification of HBV nuclear cccDNA. HBV cccDNA in HepG2.2.15 or HepG2 cells transfected with
the linearized HBV genome was quantified as described previously with some modifications (29).
Collected cells were washed with cold phosphate-buffered saline and lysed by incubation in lysis buffer A (50
mM Tris-HCl, pH 7.4, 1 mM EDTA, 1% NP-40) for 10 min on ice. After brief centrifugation (10,000 � g; 1 min),
the pelleted nuclei were resuspended in lysis buffer B (10 mM Tris-HCl, 10 mM EDTA, 150 mM NaCl, 0.5%
sodium dodecyl sulfate, and 0.5 mg/ml protein K) and incubated overnight at 37°C. DNAs extracted by
phenol-chloroform extraction and ethanol extraction were treated with 10 U Plasmid-Safe ATP-
dependent DNase I (10 U; Epicentre, WI, USA) for 45 min, followed by DNase inactivation at 70°C.
cccDNAs were purified using a Mega Quick spin kit (Intron) and quantified by real-time quantitative PCR
using the following primers and probe: cccF1, 5=-CCGTCTGTGCCTTCTCAT-3=; cccR1, 5=-CACAGCTTGGA
GGCTTGAAC-3=; cccProbe, 5=-FAM-CGTGTGCACTTCGCTTCACCTCTGC-TAMRA-3=.

In vitro HBV infection assay. Culture supernatants were collected every 2 days for 14 days from
HepG2.2.15 cells (4 � 107 cells/150-mm dish). The supernatants were briefly centrifuged and filtered
(0.45 �m) to remove cellular debris. Virus particles were concentrated by ultracentrifugation
(100,000 � g; 3 h; 4°C) and resuspended with AML12 medium containing DMSO (2%) and PEG 8000
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(4%). NTCP-HepG2-C4 cells in AML12 medium containing DMSO (2%) were infected with HBV (6 �
103 genome equivalents/cell), followed by centrifugation (1,300 rpm/1 h). After incubation for 24 h,
the cells were washed and maintained in AML12 medium containing NJK14047 for 7 days. Extra-
cellular viral DNA and HBsAg levels were determined by quantitative PCR and ELISA as described
above.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.00214-17.

SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
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