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FIG 1 JHH-4 and FU97 cells express high levels of the liver-specific host factors required for HCV propagation. (A) Expression of AFP, ALB, ApoB, and ApoE
in cancer cell lines screened by the NextBio Body Atlas application. The expression levels were standardized by the median expression across all cell lines. (B)
Expression of AFP, ALB, ApoB, ApoE, MTTP, and miR-122 in AFP-expressing cell lines including HepG2, Hep3B, FU97, and OV-90 cells identified by NextBio
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with respect to HCV RNA replication, in vitro-transcribed sub-
genomic HCV RNA of the Conl strain was electroporated into
Huh7 and FU97 cells and cultured in medium containing G418
for a month, and then subgenomic replicon (SGR) cells of the
Conl strain were established (Fig. 4A). Replication of HCV RNA
in four clones of the FU97 replicon cells was examined by qRT-
PCR and immunoblotting. All clones contained a high level of
HCV RNA (3 X 107 to 7 X 107 copies/ug total RNA) (Fig. 4B,
upper panel), and the NS5A protein was also detected (Fig. 4B,
lower panel). We examined the localization of NS5A and dsRNA
in clone 5 of FU97 SGR cells by immunofluorescence analysis.
Colocalization of NS5A with dsRNA was observed in clone 5, sug-
gesting that the replication complex required for viral RNA repli-
cation was generated in the FU97 SGR cells (Fig. 4C). It has been
shown that the infectivity of HCVcc in the cured cells that were
established by elimination of the viral genome by treatment with
antivirals from Huh7 replicon cells is significantly higher than that
in parental Huh7 cells (49). To establish FU97 cured cells, two
clones of FU97 replicon cells (clones 5 and 7) were treated with a
combination of either 100 IU/ml of IFN-& and 100 nM BILN 2061
(clones 5-1 and 7-1) or 10 pM BMS-790052 and 100 nM BILN
2061 (clones 5-2 and 7-2) to eliminate viral RNA. Viral RNA was
gradually decreased and was completely eliminated at 26 days
posttreatment in four clones (Fig. 4D), and elimination of NS5A
expression in cured cells was confirmed by immunoblot analysis
(Fig. 4E). Next, to examine the susceptibility of the cured cells to
the propagation of HCVcc, FU97 cured cell clones (clones 5-1 and
7-1) and parental FU97 cells were infected with HCVccat an MOI
of 1. The cured cells are more permissive to HCV infection, result-
ing in increased HCV RNA (Fig. 4F) and NS5A abundances (Fig.
4G) compared to the parental cells. These results suggest that sus-
ceptibility of the cured FU97 cells to the propagation of HCVcc is
higher than that of parental cells, as seen in previous studies using
hepatic and nonhepatic cells (17, 18, 49).

Cured FU97 cells exhibit normal innate immune response. It
has been shown that one of the reasons for the high susceptibility
of the cured cell line, Huh7.5 cells, to HCVcc infection is the
impairment of the innate immune responses caused by mutation
in RIG-1, a key sensor for viral RNA (50). To examine the involve-
ment of the innate immune response in the enhancement of
HCVecc propagation in the cured FU97 cells, the expression levels
of IFN-stimulated gene 15 (ISG15) were determined upon stimu-
lation with IFN-« or infection with VSV. Expression of ISG15 was
significantly increased in both parental and cured FU97 cells by
treatment with IFN-a or infection with VSV (Fig. 5A). To further
confirm the innate immune responses in the cured FU97 cells,
reporter plasmids encoding the luciferase gene under the control
of either the IFN-( (Fig. 5B, left) or ISRE (Fig. 5B, right) promoter
were transfected into both parental and cured FU97 cells and
treated with IFN-a or inoculated with VSV. Activation of these
promoters in the cured cells was comparable to that in the parental
cells. To further assess the authenticity of viral RNA recognition
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and ISG induction pathways in the cured cells, nuclear localiza-
tion of IRF3 and STAT2 upon stimulation was determined by
immunofluorescence analysis. IRF3 and STAT? in both parental
and cured FU97 cells were translocated at similar levels into the
nucleus upon infection with VSV or treatment with IFN-« (Fig.
5C). These results suggest that the efficient propagation of HCVec
in the FU97 cured cells is attributable to reasons other than im-
pairment of innate immunity.

Expression of miR-122 is one of the determinants for HCV
RNA abundances. We hypothesized that HCV replicon cells are
capable of surviving in the presence of G418 by amplification of
the viral genome through the enhancement of miR-122 expres-
sion, and cured FU97 cells acquired the ability to propagate
HCVcce due to the high-level expression of miR-122. Our previous
study also suggested that the expression levels of miR-122 in
Huh7, Hep3B, and HeclB cured cells were higher than those in
parental cells (17, 18). To test this hypothesis, the expression levels
of miR-122 in the cured FU97 cells were compared with those in
parental cells. Interestingly, the cured FU97 cell clones exhibited a
1.8-fold increase in miR-122 expression (Fig. 6A). These results
suggested that the efficient propagation of HCVcc in the cured
FU97 cells was attributable to enhanced expression of miR-122
rather than the impairment of the innate immunity. To further
confirm the correlation between the expression of miR-122 and
HCV RNA abundances, we established FU97 cell lines expressing
various concentrations of miR-122 by using a lentiviral vector
(Fig. 6B), and HCV RNA abundances in these cell lines upon
infection with HCVcc were determined by qRT-PCR (Fig. 6C).
HCV RNA abundances increased in accord with the expression of
miR-122, suggesting that expression of miR-122 is one of the de-
terminants for HCV RNA abundances in cells infected with
HCVcc.

HCV particles produced in FU97 cells exhibit similar charac-
teristics to those in hepatic cells. To examine the characteristics
of viral particles produced in FU97 cells, HCV particles recovered
from the culture supernatants of Huh7.5.1 and FU97 cells infected
with HCVcc were fractionated by buoyant density gradient anal-
ysis. Previous reports indicated that viral RNA and infectious par-
ticles were broadly distributed, with peaks in fractions from 1.13
to 1.14 g/ml and from 1.09 to 1.10 g/ml, respectively (51, 52). In
agreement with the previous data, major peaks of HCV RNA and
infectious particles in culture supernatants of both Huh7.5.1 and
FU97 cells were detected around 1.10 g/ml and 1.09 g/ml, respec-
tively (Fig. 7A and 7B, upper panels). Furthermore, ApoE was
detected around the peak fractions of infectivity in both Huh7.5.1
and FU97 cells (Fig. 7A and B, lower panels). These results suggest
that HCV particles produced in FU97 cells exhibit characteristics
similar to those in hepatic cells.

Effects of anti-HCV drugs on the propagation of HCV in
FU97 cells. To determine the difference in the efficacies of antivi-
rals on the HCV propagated in Huh7 and FU97 cells, three DAAs,
ie., BMS-790052, PSI-7977, and BILN 2061 targeting NS54,

Body Atlas and Huh7, JHH-4, and 293T cells was determined by qPCR. The relative expression of AFP, ApoB, ApoE, MTTP, and ALB mRNA was normalized
to that of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA, and that of miR-122 was normalized to that of U6 snRNA. (C) Secretion of ApoB in the
culture supernatants of Huh7, JHH-4, FU97, OV-90, and 293T cells was determined by immunoblotting by using anti-ApoB antibody. The molecular mass of
ApoB100 secreted from hepatocyte is about 500 kDa. (D) Expression of CLDN1, SR-BI, and OCLN in these cell lines was determined by immunoblotting. (E)
Expression of hCD81 in the cell lines was determined by flow cytometry. (F) HCVpv-bearing HCV envelope proteins and control virus (Ctrlpv) were inoculated
into the cell lines, and luciferase activities were determined at 24 h postinfection. Asterisks indicate significant differences (¥, P < 0.05; **, P < 0.01) versus the

results for control virus.
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NS5B, and NS3/4A, respectively, were treated with various con-
centrations at 3 h postinfection with HCVcc, and the intracellular
HCV RNA level was determined by qRT-PCR at 48 h postinfec-
tion. Treatment with these DAAs inhibited the HCV RNA level in
a dose-dependent manner in both Huh7 and FU97 cells (Fig. 8A,
bar graphs) and exhibited no cell toxicity at all even at the highest
dose (Fig. 84, line graphs). The inhibitory effects of BMS-790052
(Fig. 8A, top graphs) on the propagation of HCVcc in FU97 cells
were higher than those in Huh7 cells, and the 50% effective con-
centration (ECy,) values of BMS-790052 against propagation of
HCVecin FU97 and Huh?7 cells were 7.2 and 21.8 pM, respectively
(P < 0.05). On the other hand, the antiviral effects of BILN 2061
(Fig. 8A, bottom graphs) on the propagation of HCVcc in FU97
cells were lower than those in Huh7 cells, and ECys of BILN 2061
against propagation of HCVcc in FU97 and Huh7 cells were 65.0
and 38.9 nM, respectively (P < 0.01). PSI-7977 showed almost
equivalent inhibitory effects to HCV propagated in FU97 and
Huh7 cells, and the ECsos of PSI-7977 against propagation of
HCVec in FU97 and Huh7 cells were 34.6 and 44.1 nM, respec-
tively (Fig. 8A, middle graphs). These results suggest that the an-
tiviral effect of DAAs on the propagation of HCVcc varied be-
tween Huh7 and FU97 cells.

Next, we examined the efficacy of IFN-«, RBV, and cyclospo-
rine, which are inhibitors for HCV targeting host factors involved
in the propagation of HCVce (53-55), on the propagation of
HCVcc in Huh7 and FU97 cells. Cells were treated with various
concentrations of the reagents at 3 h postinfection with HCVcc,
and the level of intracellular HCV RNA was determined by qRT-
PCR at 48 h postinfection. In contrast to the treatment with DAAs,
both Huh7 and FU97 cells exhibited cell toxicity by the treatment
with RBV and cyclosporine but not with IFN-a at higher concen-
trations (Fig. 6B, line graphs). The inhibitory efficacies of IFN-o
(Fig. 8B, top graphs) and cyclosporine (Fig. 8B, bottom graphs) on
the propagation of HCVcc in FU97 cells were lower than those in
Huh?7 cells, and the EC5ys of IFN-o against propagation of HCVec
in FU97 and Huh7 cells were 4.3 and 2.5 IU/ml, (P < 0.05), re-
spectively; those of cyclosporine were 6.9 and 3.2 pg/ml (P <
0.01), respectively. On the other hand, the antiviral effect of RBV
on the propagation of HCVccin FU97 cells was higher than that in
Huh7 cells, and the EC5os of RBV against propagation of HCVec
in FU97 and Huh7 cells were 99.0 and 198.9 uM, respectively (P <
0.05) (Fig. 8B, middle graphs). These results suggest that the effi-
cacies of anti-HCV drugs targeting host factors involved in the
infection of HCV were also different between Huh7 and FU97
cells.

FU97 cells exhibit higher susceptibility to HCVcc/JFH-2
propagation than Huh7 cells. HCVcc/JFH-2 was cloned from a
patient with fulminant hepatitis and exhibited efficient propaga-
tion in Huh?7 cured cells (34). In vitro-transcribed RNA of pJFH2/
AS/mtT4 encoding a full-length JFH-2 strain was electroporated

Human Liver-Specific Factors for HCV Propagation

into Huh7.5.1 cells, and HCVec/JFH-2 of 1.5 X 10° FFU/ml was
recovered in the supernatants after serial passages. To examine the
susceptibility of FU97 cells to the propagation of HCVcc/JFH-2,
cells were infected with HCVce/JFH-2 at an MOI of 1, and the
intracellular HCV RNA level was determined by qRT-PCR. Intra-
cellular HCV RNA in parental and cured FU97 cells increased
until 72 h postinfection, while it reached a peak at 48 h postinfec-
tion in Huh?7 cells, and the highest HCV RNA level was observed
in the cured FU97 clones upon infection with HCVee/JFH-2 (Fig.
9A). Infectious titers in the culture supernatants at 72 h postinfec-
tion with HCVcc/JFH-2 were also highest in the cured FU97 7-1
cells (2.5 X 10" FFU/ml), followed by parental FU97 (1.2 X 10*
FFU/ml) and Huh7 (9 X 10° FFU/ml) cells (Fig. 9B). Next, we
examined the expression and subcellular localization of HCV pro-
teins in cells infected with HCVcc/JFH-2 by immunofluorescence
analysis. Expression of NS5A in cells upon infection with HCVec/
JFH-2 was highest in the cured FU97 7-1 cells, followed by paren-
tal FU97 cells, and that in Huh7 cells was low (Fig. 9C, left panels).
Core protein was detected around LDs in cells infected with
HCVcc/JFH-2, as seen in those infected with the HCVcc/JFH-1
strain (Fig. 9C, right). To further confirm the efficient propaga-
tion of HCVec/JFH-2 in FU97 cells, in vitro-transcribed viral
RNAs of the JFH-1 and JFH-2 strains of HCVcc were electropo-
rated into Huh7, FU97, and cured FU97 cells. Although the infec-
tious titers of the JFH-1 strain in FU97 cells were lower than those
in Huh?7 cells, those of the JFH-2 strain in FU97 and cured FU97
cells were significantly higher than those in Huh7 cells (Fig. 9D).
These results suggest that FU97 cells are more susceptible to prop-
agate HCVcc/JFH-2 than Huh7 cells.

DISCUSSION

Several reports have shown that hepatic differentiation is involved
in the susceptibility of ES/iPS$ cells to HCVcc infection (28, 30, 41).
In addition, in hepatic cancer cell lines, including Huh7, HepG2,
and Hep3B, cells derived from not poorly but well-differentiated
HCC permit complete propagation of HCVcc (15-17), suggesting
that hepatic differentiation is closely related to the susceptibility of
cells to HCVcc propagation. In this study, we identified two cell
lines susceptible to HCVcc infection by the screening of cancer cell
lines expressing AFP as a marker of hepatic differentiation. HCC-
derived JHH-4 cells and gastric cancer-derived FU97 cells permit
complete propagation of HCVcc without any exogenous expres-
sion of the host factors required for HCVcc propagation, includ-
ing HCV receptor candidates, miR-122, and apolipoproteins. In
particular, FU97 cells exhibited higher susceptibility to HCVec/
JFH-2 infection than Huh?7 cells, suggesting that FU97 cells would
be useful tools for further HCV analyses.

Although HCV has been classified into seven major genotypes
and a series of subtypes (56, 57), the in vitro infection model had
been restricted to the JFH-1 strain based on the genotype 2a until

FIG 2 JHH-4 and FU97 cells permit HCV propagation. (A) Intracellular HCV RNA levels in Huh7, JHH-4, and FU97 cells inoculated with HCVcc at an MOI
of 1, treated with 100 TU/ml of IFN-c or untreated (mock), were determined by QRT-PCR at 12, 24, 48, and 72 h postinfection (hpi). Infectious titers in the culture
supernatants of Huh7, JHH-4, FU97, and 293T-CLDN/miR-122 cells infected with HCVcc at an MOI of 1 were determined by a focus-forming assay at 72 h
postinfection (bar graph). (B) Exogenous expression of miR-122 in Huh7, JHH-4, and FU97 cells by lentiviral vector (bar graph). Total cellular miRNA extracted
from the cells was subjected to qRT-PCR. U6 was used as an internal control. Intracellular HCV RNA in Huh7, JHH-4, and FU97 cells inoculated with HCVcc
atan MOI of 1 was determined by qRT-PCR at 12, 24, 48, and 72 h postinfection. Solid and broken lines indicate HCV RNA abundances in miR-122-expressing
and GFP-expressing control cells, respectively. (C) Huh7, JHH-4, and FU97 cells were infected with HCVcc at an MOl of 1, fixed with 4% PFA, and subjected to
immunofluorescence analyses by using antibodies against core, NS5A, dsRNA, and calregulin. Lipid droplets and cell nuclei were stained by BODIPY and DAPI,
respectively. Asterisks indicate significant differences (¥, P < 0.05; **, P < 0.01) versus the results for control cells.
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FIG 3 JHH-4 and FU97 cells permit complete propagation of HCVcc without any exogenous expression of host factors crucial for propagation of HCVcc. (A)
Effect of inhibitors on the propagation of HCVcc in Huh7, JHH-4, and FU97 cells. (Left panels) HCVcc was preincubated with anti-E2 antibody and inoculated
into cells. Cells were preincubated with anti-hCD81 antibody or isotype control antibody (Ctrl IgG) and then infected with HCVcc. (Right panels) Cells were
infected with HCVcc and treated with miR-122-LNA (30 nM) or Ctrl-LNA (30 nM) at 6 h postinfection. (B) Huh7, JHH-4, and FU97 cells infected with HCVcc
at an MOI of 1 were treated with dimethyl sulfoxide (DMSO) or MTTP inhibitor, CP-346086 (5 uM)or BMS-200150 (10 uM), at 3 h postinfection. Intracellular
HCV RNA in cells at 12, 24, 48, and 72 h postinfection was determined by qRT-PCR (left panels). Infectious titers in the culture supernatants of cells infected with
HCVccat an MOI of 1 and treated with 5 uM CP-346086, 10 pM BMS-200150, or dimethyl sulfoxide alone (DMSO) at 3 h postinfection were determined at 72
h postinfection by a focus-forming assay (right graphs). (C) mRNA and protein expression levels of ApoB and ApoE (left panels) in Huh7, JHH-4, and FU97 cells
at 48 h posttransfection with siRNA targeting either ApoB or ApoE or a control siRNA (siApoB, siApoE, or siCtrl, respectively) were determined by QRT-PCR and
immunoblotting, respectively. Huh7, JHH-4, and FU97 cells were infected with HCVcc at an MOI of 1 at 6 h posttransfection with siRNA targeting either ApoB
or ApoE or a control siRNA (siApoB, siApoE, or siCtrl, respectively) (right panels). Intracellular HCV RNA at 12, 24, 48, and 72 h postinfection and infectious
titers in the culture supernatants at 72 h postinfection were determined by qRT-PCR and focus-forming assay, respectively. Asterisks indicate significant
differences (¥, P < 0.05; **, P < 0.01) versus the results for control cells.
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FIG 4 Establishment of HCV RNA replicon and cured FU97 cells. (A) Wild-type SGR RNA (Con1-SGR) or replication-defective RNA (Con1-GND) of the HCV
Conl strain was electroporated into Huh7 and FU97 cells and replaced with medium containing 1 mg/ml and 400 pg/ml of G418 at 24 h postelectroporation,
respectively. Colonies were stained with crystal violet at 30 days postselection. (B) Four clones derived from FU97 SGR cells (clones 5,7, 9, and 11) were subjected
to qRT-PCR after extraction of total RNA (upper panel) and to immunoblotting using anti-NS5A antibody (lower panel). Huh9-13 cells, which were Huh7-
derived Conl-SGR cells, were used as a positive control. (C) Huh9-13 cells, Huh7 parental cells, FU97-derived Con1-SGR cells (FU97 SGR, clone 5), and FU97
parental cells were fixed in 4% PFA and subjected to immunofluorescence assay using anti-NS5A and anti-dsRNA antibodies. Cell nuclei were stained by DAPIL.
(D) Elimination of HCV RNA from FU97-derived Con1-SGR cells. Two clones derived from FU97 SGR cells (clones 5 and 7) were treated with a combination
of either 100 IU/ml of IFN-o and 100 nM BILN 2061 (clones 5-1 and 7-1) or 10 pM of BMS-790052 and 100 nM BILN 2061 (clones 5-2 and 7-2) to eliminate the
HCV genome. Clones 5-Ctrl and 7-Ctrl are negative controls, untreated with anti-HCV drugs. Intracellular HCV RNA at 3, 8, 11, 18, 22, and 26 days
posttreatment was determined by qRT-PCR. (E) The expression levels of NS5A in FU97 SGR cells (clones 5 and 7) and in FU97 cured cells (clones 5-1 and 7-1)
were determined by immunoblot analysis using anti-NS5A antibody. (F) FU97 cured cells (clone 5-1 and clone 7-1) and parental cells were infected with HCVcc
at an MOI of 1; the levels of intracellular HCV RNA at 12, 24, 48, and 72 h postinfection were determined by QRT-PCR. (G) The expression of NS5A in Huh?7,
Huh7.5.1, FU97, and cured FU97 clone 7-1 was determined by immunofluorescence analysis at 72 h postinfection by using anti-NS5A antibody. Asterisks
indicate significant differences (*, P < 0.05; **, P < 0.01) versus the results for control cells.

recently (15). To clarify the pathogenesis of HCV depending on  structural proteins, p7 and the complete or partial NS2, were gen-
the genotypes, the establishment of cell-culture-adapted clones erated for various genotypes of HCV (56, 59, 60). Although robust
derived from various genotypes is essential (58). Viable JFH1-  propagation systems of full-length HCV infectious clones of the
based intergenotypic recombinants, containing genotype-specific ~ H77 strain (genotype 1a) (61), TN strain (1a) (62), JFH-2 strain

May 2014 Volume 88 Number 10 jviasm.org 5587

150

AINN YIVSO Ad 102 ‘Gt Aepy uo /610 wseIAl/:diy wouy pspeojumo(



Shiokawa et al.

A 5 {log10)

Huh?7 FU97

{7 mock
IFN-a
B vsv

1

Relative expression 1SG15/ GAPDH

24 (hpt)

4 8 12

(RLY)

2000+

1500

1000

5004

mock vsv

IRF3 Merge

DAPl  STAT2  Merge

- -
mock IFN-a vsv

Merge Merge

Merge

Merge DAPI

STAT2

Huh7

FU97

FU97 cured #7-1
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with VSV. The expression of mRNA of ISG15 at 4, 8, 12, and 24 h posttreatment (hpt) was determined by gPCR and standardized by that of glyceraldehyde-3-
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with VSV at an MOI of 1 at 24 h posttransfection (left). Cells cotransfected with pISRE-Luc and pRL-SV40 were infected with VSV at an MOI of 1 or stimulated
with 100 IU/ml of IFN-« at 24 h posttransfection (right). Luciferase activities were determined at 24 h posttreatment. (C) Huh7, parental FU97, and cured FU97
(clone 7-1) cells were infected with VSV at an MOI of 1 or stimulated with 100 [U/ml of IFN-a, fixed with 4% PFA at 18 h posttreatment, and subjected to
immunofluorescence assay using anti-IRF3 and -STAT2 antibodies. Cell nuclei were stained by DAPI. Asterisks indicate significant differences (¥, P < 0.05; **,

P < 0.01) from the results for control cells.

(2a) (34), and S310 strain (3a) (63) were established, the construc-
tion of infectious clones of other genotypes has not succeeded yet.

Because permissive cell lines for HCVcc infection in vitro had
been limited to Huh7 cells due to cell tropism and the narrow host
range (13, 14), the establishment of a novel cell culture system
supporting HCV propagation is needed for further HCV analyses.
Previous reports have demonstrated that HepG2, Hep3B, and
HEK293 cells permit HCVcc propagation (16, 17, 64). However,
exogenous expression of host factors is necessary for complete
propagation of HCVcc in these cell lines. In HepG2 and Hep3B

5588 jvi.asm.org

cells, overexpression of miR-122 is essential for efficient replica-
tion of HCV RNA (16, 17). In HEK293 cells, the exogenous ex-
pression of CLDN1, miR-122, and ApoE was required for infec-
tious particle formation upon infection with HCVcc (64). On the
other hand, JHH-4 and FU97 cells permit complete propagation
of HCVcc without any exogenous expression of the host factors
required for propagation of HCVcc. JHH-4 cells grown in a three-
dimensional radial-flow bioreactor were successfully infected fol-
lowing inoculation with plasma from an HCV carrier and trans-
fection of HCV RNA transcribed from full-length cDNA (44). In
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addition, JHH-4 cells were suggested to possess some host factors
involved in the enhanced translation of HCV RNA (64, 65). Fur-
thermore, high susceptibility of FU97 cells to HCVec/JFH-2 infec-
tion compared to Huh7 cells raises the possibility of using FU97
cells for the propagation of HCVcc derived from other genotypes,
including the H77, TN, and S310 strains.

AFP-producing gastric cancer (AFPGC) cell lines, FU97 and
Takigawa cells (66), which were identified by using a cDNA array
database, were shown to express high levels of liver-specific fac-
tors. AFPGC is a rare case and exhibits a worse prognosis and the
characteristics of early hepatic metastasis (67). It is hypothesized
that production of AFP, which is suppressed in mature hepato-
cytes, is induced in HCC by the dedifferentiation of cancer cells or
the increase in oval cells in the oncogenic pathway (68). Oval cells
are believed to be capable of producing AFP, are candidates for
hepatic stem cells, have bipotentiality to differentiate into hepato-
cytes and bile duct epithelial cells, and play an important role in
liver regeneration (69, 70). These hypotheses suggest that cancer
cells acquired a new function, such as the ability to produce AFP
through an alteration in differentiation status. Although the
mechanism of AFP production in gastric cancer remains un-
known, hepatic dedifferentiation might be induced in gastric can-
cer. Furthermore, previous reports have proposed the concept of
“hepatoid adenocarcinoma” based on the differentiation of
AFPGC into hepatocyte-like cells (71, 72), suggesting that FU97
and Takigawa cells obtained the hepatocyte-like characteristics
required for HCV propagation through dedifferentiation during
the oncogenic process. In addition, recent studies demonstrated
that hepatocyte-like cells derived from induced pluripotent stem
cells (iPS cells/iPSCs) express high levels of miR-122 and VLDL-
associated proteins and support propagation of HCVcc and HCV
derived from patient serum (28-30). These results suggest that
hepatic differentiation required for hepatic functions plays crucial
roles in HCV propagation. In accord with these observations, our
data suggest that cancer cell lines differentiated into hepatocyte-

6
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FIG 7 HCV particles produced in FU97 cells exhibit similar characteristics to those in hepatic cells. HCV particles in the culture supernatants of Huh7.5.1 and

FU97 cells were harvested at 72 h postinfection with HCVcc and analyzed by using iodixanol density gradient centrifugation. HCV RNA and infectious titers of
each fraction were determined by qRT-PCR and focus-forming assay, respectively. Buoyant density was plotted for each fraction (upper panels). Expression of

ApoE in each fraction was detected by immunoblotting using anti-ApoE antibody (lower panels).
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cured 7-1 cells were infected with HCVcc/JFH-2 at an MOI of 1, fixed with 4% PFA at 72 h postinfection, and subjected to immunofluorescence assay using
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like cells to gain hepatic functions could permit complete propa-
gation of HCVcc.

Treatment with DAAs including BMS-790052 (NS5A inhibi-
tor) (73), PSI-7977 (NS5B polymerase inhibitor) (74), and BILN
2061 (NS3/4A protease inhibitor) (75) inhibited propagation of
HCV in both Huh7 and FU97 cells infected with HCVcc without
any cell toxicity. Antiviral effects of BMS-790052 and BILN 2061
were significantly different between Huh7 and FU97 cells, sug-
gesting that efficacies of DAAs are varied, depending on cell lines.
Although anti-HCV drugs targeting host factors including IFN-a,
RBYV, and cyclosporine also inhibited propagation of HCVccin a
dose-dependent manner in both Huh7 and FU97 cells, treatment
with RBV and cyclosporine produced cell toxicity at higher con-
centrations than treatment with DAAs. Although the antiviral

May 2014 Volume 88 Number 10

mechanism of RBV against HCV has not been well elucidated yet
(53), inhibitory effects of RBV against HCV infection were signif-
icantly higher in Li23 cells than those in Huh?7 cells (76, 77), and
RBV also exhibited a low inhibitory effect upon infection with
HCVecc in Huh?7 cells compared to that in FU97 cells. Although
adenosine kinase (ADK) was shown to be a determinant for the
sensitivity of RBV (78), the expression levels of ADK in Huh7 and
FU97 cell lines were comparable (data not shown).

The IL28B genotype is associated with the sensitivity of IFN
treatment for chronic hepatitis C patients (79-81), and patients
with the minor IL28B genotype exhibit lower susceptibility to the
treatment than those with major genotypes. Although FU97 cells
showed lower sensitivity to the IFN-a treatment than Huh7 cells,
FU97 and Huh7 cells possess major and minor IL28B genotypes
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(data not shown), respectively. Furthermore, induction of ISG15
by treatment with IFN-a was almost comparable between Huh7
and FU97 cells (Fig. 5A), and expression levels of IFN-a receptor
in the cell lines were the same (data not shown), suggesting the
involvement of other factors in the difference in the IFN responses
between FU97 and Huh?7 cells.

Cyclophilins possess peptidyl-prolyl cis/trans isomerase
(PPlase) activity and are involved in protein folding and assembly.
Cyclophilin A (CypA), the most abundant cyclophilin, localizes in
the cytoplasm and interacts with the immunosuppressive drug
cyclosporine (82). In addition, CypA has been shown to be in-
volved in the propagation of human immunodeficiency virus (83,
84), hepatitis B virus (85, 86), influenza A virus (87), and HCV
(88). Replication of HCV RNA was inhibited by suppression of the
PPlase activity of CypA by treatments with cyclosporine, muta-
tion in the active site of CypA, and knockdown of CypA (55, 89—
91). The same level of CypA expression in Huh7 and FU97 cells
(data not shown) suggests that the difference in inhibitory effect of
cyclosporine in the cell lines may be attributable to other reasons,
such as a difference in PPlase activity of CypA in these cell lines.
The differences in the efficacy of anti-HCV drugs between Huh7
and FU97 cells were small; however, FU97 cells have the possibility
to possess antiviral activity different from that of Huh7 cells.

In summary, we identified novel permissive cell lines for com-
plete propagation of HCVcc without any artificial manipulation.
In particular, gastric cancer-derived FU97 cells exhibited a much
higher susceptibility to HCVcc/JFH-2 infection than observed in
Huh7 cells, suggesting that FU97 cells would be useful for further
investigation of the HCV life cycle, as well as the development of
therapeutic agents for chronic hepatitis C.
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Abstract

Aim: The factors associated with the outcome of sequential therapy with interferon-a.

nsferase (ALT) below 30 IU/L, and hepatitis B e antigen negativity at 24

months after completing the treatment. Results: Multivariate analysis revealed that

hepatitis-B surface antigen (HBsAg) of 23.0 log U/ml (P <0.002) and hepatitis B

py were significantly related (P <0.001), and receiver operating

nalysis showed that both maximal ALT (P <0.001) and HBV DNA (P
1) ere;significantly related to the final 24-month response. Conclusions: The
nal use of HBsAg and HBcrAg levels may be useful to predict the 24-month
f NUCs/IFNa sequential therapy. Maximal levels of ALT and HBV DNA

t-treatment follow-up might also help monitor responses to IFNa sequential

Keyw : nucleos(t)ide analogues, interferon-a, sequential therapy, hepatitis B

surface antigen, hepatitis B core-related antigen

This article is protected by copyright. All rights reserved.

161



Introduction

hepatifisf@ are required to undergo extended treatment with NUCs because early

di tinuance often leads to relapse.® ¢ In contrast, the remission of chronic hepatitis

ed antigen (HBcrAg) levels were associated with a favorable clinical
> in subjects negative for hepatitis B e antigen (HBeAg) and HBV DNA at NUC

discontinuation. ' 14 Although we identified patients in whom NUCs could be safely
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halted with high reliance, such patients accounted for a relatively minor percentage.
Therefore, we conducted the present study to analyze the effect of IFNa sequential

successfully stopping NUCs.

is report retrospectively analyzes the factors associated with outcome of
quential therapy following NUC treatment. As the subjects were followed
treatment responses at 24 months after stopping IFNa were evaluated and

ed with those at 6 and 12 months.

total of 50 patients with chronic hepatitis B who underwent IFNo sequential
order to halt NUC therapy between May, 2002 and September, 2010 were

ubjects received NUC plus IFNa for 4 weeks followed by IFNa alone for 20

3 million units during exceptional circumstances, such as side effects. All

pa eted 24 weeks of IFNa administration and received over 80% of the

ranomon Hospital, Hiroshima University Hospital, Chiba University

he Hospital of Hyogo College of Medicine, Kumamoto Shinto General

nd Teine Keijinkai Hospital). The demographic data of the subjects are

d in Table 1. The median age at NUC cessation was 35 years. Approximately
thr

urths of the patients were men. Genotype C HBV was predominant as has

earlier been reported for Japan.® Eighty-six percent of patients began NUC therapy
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with LVD and 14% did so with ETV. The duration of NUC administration ranged from 4

to 121 months. The follow-up period was defined as the point of stopping IFNa

stration up until the last visit or to when NUCs were re-administered due to
tion of hepatitis B. NUCs were recommenced in 25 (50%) of the 50 patients
en mong them, 17 were treated before judgment of the 24-month response to
se therapy. All patients requiring re-administration of NUCs possessed ALT
lev over 80 [U/l and HBV DNA levels of over 5.8 log copies/ml at or just before
oint of NUC re-continuation, which fulfilled the established requirements for

restarting NUCs."® 14 16

sAg was confirmed to be positive on at least two occasions at least 6
month"s’;*aéart in all patients before NUC treatment. Tests for hepatitis C and human
immunodeficiency virus antibodies were all negative. Patients complicated with HCC
hepatic failure at the cessation of NUC administration were excluded from
No such complications were observed during follow-up.

With few exceptions, patients were seen at least once a month during the first
ow-up, at least once every 3 months during the second year, and at least
on 6 months afterwards. No patient developed HCC or hepatic failure during
the p period. Stored serum samples were kept frozen at -20°C or below until

his study was approved by the Ethics Committees of all participating

in§ti‘tutio'ﬁs (approval reference 1117 for Shinshu University Hospital, 24085 for

eneral Hospital, and “Analysis of efficacy of IFN to stop NUCs in patients with

chronic hepatitis B” for Teine Keijinkai Hospital).
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