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Figure 6. Distribution of DDX3 and IPS-1. (A) DDX3 colocalizes with IPS-1 on the mitochendria in Oc cells. HA-tagged DDX3 and FLAG-tagged
IPS-1 were co-transfected into Oc cells. After 24 hrs, cells were fixed with formaldehyde and stained with anti-HA polyclonal and FLAG monocional
Abs. Alexad88 (DDX3-HA) or Alexa633 antibody was used for second antibody. Mitochondria were stained with Mitotracker Red. Similar [PS-1-DDX3
merging profiles were observed in Huh7.5.1 cells (Fig. $3). (B,C) O cells with the HCV replicon poorly formed the DDX3-P5-1 complex. Plasmids
carrying IPS-1 (100 ng} or DDX3 (150 or 300 ng) were transfected into O (HCV replicon +) as in Oc cells {no replicon, panel A). After 24 hrs, localization
of IPS-1 and DDX3 was examined by confocal microscopy. Two representatives which differ from the conventional profile (as in panel A} are shown.
Similar sets of experiments were performed four times to confirm the results.

doi:10.1371/journal.pone.0014258.g006

(Fig. S2A). MDA5-dependent IFN-beta promoter activation was
also suppressed by the core expression (Fig. S2B). The inhibitory
effect of the core protein on DDX3-IPS-1 interaction was further
confirmed using an 1b core isoform isolated from a patient. This
HCV core protein also reduced interaction as well as IPS-1-
mediated IFN-beta promoter activation (Fig. 5A). The blocking
effect was relatively weak in cells expressing IPS-1 and full-length
DDX3 (Fig. 5B). We presume that this is because there are
multiple binding sites for IPS-1 in the DDX3 whole molecule [11].
For binding assay, we used DDX3 2-3c¢ (across a.a. 199~662,
longer than 224~662) instead of the whole DDX3, In fact,
DDX3(199-662)-1PS-1 interaction was blocked by the additional
expression of core protein (HCVO, JFHI or 1b core) in Fig. 5C.
Ulumately, HCV core protein suppresses IPS-1 signaling by
blocking the interaction between the C-terminal region of
DDX3 and the CARD-like region of IPS-1, and this inhibition
apparently causes the disruption of the active RIG-1/DDX3/
IPS-1 complex that efliciendy induces IFN-beta production

signaling.

Localization of DDX3 and HCV core protein in O cells

We attempted to confirm this finding by tag-expressed proteins
and imaging analysis. In Huh7.5 cells IPS-1 colocalized with
DDX3 around the mitochondria (Fig. 83), and so did in the
hepatocyte lines Oc cells with no HCV replicon (Fig. 6A). In Oc
and Huh7.5.1 cells with no HCV replicon, abnormal distribution
of IPS-1 was barely observed (Fig. 6A, Fig. 83). In O cells
expressing DDX3 and IPS-1, by contrast, two distinct profiles of
IPS-1 were observed in addition to the Fig. 6A pattern of IPS-1:
diminution or spreading of the IPS-1 protein over mitochondria
(Fig. 6B,C). IPS-1 may be degraded by NS3/4A in some replicon-
expressing O cells as reported: previously [5,28]. We counted
number of cells having the pattern represented by Fig. 6 panel B
and those similar to Fig. 6 panel C, and in most cases the latter
patterns were predominant.

What happens in the O cells with replicon when the core
protein is expressed was next tested. Using O and Oc cells, we
tested the localization of the core protein and DDX3 in
comparison with IFN-inducing properties (Fig. 3). In O cells with
full-length HCV replicon, DDX3 was localized proximal to the
lipid droplets (LD) (Fig. 7A top panel) around which HCV
particles assembled [29]. HCV core protein and DDX3 were
partly colocalized in the HCV replicon-expressing cells (Fig. 7A
center panel). The results were confirmed with HCV replicon-
expressing O cells where endogenous core and DDX3 were
stained (Iig. 7B upper panel). Partial merging between core and
DDX3 was reproduced in this case, too. In contrast, sO cells,
which possess a subgenomic replicon lacking the cording region of
the core protein, showed no merging profile of DDX3 and LD
(Fig. 7A bottom panel). Likewise, Oc cells barely formed assembly
consisting of LD (where the core assembles) and overexpressed
DDX3 (Fig. 7A bottom panel) or endogencus DDX3 {Fig. 7B
lower panel). O cells expressing DDX3 tended to form large spots
compared to Oc cells (with no replicon) and sO cells (core-less
replicon) with DDX3.
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Overexpressed DDX3 allowed the Oc cells to induce 1PS-1-
mediated 1FN-beta promoter activation (Fig. 3B), while this failed
1o happen in O cells having HCV replicon (Fig. 3A). Ultimately,
overexpressed IPS-1 did not [facilitate efficient merging with
DDX3 in O cells with replicon (Fig. 6B,C) compared to Oc cells or
Huh7.5 cells with no replicon (Fig. 6A, Fig. $3). The results on the
functional and immnoprecipitation analyses, together with the
imaging profiles, infer that the IPS-1-enhancing function of DDX3
should be blocked by both NS3/4A-mediated 1PS-1 degradation
and the HCV core which translocates DDX3 [rom the IPS-1
complex to the proximity of LD in HCV replicon-expressing cells.

Discussion

We investigated the eflect of the HCV core protein on the
cytosolic DDX3 that forms a complex with IPS-1 to enhance the
RIG-1-mediated RNA-sensing pathway, We demonstrated that
the core protein removes DDX3 from the IFN-B-inducing
complex, leading 1o suppression of IFN-f induction. DDX3 is
functionally complex, since its protective role against viruses may
be modulated by the synthesis of viral proteins. DDX3 acts on
multiple steps in the IFN-inducing pathway [30]. In addition,
DDX3 interacts with the HCV core protein in HCV-infected cells
and promotes viral replication [16]. This alternative function is
accelerated by the HCV core protein, resulting in augmented
HCV propagation [14,16]. More recently, Patal et al., reported
that interaction of DDX3 with core protein is not critical for the
support of viral replication by DDX3, although DDX3 and core
protein colocalize with lipid droplet [15]. If this is the case, what
function is revealed by the interaction between DDX3 and HCV
core protein remain unsetled. At least, HCV replication is not
blocked by this molecular interaction [13].

It remains unclear in Fig. 4C why higher doses of JFH1 core
protein are required 1o inhibit enhancement of IPS-1 signaling by
endogenous DDX3 than by exogenously overexpressed DDX3.
One possibility is that endogenous DDX3 is preoccupied in a
molecular complex other than the IPS-1 pathway since DDX3 is
involved in almost every step of RNA metabolism and its
localization affects its functional profile [18,30].

Together with these findings, the results presented here suggest
that the HCV core inactivates IPS-1 in a mode different from
NS3/4A [5,31]. The core protein may switch DDX3 from an
antiviral mode to an HCV propagation mode. The core protein
localizes to the N-terminus of the HCV translation product, and is
generated in infected cells before NS3/4A proteolytically liberates
non-structural proteins and inactivates IPS-1. Our results on how
the HCV core protein interferes with the interaction between
DDX3 and IPS-1 add several possibilities to notions about the
HCV function on the IFN-beta-inducing pathway [18].

DDX3 appears to be a prime target for viral manipulation,
since at least three different viruses, including HCV [14], Hepatitis
B virus [32], and poxviruses |8], encode proteins that interact with
DDX3 and modulate its function. These viruses seem to co-opt
DDX3, and also require it for replication. The viruses are all
oncogenic, and may confer oncogenic properties to DDX3.
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Figure 7. Partial association of endogenous and overexpressed DDX3 with HCV core protein in hepatocyte lines. (A) O cells with the
HCV replicon form DDX3-containing speckles in the cytoplasm. O cells contain full-length HCV replicon, and Oc cells do not [16). O cells were
transfected with a plasmid expressing HA-tagged DDX3 (top panel). In other experiments, O cells were transfected with plasmids expressing HA-
tagged DDX3 and FLAG-tagged HCV core protein (center panel). After 24 hrs, cells were stained with anti-HA or FLAG antibodies. Proteins were
visualized with Alexa488 or 564 second antibodies and the LD was stained with BODIPY493/503. In the bottom panel, Oc cells (no replicon) and sO
cells with the core-less subgenomic replicon [16] were transfected with a plasmid expressing HA-tagged DDX3. After 24 hrs, cells were stained with
anti-HA antibodies. LD was stained with BODIPY493/503. (B) Endogenous DDX3-HCV core association in O cells. O or Oc cells were cultured to amplify
the HCV replicon. Cells were stained with anti-core mAb and anti-DDX3pAb and secondary antibodies. Similar sets of experiments were performed
three times to confirm the results.

doi:10.1371/journal.pone.0014258.9g007
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DDX3 is also involved in human immunodeficiency virus RNA
translocation [33]. The DDX3 gene is conserved among
eukaryotes, and includes the budding yeast homolog, Dedl [34].
The Dedl helicase is essential for initiation of host mRNA
translation, and human DDX3 complements the lethality of Ded]
null yeast [14,35]. Another function of DDX3 is to bind viral RNA
to modulate RNA replication and translocation. Constitutive
expression of the HCV core or other DDX3-binding proteins may
impede IFN induction and promote cell cycle progression. These
reports are consistent with the implication of DDX3 in various
steps of RNA metabolism in cells that contain both host and viral
RNAs.

A continuing question is the physiological role of the molecular
complex of DDX3 and IPS-1 during replication of HCV in
hepatocytes. HCV proteins generated in host hepatocytes usually
induce an HCV-permissive state in patients, for example in the
II'N-inducing pathways. NS3/4A protease induces rapid degra-
dation of IPS-1 [5,31] and TICAM-1/TRIF [36]. NS5A interferes
with the MyD88 function [37]. Viral replication ultimately blocks
the STA'T'1-mediated IFN-amplification pathway |38]. PKR may
be an additional factor by which HCV controls type I IFN
production [39]. Our results add to our knowledge of the
mechanism of how HCV circumvents IFN induction in host cells:
HCYV core protein suppresses the initial step of IFN-beta induction
by interfering with DDX3-IPS-1 association. Indeed, the core
protein functions as the earliest IFN suppressor, since it is
generated first in HCV-infected cells, and rapidly couples with
DDX3 to retract it from the IPS-1 complex, resuling in
localization of DDX3 near the LD (Fig. 7). It is HCV that hijacks
this protein [or establishing infection. Although gene disruption of
DDX3 makes mice lethal, this issue will be further tested using
IPS-1 —/— hepatocytes expressing human CD81 and occludin
[40], in which HCV replication would proceed.

DDX3 primarily is an accelerating factor for antiviral response
through IPS-1-binding. Many host proteins other than DDX3
may positively regulate HCV replication in hepatocytes in
association with the IPS-1 pathway. In this context, we know
LGP2 [41] and STING [42] act as positive regulators in virus
infection. Peroxisomes serve as signaling platforms for recruiting
IPS-1 with a different signalosome than mitochondria [43]. It
appears rational that HCV harbors strategies to circumvent these
positive regulators in the relevant steps of the IFN-inducing
pathway.

Imaging studies suggest that the complex of IPS-1 involving the
membrane of mitochondrial/peroxisomes difler from that free
from the membrane. Although IPS-1 is hberated from the
membrane by N§3/4A having largely intact cytosolic domain, it
loses the IFN-inducing function [5,31]. Our results could offer the
possibility that the clipped-out form of IPS-1 immediately fails to
form the conventional complex for IRF-3 activation any more [44]
or is easily degraded further to be inactive (Fig. 6C). Indeed, there
are a number of mitochondria-specific molecules which assemble
with IPS-1 [45]. Formation of the molecular complex on the
mitochondria rather than simple association between IPS-1 and
DDX3 may be critical for the DDX3 function.
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Evidence is accumulating that HCV checks many steps in the
IFN-inducing pathway throughout the early and late infection
stages, and suppresses IFN production by multiple means.
Disruption of IPS-1 function by both NS3/4A and core protein
may be crucial in HCV-infected Huh7.5 cells, even though the
cells harbor dysfunctional RIG-I [46]. Type 1 IFN suppresses
tumors by causing expression of p53 and other tumor-suppressing
agents [47]. These unique features of the HCV core protein
require further confirmation, and should be minded in investiga-
tion of HCV persistency, chronic infection and progression to
cirrhosis and carcinoma.

Supporting Information

Figure §1 The IPS-1 complex. IPS-1 and HCV core bind C-
terminal regions of DDX3. DDX3 captures dsRNA at the C-
terminal domain. This figure is constructed from [11], [14] and
[16].

Found at: doi:10.1371/journal.pone.0014258.5001 (0.41 MB TIF)

Figure 82 DDX3 enhances RIG-l-mediated IFN-B promoter
activation induced by polyl:C. (A) DDX3 si-1 or control siRNA
was transfected into HEK293 cells with reporter plasmids and
RIG-I-expression plasmid or control plasmid (100 ng). After 48
hrs, cells were stimulated with polyl:C (20 ng/ml) with dexwran for
4 hrs, and activation of the reporter p125luc was measured. (B)
MDAS5 (25 ng), IPS-1 (100 ng), DDX3 (100 ng), JFH] core
(50 ng) and/or pl25 luc reporter (100 ng) plasmids were
transfected with HEK293 cells. Cell lysates were prepared after
24 hrs, and luciferase activities measured. The results are
representative of two independent experiments, each performed
in triplicate.

Found at: doi:10.1371/journal.pone.0014258.5002 (0.17 MB TIF)

Figure 83 DDX3 colocalizes with IPS-1 on the mitochondria in
Huh7.5.1 cells. HA-tagged DDX3 and FLAG-tagged IPS-1 were
co-transfected into Huh7.5.1 cells. After 24 hrs, cells were f{ixed
with formaldehyde and stained with anti-HA polyclonal and
FLAG monoclonal Abs. Alexa488 (DDX3-HA) or Alexa633
antibody was used for second antibody. Mitochondria were
stained with Mitotracker Red. A representative result from three
independent experiments is shown.

Found at: doi:10.1371/journal. pone.0014258.s003 (0.92 MB TIF)
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Gene expression profile of Li23, a new human hepatoma
cell line that enables robust hepatitis C virus replication:
Comparison with HuH-7 and other hepatic cell lines
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Aim: Human hepatoma cell line HuH-7-derived cells are cur-
rently the only cell culture system used for robust hepatitis C
virus (HCV) replication. We recently found a new human
hepatoma cell line, Li23, that enables robust HCV replication.
Although both cell lines had similar liver-specific expression
profiles, the overall profile of Li23 seemed to differ consider-
ably from that of HuH-7. To understand this difference, the
expression profile of Li23 cells was further characterized by a
comparison with that of HuH-7 cells.

Methods: ¢cDNA microarray analysis using Li23 and HuH-7
cells was performed. Li23-derived ORL8c cells and HuH-7-
derived RSc cells, in which HCV could infect and efficiently
replicate, were also used for the microarray analysis. For the
comparative analysis by reverse transcription polymerase
chain reaction (RT-PCR), human hepatoma cell lines (HuH-6,
HepG2, HLE, HLF and PLC/PRF/5) and immortalized hepatocyte
cell line (PH5CH8) were also used.

Results: Microarray analysis of Li23 versus HuH-7 cells
selected 80 probes to represent highly expressed genes that
have ratios of more than 30 (Li23/HuH-7) or 20 (HuH-7/Li23).
Among them, 17 known genes were picked up for further
analysis. The expression levels of most of these genes in Li23
and HuH-7 cells were retained in ORL8c and RSc cells, respec-
tively. Comparative analysis by RT-PCR using several other
hepatic cell lines resulted in the classification of 17 genes into
three types, and identified three genes showing Li23-specific
expression profiles.

Conclusion: Li23 is a new hepatoma cell line whose expres-

sion profile is distinct from those of frequently used hepatic
cell lines.

Key words: hepatitis C virus, hepatoma cell line, HuH-7,
Li23, microarray

INTRODUCTION

UH-7, A HUMAN hepatoma cell line,' is fre-

quently used in the research of hepatitis C virus
(HCV), since an HCV replicon system enabling HCV
subgenomic RNA replication was developed using
HuH-7 cells.” Even with the use of an efficient HCV
production system developed in 2005, HuH-7-derived
cells are still used as the only cell line for persistent HCV
production systems.
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We previously developed HCV replicon systems*’
and an HCV production system® using HuH-7-derived
cells. Furthermore, we recently found a new human
hepatoma cell line, Li23, that enables robust HCV RNA
replication and persistent HCV production.” In that
study, using microarray analysis, we excluded the possi-
bility that the obtained Li23-derived cells were derived
from contamination of HuH-7-derived cells used for
HCYV replication.” In addition, we noticed that the gene
expression profile of Li23 cells seemed considerably dif-
ferent from that of HuH-7 cells. Therefore, we assumed
that the Li23 cell line possesses a unique expression
profile among widely used human hepatoma cell lines.
To evaluate this assumption, we further characterized
the expression profile of Li23 cells by comparing it with
those of other human hepatoma cell lines, including
HuH-7," HuH-6,°> HepG2,° HLE," HLF" and PLC/
PRF/5." Human immortalized hepatocyte cell line
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PH5CH8'? was also used for the comparison. Here, we
show that the Li23 cell line possesses a distinct expres-
sion profile among hepatic cell lines.

METHODS

Cell culture

UH-7, HUH-6, HEPG2, HLE, HLF and PLC/PRF/5

cells were cultured in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum.
Li23 and PH5CHS cells were maintained as described
previously.” Cured cells (Li23-derived ORL8c and HuH-
7-derived RSc), from which the HCV RNA had been
eliminated by interferon (IFN) treatment, were also
maintained as described previously.’

cDNA microarray analysis

Li23, ORL8¢, HuH-7 and RSc cells (1 x 10° each) were
plated onto 10-cm diameter dishes and cultured for
2 days. Total RNA from these cells were prepared using
the RNeasy extraction kit (QIAGEN, Hilden, Germany).
c¢DNA microarray analysis was performed according
to the methods described previously.” Differentially
expressed genes were selected by comparing the arrays
from Li23 and HuH-7 cells. The selected genes were
further compared with the array from ORL8c or RSc
cells.

Reverse transcription polymerase
chain reaction

Reverse transcription polymerase chain reaction (RT-
PCR) was performed to detect cellular mRNA as

Genetic characterization of Li23 cell line 1249

described previously."® Briefly, total RNA (2 pg) was
reverse-transcribed with M-MLV reverse transcriptase
(Invitrogen, San Diego, CA, USA) using an oligo dT
primer (Invitrogen) according to the manufacturer’s
protocol. One-tenth of the synthesized cDNA was used
for PCR. The primers arranged for this study are listed in
Table 1. In addition, we used primer sets for New York
esophageal squamous cell carcinoma 1 (NY-ESO-1),
B-defensin-1 (DEFB1), lectin, galactoside-binding,
soluble 3 (LGALS3)/Galectin-3, melanoma-specific
antigen family A6 (MAGEAG6), UDP glycosyltransferase
2 family polypeptide B4 (UGT2B4), transmembrane 4
superfamily member 3 (TM4SF3), insulin-like growth
factor binding protein 2 (IGFBP2), arylacetamide
deacetylase (AADAC), albumin and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), as described
previously.”

RESULTS

Genes showing pronounced differences in
gene expression between Li23- and
HuH-7-derived cells

E RECENTLY ESTABLISHED several Li23-derived

cell lines showing robust HCV RNA replication.”
In convenient microarray analysis using these cell lines,
we noticed that the gene expression profile of Li23
cells differed considerably from that of HuH-7 cells, and
that several genes, including cancer antigens such as
NY-ESO-1 and MAGEAG, were highly expressed in Li23
cells but were not expressed in HuH-7 cells.” However, it

Table 1 Primers used for reverse transcription polymerase chain reaction analysis

Gene (accession no.) Direction Nucleotide sequence (5'-3’) Products (bp)
Cancer antigen 45, A5 Forward TGGAGATGACCTAGAATGCAG 218
(CT45A5); NM_001007551 Reverse CTCGTCTCATACATCITGCTG
Four-and-a-half LIM domain 1 Forward GGAATCACTTACCAGGATCAG 243
(FHL1; NM_001449) Reverse TITGCAGTGGAAGCAGTAGTC

Thymosin B4, X-linked Forward ACCAGACTTCGCTCGTACTC 179
(TMSB4X; NM_021109) Reverse TCGCCTGCITGCITCTCCTG

Lectin, galactoside-binding, soluble 1 Forward CAACACCATCGTGTGCAACAG 253
(LGALS1; NM_002305) Reverse CAGCTGCCATGTAGTTGATGG
Interferon-induced transmembrane protein 2 Forward CCTCTTCATGAACACCTGCTG 184
(IFITM2; NM_006435) Reverse CACTGGGATGATGATGAGCAG
Apolipoproteins Al Forward ACTGTGTACGTGGATGTGCTC 273
(APOAT; X02162) Reverse CITCTTCTGGAAGTCGTCCAG
o-2-HS-glycoprotein Forward AACCGAACTGCGATGATCCAG 248
(AHSG; NM_001622) Reverse TTCGACAGCATGCTCCTITCAG

Gap junction protein-o. 1 Forward CATCTTCATGCTGGTGGTGTC 253
(GJA1; NM_000165) Reverse GTTTCTGTCGCCAGTAACCAG

© 2010 The Japan Society of Hepatology
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Figure 1 Genes showing pronounced differences in gene expression between Li23 and Hull-7 cells. The probes showing expression
levels of more than 2000 and ratios of more than 30 (Li23/HuH-7) or 20 (HuH-7/Li23) are presented.

is unclear whether the expression profiles of these genes
are characteristics of Li23 cells.

To clarify this point, comprehensive microarray analy-
sis using Li23 and HuH-7 cells was performed. This
revealed 4119 and 3570 probes whose expression levels
were upregulated and downregulated at ratios of more
than 2 and less than 0.5 in Li23 versus HuH-7 cells,
respectively. From among these probes, we selected
those showing ratios of more than 30 (Li23/HuH-7)
and 20 (HuH-7/Li23), and further selected the probes
showing expression levels of more than 2000 (actual
value of measurement). By these selections, 80 probes
were assigned (Fig. 1). The most distinguishing charac-
teristic of the comparison is that the cancer antigen
family (18 probes) was highly expressed in Li23 cells
but was not highly expressed in HuH-7 cells (Fig. 1).
From these probes, 14 known genes showing expression
levels above 10 000 (#1-10 and #14-17 in Fig. 1) and
three additional known genes (#11-13 in Fig. 1) were
chosen as representative genes for further analysis.

Regarding the total of 17 genes, the expression levels
in Li23 versus ORL8c or HuH-7 versus RSc were com-
pared. The expression levels of most of the 17 genes
were maintained between Li23 and ORL8c cells or
between HuH-7 and RSc cells (Table 2). These results
indicate that ORL8¢ and RSc cells retained the charac-

© 2010 The Japan Society of Hepatology

teristics of parent Li23 and HuH-7 cells, respectively.
However, it was notable that the expression levels
of apolipoprotein Al (APOA1), o-2-HS-glycoprotein
(AHSG), and albumin were significantly higher in
ORLSc cells than in Li23 cells, suggesting that ORL8c is
selected as a specific clone from Li23 cell populations.

Expression profiles of representative genes
whose expression levels showed drastic
differences between Li23 and HuH-7 cells
among human hepatic cell lines

Regarding the 17 genes selected above, we performed
comparative analyses by RT-PCR using Li23, HuH-7,
HuH-6, HepG2, HLE, HLF, PLC/PRF/5 and PH5CHS8
cells in order to clarify whether or not these genes
exhibit Li23-specific expression profiles. The results of
the RT-PCR performed after optimization of PCR con-
ditions in each gene resulted in the classification of the
17 genes into three types (A, B and C in Fig. 2).
NY-ESO-1 and DEFB1 (high expression in Li23 only),
and LGALS3/Galectin-3 (no expression in Li23 only)
belonged to type A, which showed a Li23-specific
feature. Type B showed that the expression levels in
Li23, HLE, HLF, PLC/PRF/5 and/or PH5CHS cells were
greatly higher or lower than those in HuH-7, HuH-6 and
HepG2 cells. Type B consisted of cancer antigen 45, A5
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Table 2 Representative genes showing pronounced differences in gene expression between Li23 and HuH-7 cells
Gene Accession no. Li23 Li23-derived HuH-7 HuH-7-
ORL8c derived RSc
Cancer antigen 45, A5 (CI45A5) NM_001007551 15857t 10508 8 23
Cancer testis antigen 1A (NY-ESO-1/CTAG1A) 187459 9 005 5503 5 8
B-Defensin-1 (DEFB1) u73945 18 311 8 326 31 7
Melanoma-specific antigen family A6 (MAGEA®6) 10691 15168 17 050 42 35
Four-and-a-half LIM domain 1 (FHL1) NM_001449 21 851 13 428 77 79
Insulin-like growth factor binding protein 2 (IGFBP2) NM_000597 17 429 8931 117 13
Lectin, galactoside-binding, soluble 1 (LGALS1) NM_002305 26694 27098 379 11
Thymosin B4, X-linked (TMSB4X) NM_021109 34273 26199 648 307
IFN-induced transmembrane protein 2 (IFITM2) NM_006435 20762 9 645 595 637
Lectin, galactoside-binding, soluble 3 (LGALS3/Galectin 3)  BC001120 41 70 10973 6020
UDP glycosyltransferase 2 family polypeptide B4 (UGT2B4) NM_021139 40 57 2863 7546
Arylacetamide deacetylase (AADAC) NM_001086 57 73 2282 4746
‘Transmembrane 4 superfamily member 3 (TM4SF3) NM_004616 95 51 3220 1265
Gap junction protein-o. 43 KDa (GJA1) NM_000165 951 2 19090 19 485
Apolipoprotein A1 (APOA1) X02162 673 7230 16920 15202
0-2-HS-glycoprotein (AHSG) NM_001622 308 6373 18436 26 000
Albumin AF116645 4304 30111 30234 33140
D16931 1387 23615 30668 39 144

1Signal intensity in human genome U133 Plus 2.0 array.

(CT45A5), MAGEAG, four-and-a-half LIM domains 1
(FHL1), Thymosin B4, X-linked (TMSB4X), lectin,
galactoside-binding, soluble 1 (LGALS1) and IFN-
induced transmembrane protein 2 (IFITM2) - all of
which were highly expressed in Li23 cells - and APOA1,
AHSG and UGT2B4, which were highly expressed in
HuH-7 cells. The remaining five genes were assigned to
type C and showed more complex expression profiles
(Fig. 2). For instance, Gap junction protein-o. 43 kDa
(GJA1) expression was observed in HuH-7, HLE, HLF,
PLC/PRF/5 and PH5CHS cell lines, but not in Li23,
HuH-6 or HepG2 cell lines. In addition, IGFBP2 expres-
sion was observed in Li23, HuH-6 and PH5CHS cell
lines, but not in the other cell lines. Together, these
results indicate that the Li23 cell line possesses a distinct
expression profile among frequently used hepatic cell
lines.

DISCUSSION

N THIS STUDY, we assigned 17 known genes that

showed drastic differences between Li23 and HuH-7
cells, and classified the expression profiles of these genes
into at least three types among frequently used hepatic
cell lines. Three genes (NY-ESO-1, DEFB1 and LGALS3/
Galectin-3) were identified as the representative
showing Li23-specific expression.

NY-ESO-1 is a well-characterized cancer-testis antigen
(CTAG) that appears to be the most immunogenic
CTAG known to date. NY-ESO-1 is expressed in
malignant tumors such as melanoma, lung carcinoma
and bladder cancer, which are called “CTAG-rich”
tumor types, but are expressed solely in the testis
among normal adult tissues.'” Because a spontaneous
immune response to NY-ESO-1 is frequently observed
in patients with malignant tumors including hepato-
cellular carcinoma,'® cancer vaccine trials based on
NY-ESO-1 are currently underway."”® However, the bio-
logical role of NY-ESO-1 in both tumors and testis
remains poorly understood. Accordingly, the Li23 cell
line may be useful for the study of the biological role of
NY-ESO-1.

Human defensins, which are small cationic peptides
produced by neutrophils and epithelial cells, form
two genetically distinct subfamilies, o-defensin and
B-defensin. DEFB1, identified in this study, is one of six
members belonging to B-defensins and appears to be
involved in the antimicrobial defense of the epithelia
of surfaces.''” Although o-defensins consisting of six
members are known to be expressed in a variety of
tumors, DEFB1 is downregulated in some tumor types
in which it could behave as a tumor suppressor pro-
tein."® Our study revealed that except DEFB1 in Li23
cells, no a- or B-defensin members were expressed in the

© 2010 The Japan Society of Hepatology

—457—



1252 K. Mori et al.

bp M NC
Type A ‘ NY-ESO-1
Li23 > others
Li23-specific DEFB1
Li23 < others LGALS3
- CT45A5
Type B MAGEA6
Li23
HLE, HLF :“:'7 FHk]
PLC/PRF/5 > H“ 6‘52 TMSB4X
(PH5CHS8) ep
LGALS1
IFITM2
Li23 L APOA1
HLE, HLF < puneg AHSG
PLC/PRF/5 HepG2
(PH5CHS8) UGT2B4
GJA1
Type C TM4SF3
Other pattern IGFBP2
AADAC
Albumin
GAPDH

Hepatology Research 2010; 40: 1248-1253

o \?‘:\ ‘2\,6 C,;L Q/ (( \,C}Q\% O‘Z\% Nl?l:::rs
RIS R R Qq‘* q‘g’ NC M inPCR

28
24
28
25
22
25
20
23
20
24
22
26
27
26
24
28
24

22

Figure 2 Expression profiles of representative genes, whose expression levels showed drastic differences between Li23 and HuH-7
cells, among human hepatic cell lines. Reverse transcription polymerase chain reaction (RT-PCR) analysis was performed as
described in Methods. PCR products were detected by staining with ethidium bromide after separation by electrophoresis on 3%

agarose gels.

hepatic cell lines tested in this study (data not shown).
Because the molecular mechanism underlying DEFB1
expression or its role in oncogenesis remains to be clari-
fied, Li23 cells may be useful for a study like that.
LGALS3/Galectin-3 is the most studied member of
the galectin family, which is characterized by specific
binding of B-galactosides through the carbohydrate-
recognition domain.” LGALS3/Galectin-3 is ubiqui-
tously expressed in numerous cell and tissue types; it is
located in both nuclei and cytoplasm, and is secreted
through a non-classical pathway. To date, LGALS3/
Galectin-3 was found to be involved in many regula-
tions including development, immune reaction,
tumorigenesis, and tumor growth and metastasis.'>*’
Indeed, the overexpression of LGALS3/Galectin-3 in cir-
rhotic and hepatocellular carcinoma has also been
reported.?’ In such situations, the absence of LGALS3/

© 2010 The Japan Society of Hepatology

Galectin-3 expression in the Li23 cell line is a unique
feature among hepatic cell lines, which show high
expression levels. Accordingly, the Li23 cell line might
be useful as a LGALS3/Galectin-3-null cell line for
various studies including those on tumor growth and
metastasis.

Although we identified Li23-specific genes showing
distinct expression levels among hepatic cell lines exam-
ined, microarray analysis revealed that the expression
profiles of Li23 and HuH-7 cells, both of which possess
an environment for robust HCV replication, differed
considerably. Accordingly, such differences may affect
the properties or multiplications of HCV, such as sus-
ceptibility to anti-HCV reagents, the mutation rate of the
HCV genome and the efficiency of HCV replication.
Further comparative analysis using Li23 and HuH-7
cells will help to resolve these uncertain subjects.
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Abstract

Background: Studies on patients with hepatitis C virus (HCV) of genotype 1b
have suggested that amino acids (aa) 70 and/or 91 of the HCV core protein
affect the outcome of interferon (IFN)-o and ribavirin (RBV) therapy,
although there are no clear supporting data in vitro. Aims: This study was
designed to determine the differences among the antiviral activities of HCV
core proteins with various substitutions at aa70 and/or aa91. Methods: The
retroviral vectors expressing the HCV core proteins with substitutions of
arginine/leucine, arginine/methionine, glutamine/leucine or glutamine/
methionine at aa70/aa91 were transiently transfected or stably transducted
into an immortalized hepatocyte line (PH5CHS), hepatoma cell lines and an
HCV-RNA replicating cell line (sOR) to evaluate antiviral responses to IFN-o.
or IFN-0/RBV. Sequence analysis was performed using genome-length HCV-
RNA replicating cells (OR6 and AH1) to evaluate HCV core mutations during
IFN-o treatment. Results: The promoter activity levels of IFN-stimulated
genes in the transiently transfected cells or the mRNA levels of 2'-5'-
oligoadenylate synthetase in the stably transducted PH5CHS cells were not
associated with the HCV core aa70 and/or aa9l substitutions during IFN-o
treatment. Antiviral responses to IFN-o or IFN-o/RBV treatment were
enhanced in sOR cells stably transducted with the HCV core, although there
were no differences in antiviral responses among the cells expressing different
core types. Sequence analysis showed no aa mutations after IFN-o. treatment.
Conclusions: Antiviral activities were enhanced by HCV core transduction,
but they were not associated with the HCV core aa70 and/or aa91 substitu-
tions by in vitro analysis.

Hepatitis C virus (HCV) infection causes chronic hepa-
titis, and may progress to cirrhosis and hepatocellular
carcinoma. More than 170 million people worldwide are
infected with HCV, creating a serious global health
problem (1, 2). Interferon (IFN)-o is widely used in the
treatment of patients with chronic hepatitis C, and the
current combination treatment with pegylated IFN-o
and ribavirin (RBV) has improved the sustained virolo-
gical response, and has a success rate of more than 50%
(3). Despite this therapeutic success rate, however, there
are still non-viral responders (NVR) to IFN-o treatment.
High viral load and genotype 1 of HCV are major viral
causes of IFN-o resistance. For patients with HCV
genotype 1, variations in the amino acid (aa) sequence
of the IFN sensitivity-determining region (ISDR) (4) and

1324

IFN/RBYV resistance-determining region (IRRDR) (5) in
the non-structural 5A region have also been reported as
important predictors of therapeutic outcomes.

Recent studies on the virological features of HCV
patients that are most predictive of NVR to IFN-o/RBV
therapy (6, 7) proposed that HCV core protein aa70 and/
or aa91 substitutions were independent and significant
factors for therapeutic outcomes. In particular, substitu-
tions of arginine by glutamine at aa70 and/or of leucine
by methionine at aa91 were common in NVR. Patients
with the HCV core aa70 substitutions often had a slow or
no decrease in HCV-RNA levels during the early phase of
IFN-o. treatment (6-9). A previous report evaluating
HCV dynamics during IFN-o. therapy described a bipha-
sic kinetic pattern of HCV-RNA decline, and the viral
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decrease in the first phase was believed to be dependent
on the direct effect of IFN-u on infected targets (10). We
hypothesized that the types of HCV core proteins might
alter the antiviral environment in the infected hepato-
cytes, and thus the aim of this study was to determine the
difference in antiviral effects between HCV core proteins
with various aa70 and aa91 substitutions.

Methods
Cell cultures

A non-neoplastic immortalized human hepatocyte line
(PH5CHS) and hepatoma cell lines (HepG2, HuH-7 and
Li23) were used to evaluate antiviral response, as de-
scribed previously (11-13). We also used sOR cells
harbouring subgenomic HCV-RNA derived from an
HCV-O strain (genotype 1b) with Neo and Renilla
luciferase genes (14). A schematic of the gene organiza-
tion of sOR cells is shown in Figure 1a. All the cell lines
used in this study were reported to possess the normal
IEN signalling pathway (13-16). The cells were cultured
in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum, penicillin, streptomycin
and 0.3 mg/ml of G418 (Geneticin; Invitrogen, Carlsbad,
CA, USA).

Plasmid constructions

Four retrovirus pCX4bsr vectors (17) expressing HCV
core proteins were constructed, whose aa sequences were
identical to the consensus sequences of the HCV core
protein from the HCV-O strain encoding aal-191,
except for arginine at aa70/leucine at aa91 for Cor-
eR70L91, glutamine at aa70/leucine at aa91 for Cor-
eQ70L91, glutamine at aa70/methionine at aa91 for
CoreQ70M91 and arginine at aa70/methionine at aa91

(a} &< Fa4h
[ 5 H ¥
;.__[ i NEAB | NBCR | NSEB -
{b} #ATR 883

EYREREQFRACREQIN FRARBPESRAWS

CotaR T8

SYPWPLYCHEGLONASHLLER

Fig. 1. Schema of subgenomic hepatitis C virus (HCV) RNA and
partial aa sequences of the HCV core in the constructed retroviral
vectors. (a) A schematic of the gene organization of subgenomic
HCV replicon RNA. RL, Renilla luciferase; Neo, neomycin
phosphotransferase; EMCV IRES, encephalomyocarditis virus
internal ribosome entry site. (b) The partial aa sequences of the HCV
core protein encoded in the constructed vectors. Four retrovirus
pCX4bsr vectors expressing HCV core proteins were constructed,
whose aa sequences were identical to the consensus sequences of
the HCV core from HCV-O strain encoding aa1-191, except for
arginine at aa70/leucine at aa91 for CoreR70L91, glutamine at
aa70/leucine at aa91 for CoreQ70L91, glutamine at aa70/
methionine at aa91 for CoreQ70M91 and arginine at aa70/
methionine at aa91 for CoreR70M91.
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for CoreR70M91, as shown in Figure 1b. The two types of
HCV core protein, CoreQ70L91 and CoreR70L91, were
obtained from cells infected with serum HCV-O in a
study of the dynamics of HCV populations during
culture (18). CoreQ70M91 and CoreR70M91 were con-
structed from CoreQ70L91 and CoreR70L91, respec-
tively, by PCR mutagenesis with primers containing base
alterations. The sequences of these inserts were con-
firmed by Big Dye termination cycle sequencing using
an ABI Prism 310 genetic analyzer (Applied Biosystems,
Foster City, CA, USA).

Preparation of PH5CHS8 cells and sOR cells stably
expressing hepatitis C virus core proteins

PHS5CHS cells and sOR cells were infected with retrovirus
vectors encoding different types of HCV core proteins, as
described previously (19, 20). At 2 days post-infection,
the culture medium was exchanged for a fresh medium
containing blasticidin (20 pg/ml) for PH5CHS cells or
blasticidin (20 pg/ml) and G418 (0.3 mg/ml) for sOR
cells. The culture was continued for 3 weeks so as to select
the cells stably expressing the core proteins.

Quantitative reverse transcription-polymerase chain
reaction analysis

Total cellular RNA was extracted using an Isogen extrac-
tion kit according to the manufacturer’s protocol (Nip-
pon Gene, Tokyo, Japan). The quantitative reverse
transcription-polymerase chain reaction (RT-PCR) ana-
lysis was performed by real-time PCR using a Light
Cycler (Roche Diagnostics, Mannheim, Germany) as
described previously (20-22).

Luciferase reporter assay

For the dual luciferase assay, we used firefly luciferase
reporter vectors encoding the 2’-5'-oligoadenylate
synthetase (2'5'OAS) promoter, IFN-induced double-
stranded RNA-activated protein kinase (PKR) promoter,
IFN-stimulated response element (ISRE), and pRL-CMV,
which expressed Renilla luciferase as described previously
(15, 16). Plasmids were transiently transfected into the
cells (2.0 x 10%cells/well in 24-well plates) using the
FuGene6 transfection reagent (Roche Diagnostics) and
cultured for 48 h. The cells were treated with human IFN-
o (Sigma, St Louis, MO, USA) and/or RBV at the
indicated doses for 6h before harvest. The RBV was
kindly provided by Yamasa (Chiba, Japan) (23). A whole
cell lysate was prepared and assayed for firefly and Renilla
luciferase activities according to the manufacturer’s pro-
tocol (Promega, Madison, WI, USA). A Lumat LB9507
luminometer (Berthold, Bad Wildbad, Germany) was
used to detect luciferase activity. The relative luciferase
activity was normalized to the activity of Renilla lucifer-
ase. The data represent the means of the normalized
luciferase activities of triplicate assays. The protocol for
the Renilla luciferase assay to quantify HCV replicon
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RNA was described previously (14). Briefly, 2.0 x 10*
cells were plated onto 24-well plates in triplicate and
were cultured for 12 h. The cells were treated with human
IEN-o and/or RBV at the indicated doses for 48h, and
then harvested with Renilla lysis reagent (Promega) and
subjected to a luciferase reporter assay according to the
manufacturer’s protocol. All the luciferase assays were
repeated at least three times.

Western blot analysis

Preparations of cell lysates, sodium dodecyl sulphatepo-
lyacrylamide gel electrophoresis (SDS-PAGE) and im-
munoblotting were performed as described previously
(15, 16). The antibodies used in this study were those
against Core (CP-11; Institute of Immunology, Tokyo,
Japan), NS3 (Novocastra Laboratories, Newcastle, UK)
and B-actin (AC-15; Sigma). Immuno-complexes were
detected using the Renaissance enhanced chemilumines-
cence assay (PerkinElmer Life Science, Boston, MA,
USA).

Cell proliferation analysis

The PH5CHS cells (5.0 x 10° cells/well) or the sOR cells
(2.5 x 10° cells/well) stably expressing HCV core proteins
were plated onto 96-well plates, cultured for 24, 48
or 72h and subjected to the colorimetric 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay according to the manufacturer’s instruc-
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tions (cell proliferation kit I; Roche) as described pre-
viously (24).

Results

No changes in the levels of interferon-stimulated genes
were detected in response to the substitutions at hepatitis
C virus core amino acid 70 and/or amino acid91 in
transiently transfected cells

The constructed plasmids with the four different combi-
nations of HCV core aa70 and aa91 substitutions were
transiently transfected into PH5CHS, HepG2, HuH-7
and Li23 cells with lipofection. The levels of 2'50AS
promoter activities were calculated as the luciferase
activities at 48 h after transfection. As shown in Figure 2,
the different types of HCV core proteins did not show
clear differences in basal levels or enhanced levels with
IFN-o stimulation, although the levels of CoreR70L91
transfection were slightly higher than the transfection
levels for the other core proteins in PH5CHS cells. As
for PH5CHS cells, we also evaluated the expression of
HCV core proteins with Western blot analysis, and
there were no obvious differences as shown in Figure 3.
There were no differences either in the levels of the
PKR promoter or in ISRE activities (data not shown).
These results indicate that the levels of IFN-stimulated
genes might not be affected by substitutions of the HCV
core proteins at aa70 and/or aa91 in transiently trans-
fected cells.
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Fig. 2. 2'S'oligoadenylate synthetase (OAS) promoter activity of cells transiently transfected with the hepatitis C virus (HCV) core. The
constructed plasmids with the four different types of HCV core aa70 and aa91 were transiently transfected into the cells (2.0 x 10* cells/well in
24-well plates) with lipofection. The cells were treated with IFN-a (20 1U/ml) for 6 h before harvest. The levels of 2'5'0AS promoter activities
were calculated as the luciferase activities at 48 h after transfection. The figures show the results using PHSCH8 (a), HepG2 (b), HuH-7 () and

Li23 cells (d).
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Fig. 3. The expression of hepatitis C virus (HCV) core proteins in the
cells transiently transfected with the HCV core. The expressions of
HCV core proteins were evaluated with Western blot analysis for
PH5CH8. The constructed plasmids with the four different types of
HCV core aa70 and aa91 were transiently transfected into the cells
(2.0 x 10° cells/well in six-well plates) with lipofection. The cells were
collected at 48 h after transfection.

The intracellular antiviral activities were augmented by
hepatitis C virus core transduction, although they might
not be affected by the amino acid 70 and/or amino acid
91 substitutions in the hepatitis C virus core stably
transducted cells

To evaluate the interaction between the stable expression
of HCV core proteins and intracellular antiviral activity,
we prepared PH5CHS cells that stably expressed HCV core
proteins with retroviral transduction. The 2’5’OAS mRNA
levels were measured with real-time LightCycler PCR and
normalized with -actin mRNA levels. As shown in Figure
4a, there were no clear differences in the basal levels or
IFN-a-enhanced levels among the four transducted cell
lines and the mock-transducted cells, although the expres-
sion levels of HCV core protein stably transducted cells
were slightly higher than that of mock-induced cells.
Western blot analysis showed that all these cell lines had
similar levels of HCV core proteins (data not shown).
Next, we monitored the association between the stable
expression of HCV core proteins and RNA replication in
an HCV replicon system. As we considered that a small
difference of antiviral activity might be difficult to detect
with real-time PCR, sOR cells were used for the monitor-
ing. These cells are subgenomic HCV-RNA replicating cells
with Renilla luciferase genes, and the replicon RNA can be
quantified as luciferase activity. Measurement of luciferase
activity is a useful and accurate means of quantifying the
replicon RNA, because its sensitivity is much better than
that of real-time PCR (14). We prepared the sOR cells
expressing the HCV core proteins with retroviral transduc-
tion and stimulated the cells with IFN-o. for 48 h. The level
of antiviral activity, which was calculated as the median
effective concentration (ECsy) of IFN-o, demonstrated
that the cells transducted with the HCV core proteins
showed a better response to IFN-o stimulation, but there
was no difference in response among the cells expressing
the different types of HCV core proteins, which is con-
sistent with the results for the transient transfection of
HCV core proteins (Fig. 4b). Western blot analysis
demonstrated that the expressions of the HCV core and
NS3 proteins did not show a clear difference among the
sOR cells, irrespective of the types of HCV core proteins
(Fig. 4c). As shown in Figure 4d, the results of the MTT
assay demonstrated that the expressions of different types
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of HCV core proteins were not associated with cell
proliferation in PH5CHS cells or sOR cells. These results
indicate that the intracellular antiviral activities are aug-
mented in the presence of HCV core proteins, but they are
not altered by the different substitutions at HCV core aa70
and/or aa91 in the cells stably expressing the HCV core.

Co-stimulation of interferon-a with ribavirin did not
alter the association of hepatitis C virus core proteins
with intracellular antiviral activity

Next, we hypothesized that co-stimulation of RBV might
modulate the antiviral activity of the cells with different
types of HCV core proteins. As shown in Figure 5, we
evaluated the antiviral activity by quantifying HCV
replicon RNA and 2'5'0AS promoter activity in the
presence of IFN-or and RBV. The dose of RBV (20 uM)
was determined based on the clinically used dose and the
cell reactivity to RBV in our previous report (23). The
HCV replications were suppressed (Fig. 5a), and the levels
of 2'5'0AS promoter activities were enhanced (Fig. 5b
and ¢) with a smaller dose of IFN-a, compared with IFN-
o stimulation alone, indicating that RBV exerted an
additive effect. Interestingly, the stimulation with RBV
alone did not show any enhancement of 2’5'OAS promo-
ter activity. These results indicate that the intracellular
antiviral activities are augmented by costimulation with
IEN-o. with RBV, and that they are not altered by changes
in the HCV core aa70 and/or aa91 substitutions.

Specific amino acid substitutions of hepatitis C virus core
proteins were not detected in response to interferon-o
treatment in the genome-length hepatitis C virus-RNA
replicating cells

Next, we hypothesized that specific mutations in the
HCV core region occur during IFN-o treatment. The
two kinds of genome-length HCV-RNA replicating cells
with different core aa70 and aa9l substitutions were
cultured for 3 weeks with low-dose IFN-a stimulation,
and then the core sequences were compared. We used
OR6 and AHI1 cells, both of which are genome-length
HCV-RNA replicating cells (25, 26). OR6 cells have core
proteins with glutamine at aa70 and leucine at aa9l,
corresponding to CoreQ70L91. AHI1 cells have core
proteins with arginine at aa70 and leucine at aa9l,
corresponding to CoreR70L91. After 3 weeks of culture
with 12.51U/ml of IFN-o, several IFN-o- and G418-
resistant colonies were obtained. We cultured them
further without IFN-o stimulation and spread the colo-
nies individually on 24-well plates. To examine the aa
sequences of the core proteins in the colonies derived
from OR6 and AH1 cells, RT-PCR was performed for the
region encoding the HCV core protein, and the obtained
PCR products were cloned into pBlueScript II, as de-
scribed previously (27). The plasmid inserts of 10 clones
each were sequenced. The results revealed that there were
no specific changes of the aa sequence of HCV core
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Fig. 4. Antiviral activity of cells stably transducted with hepatitis C virus (HCV) core proteins. The antiviral activity of PH5CH8 cells stably
transducted with the HCV core were evaluated by 2'5'oligoadenylate synthetase (OAS) mRNA levels (a). The cells (2.0 x 10°/well in six-well
plates) were cultured for 48 h, and treated with IFN-o (20 1U/ml) for 6 h before harvest. 2’5'0AS mRNA levels were measured with real-time
LightCycler PCR and normalized with B-actin mRNA levels. The sOR cells stably expressing the different types of HCV core (2.0 x 10% cells/well
in 24-well plates) were stimulated with IFN-a for 48 h, and the HCV RNA levels of the cells were calculated as the percent relative Renilla
luciferase activity [relative RL activity (%)] and compared by evaluating the ECso of IFN-u (b). SOR cells stably transducted with the HCV core
(2.0 x 10%well in six-well plates) were cultured for 48 h, and prepared for Western blot analysis with anti-core, anti-NS3 or anti-B-actin
antibody (c). The PH5CHS cells (5.0 x 10 cellsAwell) or the sOR cells (2.5 x 103 cells/well) stably expressing HCV core proteins were plated onto
96-well plates, cultured for 24, 48 or 72 h and subjected to MTT assay. The results for PHSCH8 cells are shown in the upper panel of Figure 4d

and those for sOR cells are shown in the lower panel.

proteins from that of the original cells. The OR6 cells
retained glutamine at aa70 and leucine at aa91, while the
AH1 cells retained arginine at aa70 and leucine at aa91.
These results suggest that the aa at positions 70 and 91
are stable during IFN-o treatment.

Discussion

Recent studies on HCV-infected patients have suggested
that HCV core proteins with substitutions at aa70 and/or
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aa91 may be significantly associated with NVR to IFN-o/
RBV therapy, and that patients with aa70 substitutions of
arginine to glutamine often have slow or no decrease in
HCV-RNA levels during the early phase of IFN-u. treat-
ment (6-9). However, the associations between HCV
core aa70 and/or aa91 substitutions and the level of
antiviral activity have not been determined in vitro. We
hypothesized that the aa at the HCV core positions 70
and/or 91 would be associated with the intracellular
antiviral environment in HCV-infected cells, and
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Fig. 5. Antiviral activity with stimulation of interferon (IFN)-a in combination with ribavirin (RBV). The sOR cells (2.0 x 10* cells/well in 24-well
plates) stably expressing the different types of HCV core were stimulated with the indicated doses of IFN-o.and 20 uM of RBV for 48 h, and the
hepatitis C virus (HCV) RNA levels of the cells were calculated as the percent relative Renilla luciferase activity [relative RL activity (%)]. The ECso
of IFN-o:was calculated as shown in (a). HuH-7 cells and Li23 cells were seeded (2.0 x 10 cellsAwell in 24-well plates), and the different types of
HCV core were transiently transfected into the cells with lipofection. The transfected cells were treated with 201U/ml of IFN-a and 20 uM of
RBV for 6 h before harvest. The levels of 25’oligoadenylate synthetase promoter activities were calculated as the luciferase activities after 48 h
of transfection. The figures show the results using HuH-7 cells (b) and Li23 cells (c).

evaluated the differences in IFN-o-induced antiviral
activities according to the aa at these positions. Our
results suggest that differences in the aa at HCV core
positions 70 and/or 91 are not associated with the
intracellular antiviral activity in HCV-infected cells.

The HCV core protein has been reported to exert an
effect on a variety of cellular functions, including apop-
tosis, RNA metabolic processes, inflammation, cholester-
ol metabolism and protein catabolism (1, 28-32), and is
currently considered to play important roles in persistent
infection. In terms of a direct interaction between the
HCV core protein and antiviral activity, Naganuma et al.
(15) reported that 2'5'OAS promoter activity was acti-
vated in PH5CHS8 cells when the cells were transiently
transfected with the HCV core protein, and their deletion
mutant analysis indicated that HCV core aa70 and/or

Liver International (2010)
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aa91 substitutions were not associated with activated
2'5'OAS promoter activity, which is consistent with our
present results that the antiviral activities were not
associated with the aa at the core position 70 or 91 in
the transiently transfected cells. Furthermore, we evalu-
ated the antiviral activity in cells stably transducted with
the HCV core protein by precisely measuring the levels of
HCV replicon RNA based on luciferase activity. For this
purpose, we used sOR cells, which are subgenomic HCV-
RNA-replicating cells. The sOR cells facilitates the mon-
itoring of HCV replication, although it lacks the steps of
budding or HCV re-infection to other cells. Future
studies will be required to assess these steps according to
the different substitutions at HCV core aa70 and/or aa91,
and infectious HCV production systems from the HCV
genotype 1b strain will be required for this purpose.
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It is not clear whether the aa at the core positions 70 or
91 can be changed through IFN-o therapy or disease
progression. Our results revealed that the aa at the core
positions 70 or 91 in the cells with monoclonal HCV
replication were not substituted after 3 weeks of IFN-o
treatment. The substitution of arginine to glutamine at
aa70, or of leucine to methionine at aa91 might not occur
in the infected cells, but rather through a change in the
dominant virus, such as through resistance to IFN-o
therapy or during disease progression.

In conclusion, the antiviral activities in response to
IFN-o. or IFN-0/RBV treatment were augmented by
HCV core transduction. However, the levels of these
activities were not associated with changes in the aa
at HCV core positions 70 or 91 by in vitro analysis
with immortalized hepatocytes or HCV-RNA replicating
cells.
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Antigen coating on polystyrene is prevented by detergent. We present here a simple procedure to coat detergent-
solubilized antigen for subsequent panning selection of single-chain Fv (scFv), the target antigen of which was the hepatitis
C virus (HCV) non-structural protein (NS) 4B, an integral membrane protein.

© 2010, The Society for Biotechnology, Japan. All rights reserved.

[Key words: Single-chain Fv; Detergent; Critical micelle concentration; Hepatitis C virus; NS4B]

The single-chain Fv (scFv)-phage display (1) is a useful technology
to obtain antibodies against a wide category of antigens, including
non-protein antigens, autoantigens, and antigens that are difficult to
generate in animals. To obtain specific scFvs, panning selection has
been performed on antigen-coated polystyrene using an scFv-phage
display library (2). Antigen coating is achieved by the simple
incubation of a soluble antigen solution in polystyrene tubes and
wells. However, when an antigen is detergent-solubilized, detergent
severely disturbs antigen coating on polystyrene (3,4) and this
becomes an obstacle to the panning selection of scFv. To overcome
the problem, we developed a simple procedure to coat an antigen by
lowering the detergent concentration in an antigen solution with no
additional material or time-consuming work. The target antigen was
the hepatitis C virus (HCV) non-structural protein (NS) 4B, an integral
membrane protein. HCV has a positive-stranded RNA genome
encoding at least 10 viral proteins, namely, a core, E1, E2, p7, NS2,
NS3, NS4A, NS4B, NS5A, and NS5B (5). The 5" untranslated region has
a functional internal ribosome entry site, and the 3' untranslated
region contains a highly conserved 98 nucleotide structure, the 3' X
(6), which is indispensable for the viral genome replication. The NS
proteins are thought to form complexes to replicate the viral genome.
Little is known about the role of NS4B which harbors at least four
transmembrane domains. Anti-NS4B scFvs to various epitopes are a
useful tool for analyzing the roles of NS4B in virus replication.

We prepared the N-terminal hexahistidine (His)-tagged NS4B
(NS4BHis) as an antigen based on the sequence of strain O (subtype
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1bHCV) (7) using the pET expression system (Novagen, USA). The NS4B
fragment was amplified by PCR using the restriction-site-tagged
primers 5'-TTACATATGCATCACCACCATCACCATGGTGCCTCGCACC-
TCCCTTAC-3' (with the Ndel site as underlined) and 5-TTAGGATCCT-
TAGCATGGCGTGGAGCAGTC-3" (with the BamHI site as underlined)
with a plasmid pON/C-5B/KE (7) as a template. The expression con-
struct was created by ligating the Ndel-BamHI-digested fragment
of NS4B into the Ndel-BamHI-digested pET3a vector. Similarly, the
N-terminal Myc (EQKLISEEDL)-His-tagged NS4B (NS4BMycHis) con-
struct was created by PCR using the primers 5-TTACATATGGAACA-
GAAACTGATTAGCGAAGAAGATCTGCATCACCACCATCACCATG-3" (with
the Ndel site as underlined) and 5'-TTAGGATCCTTAGCATGGCGTGGAG-
CAGTC-3' (with the BamHI site as underlined) with the NS4BHis
construct as the PCR template. NS4B proteins were expressed in
Escherichia coli strain KRX (Promega, USA) in the presence of 0.1%
rhamnose at 25 °C. The cells were suspended in a buffer containing
10mM Tris-HCl, pH 7.4, 5mM EDTA, and a Complete™ protease
inhibitor cocktail (Roche, Germany), sonicated three times with 5s
bursts, and centrifuged at 5000g for 3 min. Because NS4BHis was
recovered in the pellet, the solubilization conditions were examined.
NS4BHis was efficiently solubilized in the presence of 0.5M NaCl
with 1% n-dodecyl B-p-maltoside (DDM) or Triton X-100 but not with
Tween-20 and n-octyl 3-D-glucoside (OG). After solubilization with
DDM, NS4BHis was affinity-purified using Ni NTA agarose (Qiagen, USA)
to near-homogeneity according to the manufacturer's protocol.

In the usual panning selection of antigen-specific scFv, the antigen
is coated on polystyrene by simple incubation in an aqueous buffer. In
the present work, the purified NS4BHis preparation contains 1% DDM,
and, as described above, detergents are known to severely disturb
antigen coating on polystyrene. Upon a preliminary experiment, we
failed to efficiently coat NS4BHis with 50-fold simple dilution (final
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DDM, 0.02%) on polystyrene. We then modified the purification step
to lower the DDM concentration. After NS4BHis was bound to Ni
affinity resin, washing and elution were conducted using a buffer with
a low but slightly higher than critical micelle concentration (CMC) of
DDM (0.01%; the CMC of DDM is 0.0087%). In detail, the Ni affinity
resin was pre-equilibrated with a TBS buffer (10 mM Tris-HCl, pH 7.4,
0.15 M Nadl) containing 0.01% DDM and 20 mM imidazole, and the
solubilized NS4BHis sample (to which 20 mM imidazole was also
added) was applied to the resin. The bound NS4BHis was washed first
with a 10-bed volume of the same buffer for equilibration and then with
a 10-bed volume of TBS-0.01% DDM-0.5 M NaCl-20 mM imidazole, pH
7.4.Finally, the bound NS4B was eluted with a three-bed volume of TBS-
0.01% DDM-0.5 M NaCl-0.25 M imidazole, pH 7.4. Under these condi-
tions, NS4BHis could be purified and concentrated efficiently. Interest-
ingly, even with 0.005% DDM, NS4BHis was efficiently purified in a
similar manner. By further 50-fold dilution with a detergent-free buffer
(final DDM concentration, 0.0002%), the NS4BHis was found to be
coated on polystyrene efficiently. Thus a simple coating protocol for
detergent-solubilized antigens was established by a modification of
purification procedure to lower detergent concentrations.

We examined the concentration limits of frequently used deter-
gents, including DDM, which enable the coating of NS4BHis (Fig. 1). For
this purpose, NS4BMycHis was prepared using the same purification
protocol as for NS4BHis with 0.01% of DDM. The NS4BMycHis solution
was incubated in polystyrene wells in a microtiter plate with or without
various concentrations of detergent (NP40, Triton X-100, Tween-20, OG,
and DDM). In this experiment, a 1pl (2.5 pg) purified NS4BMycHis
preparation containing 0.01% DDM was diluted to 50 pl with a TBS
buffer for each well; thus, the coating solution contained 0.0002% of
carry-over DDM. After 6 h of incubation, each well was blocked, and the
amount of adsorbed NS4BMycHis was evaluated using an anti-myc
antibody HRP conjugate and the peroxidase-dependent colorimetric
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FIG. 1. The influence of various detergents on the coating of NS4B to microplate wells.
All the reactions were carried out with final volume of 50 pl in microplate wells (Iwaki,
Japan). NS4BMycHis (2.5 pg) was incubated for 6 h at room temperature in the absence
or presence of an indicated concentration of detergent (NP 40, Triton X-100, Tween 20,
OG, or DDM). The wells were washed 10 times with ultrapure water and blocked with a
5% skim milk-TBS buffer (MTBS) for 1 h. After washing, the wells were reacted with
200-fold diluted anti-myc antibody HRP conjugate (Wako Chemical, Japan) in 5% MTBS
for 1 h. After washing, the wells were reacted with 2, 2-azino-bis(3-ethylbenzthiazo-
line-6-sulfonic acid) (ABTS; Sigma, USA) according to manufacturer's protocol and
the absorbance at 405 nm was determined. Data are the mean of two independent
experiments and shown as a % of the control value obtained in the absence of detergent.
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FIG. 2. Specificity and sensitivity assays of scFv phage clones against NS4B. (A) Con-
firmation of the antigen specificity by ELISA. All the reactions were carried out with final
volume of 50 ul in each well. Indicated antigens (1 pg in TBS buffer); NS4BHis (containing
0.0002% DDM as final concentration), influenza virus NS1His (8), and bovine serum
albumin (BSA) or TBS buffer alone (None), were incubated in wells of a microplate at 4 °C
overnight. The wells were washed 10 times with ultrapure water and blocked with a
5% MTBS for 1h. The wells were then incubated with or without (—) phage clones
(atof,2.5x10° cfuin 5% MTBS) for 1 h, followed by incubation with 10,000-fold dilution of
anti-M13 antibody HRP conjugate (GE, USA) in 5% MTBS for 30 min. Reaction was
developed with ABTS and the absorbance at 405 nm was determined. (B) A sensitivity
assay of scFv clones against NS4B. Indicated amounts of NS4BHis (0 [mock], 1, 10, 100,
1000, and 10,000 pg) and BSA (10ng) in 0.5ul TBS-0.01% DDM were spotted on
nitrocellulose strips, air-dried, and incubated in TBS-0.1% Tween-20 overnight. After
washing with ultrapure water, the spots were blocked, reacted with scFv phage
(5% 10" cfu/ml in 5% MTBS) for 1h, and visualized using an anti-M13 antibody HRP
(horseradish peroxidase) conjugate and the ECL-Plus Western Blotting Detection Kit
(GE Healthcare, UK) as described previously (9,11).

—469—



