17 p-estradiol inhibits HCV virion production

lipid droplets, and that such an accumulation is required
for HCV virion maturation in virus-infected cells (28).
Also, we should not yet exclude the possible importance
of ERB and GPR30, because they may not be expressed at
a sufficient level in the Huh7.5 cell line maintained in our
laboratory.

Other relevant observations are that ER interacts with
HCV NS5B, the viral RNA polymerase, and promotes
association of NS5B with the replication complex in hu-
man hepatoma-derived Huh-7 cells, and that tamoxifen,
a competitive inhibitor of estrogens, suppresses the ERa—
mediated association of NS5B with the replication com-
plex, thereby inhibiting HCV RNA replication (29). Sim-
ilarly, E, binding to ERa may abrogate its interaction
with NS5B. However, in our experiments we did not ob-
serve E;—mediated inhibition of HCV RNA replication
(Fig. 2a,b). We therefore assume that E, inhibits HCV
virion production through a mechanism other than E»—
ERa—NS5B interactions. Further study is needed to eluci-
date this issue.

In conclusion, the most potent physiological estrogen,
E,, inhibits production of HCV infectious particles in
Huh-7.5 cell cultures in an ERa—dependent manner. This
may explain, at least in part, why the incidence of HCV-
associated liver disease is lower in premenopausal women
than in postmenopausal women and men.
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ABSTRACT

E6-associated protein (E6AP) is a cellular ubiquitin protein ligase that mediates ubiquitylation and degradation of tumor suppressor p53 in
conjunction with the high-risk human papillomavirus E6 protein. We previously reported that E6AP targets annexin A1 protein for ubiquitin-
dependent proteasomal degradation. To gain a better understanding of the physiological function of EGAP, we have been seeking to identify
novel substrates of EGAP. Here, we identified peroxiredoxin 1 (Prx1) as a novel E6AP-binding protein using a tandem affinity purification
procedure coupled with mass spectrometry. Prx1 is a 25-kDa member of the Prx family, a ubiquitous family of antioxidant peroxidases that
regulate many cellular processes through intracellular oxidative signal transduction pathways. Inmunoprecipitation analysis showed that
E6AP binds Prx1 in vivo. Pull-down experiments showed that EGAP binds Prx1 in vitro. Ectopic expression of EEAP enhanced the degradation
of Prx1 in vivo. In vivo and in vitro ubiquitylation assays revealed that EGAP promoted polyubiquitylation of Prx1. RNAi-mediated
downregulation of endogenous E6AP increased the level of endogenous Prx1 protein. Taken together, our data suggest that EGAP mediates
the ubiquitin-dependent proteasomal degradation of Prx1. Our findings raise a possibility that E6AP may play a role in regulating
Prx1-dependent intracellular oxidative signal transduction pathways. J. Cell. Biochem. 111: 676-685, 2010. © 2010 Wiley-Liss, Inc.

KEY WORDS: E6AP; Prx1; UBIQUITIN; DEGRADATION

[Huibregtse et al., 1993; Scheffner et al, 1994]. The E6-E6AP
complex functions as an E3 ubiquitin ligase in the ubiquitylation of
p53 [Scheffner et al., 1993]. Known substrates of the E6-E6AP

E 6-associated protein (E6AP) is the prototype of a family of
ubiquitin ligases called HECT domain ubiquitin ligases, all of
which contain a domain homologous to the EGAP carboxyl terminus

[Huibregtse et al., 1995]. EGAP was initially identified as the cellular
factor that stimulates ubiquitin-dependent degradation of the tumor
suppressor p53 in conjunction with the E6 protein of cervical
cancer-associated human papillomavirus (HPV) types 16 and 18
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complex include the tumor suppressor p53 [Scheffner et al., 1993],
the PDZ domain-containing protein Scribble [Nakagawa and
Huibregtse, 2000], and NFX1-91, a transcriptional repressor of
the gene encoding hTERT [Gewin et al., 2004]. The ability of E6 to

Abbreviations: EGAP Es-assomated protem Prx, peroxiredoxin; HPV, human papillomavirus; MS, mass spectro-
metry; MAb, monoclonal antibody; PAb, polyclonal antibody; GAPDH glyceraldehydes-3-phosphate dehydrogenase;

Grant sponsor: The Nippon Dental University; Grant sponsor. Japan Health Sciences Foundation; Grant sponsor;
Ministry of Health, Labour, and Welfare; Grant sponsor: Ministry of Education, Science and Culture of Japan; Grant
sponsor: Program for Promotion of Fundamental Studies in Health Sciences of the National Institute cf Biomedical




utilize E6AP to target p53 and other cellular proteins for degradation
contributes to its oncogenic functions [Matentzoglu and Scheffner,
2008]. Interestingly, E6AP is not involved in the ubiquitylation of
p53 in the absence of E6 [Talis et al., 1998].

In an attempt to understand the physiological function of E6AP,
several potential E6-independent substrates for EGAP have been
identified, such as HHR23A and HHR23B (the human orthologs of
Saccharomyces cerevisae Rad23) [Kumar et al., 1999], Blk (a member
of the Src family kinases) [Oda et al., 1999], Mcm?7 (which is involved
in DNA replication) [Kuhne and Banks, 1998], trihydrophobin 1
[Yang et al., 2007], and AIB1 (a steroid receptor coactivator) [Mani
et al, 2006]. We previously reported that E6AP mediates
ubiquitylation and degradation of annexin A1 in a Ca®>*-dependent
manner [Shimoji et al., 2009].

Some patients with Angelman syndrome, a severe neurological
disorder linked to E6AP, have mutations within the catalytic cleft
that have been shown to reduce E6AP ubiquitin ligase activity
[Kishino et al., 1997; Matsuura et al., 1997; Cooper et al., 2004].
Despite the significant progress in the study of Angelman
syndrome-associated E6AP mutations, none of the identified
E6AP substrates have been directly linked to the disorder. Much
research is still needed to fully understand the functional links
between lack of E6GAP expression and clinical manifestations of
Angelman syndrome [Dan, 2009]. We previously reported that EGAP
mediates ubiquitin-dependent proteasomal degradation of hepatitis
C virus (HCV) core protein, thereby affecting the production of HCV
particles [Shirakura et al., 2007; Suzuki et al., 2009]. It is becoming
increasingly clear that E6AP plays important roles in human
diseases, such as cervical cancer, Angelman syndrome, and hepatitis
C [Scheffner et al., 1993; Kishino et al., 1997; Shirakura et al., 2007].

In this study, we attempted to identify the novel functions of
E6AP. We screened for potential binding partners for E6AP. A
tandem affinity purification procedure coupled with mass spectro-
metry analysis identified peroxiredoxin 1 (Prx1) as a novel binding
partner for E6AP. We provide evidence suggesting that E6GAP
mediates the ubiquitin-dependent proteasomal degradation of Prx1.

CELL CULTURE AND TRANSFECTION

Human embryonic kidney (HEK) 293T cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Sigma-Aldrich, St.
Louis, MO) supplemented with 50IU/ml penicillin, 50 p.g/ml
streptomycin (Invitrogen, Carlsbad, CA), and 10% (v/v) fetal bovine
serum (FBS; JRH Biosciences, Lenexa, KS) at 37°C in a 5% CO,
incubator. HEK293T cells were transfected with plasmid DNA using
TransIT-LT1 (Mirus, Madison, WI).

PLASMIDS AND RECOMBINANT BACULOVIRUSES

To make a fusion protein consisting of hexahistidine (Hisg)-tag fused
to the N-terminus of Prx1 in Escherichia coli, pET17b-Prx1 [Kang
et al., 1998] was digested with Ndel and BamH], and a Prx1 fragment
was subcloned into the Ndel-Bpu1120I site of pET19b, resulting in
pET19b-Prx1. The expression plasmid pET19b-Prx2 was con-
structed similarly. The plasmids, pET17b-Prx1 and pET17b-Prx2,

were kind gifts from Dr. S.G. Rhee, Ewha Women'’s University,
Korea.

To express the Prx1 protein as a FLAG-tagged fusion protein in
mammalian cells, pCAG-FLAG-Prx1 was constructed as follows.
The DNA fragment of Prx1 was amplified from pET17b-PrxI
by polymerase chain reaction (PCR) using two oligonucleotides,
5-GCGGCCGCCCACCATGGACTACAAAGACGATGACGATAAAGG-
AGGCGGCGGATCCATGTCTTCAGGAAATGC-3" and 5-AGATCTT-
CACTTCTGCTTGGAG-3'. To express FLAG-tagged Prx2 protein in
mammalian cells, the DNA fragment of Prx2 was amplified from
pET17b-Prx2 by PCR using two oligonucleotides, 5'-GCGGCCG-
CCCACCATGGACTACAAAGACGATGACGATAAAGGAGGCGGCG-
GATCCATGGCCTCCGGTAACGC-3’ and 5-AGATCTCTAATTGTG-
TITGGAG-3’. The amplified PCR fragments were subcloned into
pGEM T-Easy (Promega, Madison, WI) and verified by sequencing.
Then the Prx1 and Prx2 gene fragments were digested with Notl and
Bglll, and ligated into the NofI-BgllI site of pCAG-MCS2 [Shirakura
et al., 2007]. The MEF-tag cassette (containing Myc-tag, the tobacco
etch virus protease cleavage site, and FLAG-tag) was fused to the
N-terminus of the cDNA encoding E6AP [Ichimura et al., 2005;
Shirakura et al., 2007]. MEF-tagged E6AP and MEF-tagged E6GAP C-
A were subcloned into pcDNA3, pCAGGS, and pVL1392. pCAG-HA-
E6AP, pCAG-HA-E6AP C-A, and pCAG-HA-Nedd4 were described
previously [Shirakura et al., 2007; Shimoji et al., 2009]. The
ubiquitin expression plasmids, pRK5-HA-Ubiquitin wild type (WT),
pRK5-HA-Ubiquitin-K48R, and pRK5-HA-Ubiquitin-K48 [Lim
et al., 2005], were provided by Dr. T. Dawson (Johns Hopkins
University, MD).

ANTIBODIES

The mouse monoclonal antibodies (MAbs) used in this study were
anti-hemagglutinin (HA) MAb (12CA5; Roche, Mannheim, Ger-
many), anti-HA MAb (16B12; Covance, Princeton, NJ), anti-FLAG
M2 mouse MAbD (Sigma-Aldrich), anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) MAb (Chemicon, Temecula, CA), anti-
E6AP MAb (E6AP-330; Sigma-Aldrich), and anti-polyhistidine
(His-1) MAb (Sigma-Aldrich). The c-Myc tagged protein mild
purification kit (MBL) was used for immunoprecipitation. The
polyclonal antibodies (PAbs) used in this study were anti-HA rabbit
PAb (Y-11; Santa Cruz Biotechnology, Santa Cruz, CA), anti-FLAG
rabbit PAb (F7425; Sigma-Aldrich), anti-Prx1 rabbit PAb
(ab16805-100) (Abcam, Cambridge, Oxford), and anti-GST goat
PAb (Amersham, Buckinghamshire, UK).

EXPRESSION AND PURIFICATION OF RECOMBINANT PROTEINS

E. coli BL21 (DE3) cells were transformed with plasmids expressing
Hisc-tagged protein and grown at 37°C. Expression of the fusion
protein was induced by 1 mM isopropyl-B-p-thiogalactopyranoside
(IPTG) at 25°C for 4 h. Bacteria were harvested, suspended in lysis
buffer [50 mM Na,HPO,4, 300mM NaCl, 5mM Imidazole, 0.1%
Triton X-100, protease inhibitor cocktail (Complete EDTA-free;
Roche)], and sonicated on ice. Hiss-tagged proteins were purified on
Ni-NTA beads (Qiagen, Hilden, Germany) according to the
manufacturer’s protocols. The MEF-E6AP and MEF-E6AP C-A were
purified on anti-FLAG M2 agarose beads (Sigma-Aldrich) as
described previously [Shirakura et al., 2007].

JOURNAL OF CELLULAR BIOCHEMISTRY

677

E6AP-MEDIATED DEGRADATION OF Prx1



PURIFICATION OF EGAP-BINDING PROTEINS BY MEF
PURIFICATION PROCEDURE

HEK293T cells were transfected with the plasmid expressing MEF-
E6AP C-A by the calcium phosphate precipitation method, and the
E6AP-binding proteins were recovered following the procedure
described previously [Ichimura et al., 2005]. The inactive form of
EGAP was expressed to inhibit ubiquitin-dependent degradation of
potential substrates. Bound proteins were separated by 7.5% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and visualized by silver staining. The stained bands were excised
and digested in the gel with lysylendoprotease-C (Lys-C), and the
resulting peptide mixtures were analyzed using a direct nanoflow
liquid chromatography-tandem mass spectrometry (MS/MS) system,
equipped with an electrospray interface reversed-phase column, a
nanoflow gradient device, a high-resolution Q-time of flight hybrid
mass spectrometer (Q-TOF2; Micromass, Manchester, UK), and an
automated data analysis system [Natsume et al., 2002; Shirakura
et al., 2007]. All the MS/MS spectra were searched against the
nonredundant protein sequence database maintained at the National
Center for Biotechnology Information using the Mascot program
(Matrix Science, London, UK) to identify proteins. The MS/MS signal
assignments were also confirmed manually.

Ni-NTA PULL-DOWN ASSAY

For Ni-NTA pull-down assays, purified MEF-E6AP was incubated
with Hise-Prx proteins immobilized on Ni-NTA agarose beads
(Qiagen) in 1 ml of the binding buffer [50 mM Tris-HCl (pH 7.5),
10% glycerol, 1% Triton X-100, 150mM NaCl, 5pM ZnCl,,
1 mM Na;V0,, 10mM EGTA, protease inhibitor cocktail (Complete
EDTA-free)] at 4°C for 30 min. The beads were washed four times
with wash buffer [50 mM Na,HPO,, 300 mM NaCl, 50 mM Imidazole,
0.1% Triton X-100, protease inhibitor cocktail (Complete EDTA-
free)], and the pull-down complexes were separated by SDS-PAGE
on 12.5% polyacrylamide gels and analyzed by immunoblotting
with anti-FLAG MAb and anti-polyhistidine (His-1) MAb.

IMMUNOFLUORESCENCE MICROSCOPY

Cells were transfected with pCAG-HA-E6AP C-A and pCAG-FLAG-
Prx1 using TransIT-LT1 according to the manufacturer’s instruc-
tions. Transfected cells grown on collagen-coated coverslips were
washed with PBS, fixed with 4% paraformaldehyde for 30 min at
4°C, and permeabilized with PBS containing 2% FCS and 0.3%
Triton X-100. Cells were incubated with anti-HA mouse MAb and
anti-FLAG rabbit PAb as primary antibodies, washed, and incubated
with Alexa Fluor 488 goat anti-mouse IgG (Molecular Probes,
Eugene, OR) and Alexa Fluor 555 goat anti-rabbit IgG (Molecular
Probes) as secondary antibodies. Then, the cells were washed with
PBS, mounted on glass slides, and examined with a BZ-8000
microscope (Keyence).

siRNA TRANSFECTION

HEK293T cells (3 x 10°cells in a six-well plate) were transfected
with 40 pmol of either E6AP-specific small interfering RNA (siRNA;
Sigma-Aldrich), or scramble negative-control siRNA duplexes

(Sigma-Aldrich) using HiPerFect transfection reagent (Qiagen)
following the manufacturer’s instructions. The E6AP-siRNA target
sequences were as follows:

SiE6AP-1 (sense), 5'-GGGUCUACACCAGAUUGCUTT-3'; scram-
ble negative control (siCont-1, sense), 5'-UUGCGGGUCUAAUCACC-
GATT-3’ [Shirakura et al., 2007].

IN VIVO UBIQUITYLATION ASSAY

In vivo ubiquitylation assays were performed essentially as
described previously [Shirakura et al., 2007]. Where indicated, cells
were treated with 25 WM MG132 (Calbiochem, La Jolla, CA) or with
dimethylsulfoxide (DMSO; control) for 30 min prior to collection.
FLAG-Prx1 was immunoprecipitated with anti-FLAG MAb. Immu-
noprecipitates were analyzed by immunoblotting, using either anti-
HA PAD or anti-FLAG MAD to detect ubiquitylated Prx1.

IN VITRO UBIQUITYLATION ASSAY

In vitro ubiquitylation assays were performed essentially as
described previously [Shirakura et al, 2007]. For in vitro
ubiquitylation of Prx1, purified Hise-Prx1 was used as a substrate.
Assays were done in 40-pl volumes containing 20 mM Tris-HCl, pH
7.6, 50 mM NaCl, 5 mM MgCl,, 5 mM ATP, 8 pg of bovine ubiquitin
(Sigma-Aldrich), 0.1 mM DTT, 200 ng of mouse E1, 200ng of E2
(UbcH7), and 0.5 ug of MEF-E6AP. The reaction mixtures were
incubated at 37°C for 120 min followed by immunoprecipitation
with anti-Prx1 PAb. The samples were analyzed by immunoblotting
with anti-Ub MAb.

IDENTIFICATION OF Prx1 AS A BINDING PARTNER FOR EGAP

To identify novel substrates for E6AP, we screened for E6AP-
binding proteins using a tandem affinity purification procedure with
a tandem tag (known as MEF-tag) [Ichimura et al., 2005; Shirakura
et al., 2007]. Seven proteins were reproducibly detected from lysed
cells transfected with MEF-E6AP C-A (Fig. 1A, lane 2), but none
were recovered from lysed control cells transfected with empty
vector alone (Fig. 1A, lane 1). To identify the proteins, silver-stained
bands were excised from the gel, digested with Lys-C, and analyzed
using a direct nanoflow liquid chromatography-MS/MS system. One
of these bands, migrating at 25kDa (Fig. 1A, lane 2, No. 7), was
identified as Prx1 based on two independent MS spectra (Fig. 1B,C).
To confirm the proteomic identification of Prx1, HEK293T cells were
transfected with MEF-E6AP C-A plasmid or empty plasmid. The cells
were lysed and immunoprecipitated with anti-Myc MAb or control
IgG. Endogenous Prx1 was co-immunoprecipitated with anti-Myc
MADb, suggesting that EGAP binds endogenous Prx1 (Fig. 1D, lane 4).

IN VIVO INTERACTION BETWEEN Prx1 AND E6AP

To determine whether E6AP specifically interacts with Prx1, HA-
E6AP plasmid was introduced into HEK293T cells together with
either FLAG-Prx1 plasmid or FLAG-Prx2 plasmid. Prx1 and Prx2
share 77.4% sequence identity at the protein level. Cells were lysed
and immunoprecipitated with anti-HA MAb, anti-FLAG MAb, or
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Peptide m/z Sequence determined Residues

582.1 ATAVMPDGQFK 17-27

TIAQDYGVLK 111-120

MSSGNAKIGHPAPNFKATAVMPDGQFKDISLSDYK
GKYVVFFFYPLDFTFVCPTEHAFSDRAEEFKKLNCQ
VIGASVDSHFCHLAWVYNTPKKQGGLGPMNIPLVSDP

iP: normat IgG (1, 3)
anti-Myc MAb (2, 4)
iB: anti-FLAG MAb

— MEF-EGAP C-A

IP: normal 1gG (1, 3)
anti-Myc MAb (2, 4}

s e PR

- MEF-EBAP C-A

IB: anti-Prx1 PAb 20 —
1
(kDa)
Input (5 %) 140 —
100 -
1B: anti-FLAG MAb
IB: anti-Prx1 PAb 5

normal IgG (Fig. 2A, lanes 1-6). FLAG-Prx1 but not FLAG-Prx2 was
co-immunoprecipitated with anti-HA MAb (Fig. 2A, lower panel,
lanes 1 and 2). Conversely, HA-E6AP was co-immunoprecipitated
with FLAG-Prx1 but not FLAG-Prx2 using anti-FLAG MAb
(Fig. 2A, upper panel, lanes 3 and 4). These results suggest that
E6AP specifically interacts with Prx1.

Fig. 1. Identification of Prx1 as a binding partner for EGAP. A: Prx1 interacts with EGAP in vivo. HEK293T cells were transfected with pcDNA3-MEF-EEAP C-A or empty
plasmid, incubated for 48 h, and then harvested. The expressed MEF-E6AP C-A and binding proteins were recovered using the MEF purification procedure, Proteins bound to the
MEF-EGAP C-A immobilized on anti-FLAG beads were dissociated with FLAG peptides, resolved by 7.5% SDS-PAGE, and visualized by silver staining. Control experiments were
performed using HEK293T cells transfected with vector alone. Bound proteins were detected by SDS—-PAGE and silver staining. Molecular weight markers are indicated as well as
the position of p25 {No. 7), which likely corresponds to Prx1. B: Peptide masses were identified by tandem mass spectrometry. The protein was Prx1 (GenBank accession No.
BC021683). C: Corresponding amino acids of Prx1 (peptides in bold print). D: HEK293T cells were co-transfected with MEF-E6AP C-A plasmid. Control experiments were
performed using HEK293T cells transfected with vector alone. Cell lysates were immunoprecipitated with anti-Myc MAb or normal mouse IgG (lanes 1-4), eluted with c-Myc
tag peptide. Eluates were analyzed by immunoblotting with anti-FLAG MAb or anti-Prx1 PAb. The input samples were separated by SDS-PAGE and analyzed by immunoblotting
with anti-FLAG MAb or anti-Prx1 PAb (lanes 5-8). The positions of Prx1 and MEF-E6AP C-A are indicated by arrows. 1B, immunoblot; IP, immunoprecipitation.

To determine whether Prx1 and E6AP co-localize in the cells,
immunofluorescence microscopy analysis was performed in
HEK293T cells. There was no staining without primary antibodies
(data not shown). The immunofluorescence study showed that E6AP
and Prx 1 mainly localize in the cytoplasm and that E6GAP and Prx1
co-localize in the cytoplasm (Fig. 2B, Merge).
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IN VITRO INTERACTION BETWEEN Prx1 AND E6AP

To determine whether EGAP interacts with Prx1 in vitro,
purified recombinant MEF-E6AP, MEF-annexin A1 expressed in
insect cells using a baculovirus system and purified recombinant
Hisg-Prx1 and Hisg-Prx2 expressed in E. coli were used. The
Hise-tagged Prx proteins were mixed with either MEF-E6AP or
MEF-annexin Al, incubated, pulled down with Ni-NTA agarose,
and analyzed by immunoblotting with anti-FLAG MAb (Fig. 3,
upper panel) or anti-polyhistidine MAb (Fig. 3, middle panel).
MEF-annexin A1 served as a negative control to confirm that MEF-
tag does not bind Prx 1. MEF-E6AP was pulled down with Prx1, but
not with Prx2 (Fig. 3, lanes 1 and 3), whereas annexin A1 was not
pulled down with either Prx1 or Prx2 (Fig. 3, lanes 2 and 4). These

Fig. 2. In vivo interaction between Prx1 and EBAP. A: HEK293T cells were co-transfected with pCAG-HA-EBAP together with cither pCAG-FLAG-Prx1 or pCAG-FLAG-Prx2.
Cell lysates were immunoprecipitated with anti~-HA mouse MAb, anti~FLAG mouse MAb, or normal mouse 1gG and analyzed by immunoblotting with anti-HA PAb or anti-FLAG
MAb. B: HEK293T cells were transfected with either HA-EGAP plasmid or FLAG-Prx1 plasmid, grown on coverslips, fixed, and processed for double-label immunofluorescence
for HA-EGAP or FLAG-Prx1. All the samples were examined with a BZ-8000 microscope (Keyence).

results suggest that E6AP directly and specifically binds Prx1
in vitro.

EGAP DECREASES STEADY-STATE LEVELS OF Prx1 IN

HEK293T CELLS

One of the characteristic features of HECT domain ubiquitin
ligases is their direct association with their substrates. Thus, we
hypothesized that EGAP would function as an E3 ubiquitin ligase for
Prx1. We assessed the effects of EGAP on the steady-state levels of
Prx1 in HEK293T cells. FLAG-Prx1 together with HA-tagged E6AP,
catalytically inactive EGAP, EGAP C-A, or Nedd4 (another HECT
domain ubiquitin ligase) was introduced into HEK293T cells, and the
levels of Prx1 were examined by immunoblotting. The steady-state
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Fig. 3. In vitro interaction between Prx1 and E6AP. Purified MEF-EGAP,
MEF-Annexin A1, Hisg-Prx1, and Hisg—Prx2 were used to examine the
interaction between EGAP and Prxs. Purified MEF-EGAP was mixed with either
Hisg=Prx1 or Hisg—Prx2, incubated, and pulled down with Ni-NTA agarose.
MEF-Annexin A1 served as a negative control. The bound proteins were
separated by SDS~PAGE and analyzed by immunoblotting with anti-FLAG
MAb (upper panel) or anti-Hisg MAb (middle panel). The input MEF-EGAP and
MEF-annexin A1 were separated by SDS-PAGE and stained with Coomassie
brilliant blue (lower panel).

levels of Prx1 decreased with an increase in the amount of E6AP
plasmid (Fig. 4A lanes 1-3, Fig. 4B). However, neither EGAP C-A nor
Nedd4 decreased the steady-state levels of Prx1 (Fig. 4A lanes 4-6
and 7-9, Fig. 4B), indicating that E6AP specifically decreases Prx1.

To determine if endogenous E6AP is critical for the degradation of
endogenous Prx1 in the cells, the expression of E6GAP was knocked
down by siRNA and the expression of Prx1 and E6AP was analyzed
by immunoblotting. Transfection of siE6GAP into HEK293T cells
resulted in a decrease in E6AP levels by 97% (Fig. 4C, upper panel,
lane 2). Knock-down of endogenous E6AP resulted in accumulation
of endogenous Prx1 (Fig. 4C, lane 2, middle panel), suggesting that
endogenous E6AP plays a role in the proteolysis of endogenous
Prx1.

To further investigate if the EGAP-induced reduction of Prx1 is
dependent on the proteasome, we examined the effects of the
proteasome inhibitor clasto-lactacystin and the lysosomal enzyme
inhibitors, E-64d and Pepstatin A, on the level of Prxl1. Clasto-
lactacystin was used to examine if Prx1 gets stabilized after the
treatment, because it has an irreversible inhibitory effect on
proteasome. HEK293T cells were transfected with pCAG-FLAG-Prx1
plus either empty vector or pCAG-HA-E6AP. Overexpression of
E6AP resulted in a remarkable reduction of the Prx1 (Fig. 4D, lane 2,
middle panel), whereas the Prx1 protein level was increased after
treatment with clasto-lactacystin (Fig. 4D, lane 4, middle panel).
In contrast, the Prx1 protein level was unchanged after treatment
with E-64d plus Pepstatin A (Fig. 4D, lane 6, middle panel). These
results indicate that EGAP-induced reduction of Prx1 is proteasome-
dependent.

E6AP-DEPENDENT POLYUBIQUITYLATION OF Prx1 IN VIVO

To determine whether E6AP can induce ubiquitylation of Prx1 in
cells, we performed in vivo ubiquitylation assays. HEK293T cells
were transfected with FLAG-Prx1 plasmid and either EGAP or Nedd4
plasmid, together with a plasmid encoding HA-tagged ubiquitin to
facilitate the detection of ubiquitylated Prx1. Cell lysates were
immunoprecipitated with anti-FLAG MAb and immunoblotted with
anti-HA PAb to detect ubiquitylated Prx1 protein. No ubiquitin
signal was detected in the cells co-transfected with empty plasmid or
Nedd4 plasmid (Fig. 5A, lanes 4 and 6). In contrast, co-expression of
E6AP led to readily detectable polyubiquitylated forms of the Prx1
as a smear of higher-molecular weight bands (Fig. 5A, left panel,
lane 5). Immunoblot analysis with anti-FLAG PAb confirmed that
FLAG-Prx1 was immunoprecipitated and that higher-molecular
weight bands conjugated with HA-ubiquitin were indeed poly-
ubiquitylated forms of the FLAG-Prx1 (Fig. 5A, right panel, lane 5).
These results suggest that E6GAP enhances polyubiquitylation of
Prx1 in vivo.

To further investigate if E6AP is involved in K48-linked
ubiquitylation of Prx1, we performed in vivo ubiquitylation assay
using HA-tagged K48R dominant negative ubiquitin mutant and
K48 only ubiquitin mutant expression plasmids. HEK293T cells were
transfected with FLAG-Prx1 plasmid and E6AP plasmid, together
with a plasmid encoding HA-ubiquitin WT, HA-K48R ubiquitin, or
HA-K48 ubiquitin to facilitate the detection of ubiquitylated Prx1.
Ubiquitin signal was detected in the cells transfected with either HA-
ubiquitin WT or HA-K48 ubiquitin plasmid (Fig. 5B, lane 1 or 3),
whereas no ubiquitin signal was detected in the cells transfected
with HA-K48R ubiquitin (Fig. 5B, lane 2), suggesting that E6GAP
enhances K48-linked polyubiquitylation of Prx1. These results are
consistent with the notion that E6AP is involved in proteasomal
degradation of Prx1.

E6AP MEDIATES POLYUBIQUITYLATION OF Prx1 IN VITRO

To reconstitute the E6AP-mediated polyubiquitylation of Prx1 in
vitro, we performed an in vitro ubiquitylation assay of the Prx1
using purified MEF-E6AP and His-Prx1 as described above. When
the in vitro ubiquitylation reaction was carried out in the presence of
MEF-E6AP C-A, no ubiquitylation signal was detected (Fig. 5C,
lanes 3). However, inclusion of purified MEF-E6AP in the reaction
mixture resulted in ubiquitylation of Hisg-Prx1 (Fig. 5C, lane 4). No
signal was detected when Hisg-Prx 1 was not included in the reaction
mixture (Fig. 5C, lane 2). From these results, we concluded that EGAP
mediates polyubiquitylation of Prx1.

In this study, we identified Prx1 as a novel E6AP-binding protein
using a tandem affinity purification procedure coupled with mass
spectrometry. Overexpression of E6AP enhances proteasomal
degradation of Prx1, and siRNA-mediated knockdown of endo-
genous E6AP results in accumulation of endogenous Prx1. EGAP
enhances the polyubiquitylation of Prx1 in vivo and in vitro. We
conclude that EBAP mediates ubiquitin-dependent degradation of
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Fig. 4. [EGAP decreases the steady-state levels of Prx1 protein in HEK293T cells. A: HEK293T cells (5 x 10° cells/six-well plate) were transfected with 0.5 j.g pCAG-FLAG-
Prx1 plus empty vector and 1 or 9 jug of pCAG-HA-EBAP, pCAG-HA-EBAP C-A, or pCAG-HA-Nedd4. At 48 h posttransfection, equivalent amounts of the whole-cell lysates
were separated by SDS—PAGE and analyzed by immunoblotting with anti-HA MAb (top panel), anti-FLAG MAb (middle panel), and anti-GAPDH MAD (bottom panel). The results
shown are representative of three independent experiments. B: Quantitation of the data shown in panel A. The intensities of the gel bands were quantitated using the ImageJ
1.43 program. The level of GAPDH served as a loading control. C: Knockdown of endogenous EGAP by siRNA resulted in the accumulation of endogenous Prx1 in HEK293T cells.
HEK293T cells (3 x 10° cells/six-well plate) were transfected with 40 pmol of EGAP-sheciﬁc duplex siRNA (or a scramble negative control). The cells were harvested at 96 h after
siRNA transfection. Dz HEK293T cells (5 x 10° cells/six-well plate) were transfected with 0.5 g of pCAG-FLAG-Prx1 plus 9 p.g of empty vector or pCAG-HA-EBAP. At 36 h
after transfection, the cells were treated with DMSO control {lanes 1 and 2), 30 uM clasto-lactacystin (lanes 3 and 4}, or 40 WM E-64d plus 20 M Pepstatin A (lanes 5 and 6).
Cells were collected at 12 h after treatment with the inhibitors. Equivalent amounts of the whole-cell lysates were separated by SDS-PAGE and analyzed by immunoblotting
with anti-HA MAb (upper panel), anti-FLAG MAb (middle panel), or anti-GAPDH MAb (lower panel).
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Prx1. Our results suggest that EGAP is involved in the regulation of
Prx1 activity through the ubiquitin-proteasome pathway.

Prx1 is a 25-kDa member of the Prx family, a ubiquitous family of
antioxidant peroxidases that regulate many cellular processes

Fig. 5. EGAP mediates ubiquitylation of Prx1 in vivo and in vitro. A: HEK293T cells (2 x 10° cells/10-cm dish) were transfected with 1 pg of pCAG-FLAG-Prx1 together with
2 g of plasmid encoding EGAP or Nedd4 as indicated. Each transfection also included 2 g of plasmid encoding HA-ubiquitin. The cell lysates were immunoprecipitated with
FLAG beads and analyzed by immunoblotting with anti-HA PAb (left panel) or anti-FLAG MADb (right panel). Arrow indicates FLAG-Prx1. Asterisk indicates immunoglobulin
light chain. Ubiquitylated species of FLAG-Prx1 are marked by brackets. B: HEK293T cells (2 x 10° cells/10-cm dish) were transfected with 1 g of pCAG-FLAG-Prx1 together
with 2 g of plasmid encoding E6AP plasmid. Each transfection also included 2 pg of plasmid encoding HA-Ub WT, HA-Ub K48R, or HA-Ub K48 as indicated. At 36h after
transfection, the cells were treated with 25 WM MG132 and cultured for 12 h. The cell lysates were immunoprecipitated with FLAG beads and analyzed by immunoblotting with
anti-HA PAb. Ubiquitylated species of FLAG-Prx1 are marked by brackets. C: In vitro ubiquitylation of Prx1 by recombinant E6AP. For in vitro ubiquitylation of Prx1 protein,
purified Hiss~Prx1 was used as a substrate. Assays were done in 40-p.| volumes containing each component as indicated. The reaction mixture is described in Materials and
Methods Section. The reaction was carried out at 37°C for 120 min followed by immunoprecipitation with anti-Prx1 PAb and analysis by immunoblotting with anti-Ub MAb.
Ubiquitylated species of Hisq-Prx1 are marked by brackets. Asterisk indicates immunoglobulin heavy chain.

through intracellular oxidative signal transduction pathways. More
than 50 members of the Prx family have been identified in a wide
variety of organisms ranging from prokaryotes to mammals. Prxs
are widely expressed hydrogen peroxide scavenger proteins best
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known for their role in detoxifying reactive oxygen species, DNA
damage, and cancer, but they also act in cellular signaling and as
molecular chaperones [Jang et al, 2004; Hall et al, 2009].
Mammalian cells express six isoforms of Prx (Prx1-6), which are
classified into three subgroups (2-Cys, atypical 2-Cys, and 1-Cys)
[Rhee et al., 2005]. Prx1 is a 2-Cys thiol reductase that forms a
component of cellular antioxidant and thermal stress defense
mechanisms through its ability to metabolize H,0,, and its
properties as a molecular chaperone [Wood et al., 2003a,b; Jang
et al., 2004]. Furthermore, Prx1 controls neuronal differentiation by
a thiol-redox-dependent cascade [Yan et al., 2009].

The peroxidase activity of Prx1 is regulated by phosphorylation,
which is mediated by cyclin-dependent kinases [Chang et al., 2002].
Phosphorylation at Thr90 by several Cdks, including Cdc2, results in
inhibition of its peroxidase activity. Another known regulatory
mechanism is cysteine sulfinic acid formation [Woo et al., 2003].
The active-site cysteine of Prx1 is selectively reduced to cysteine
sulfinic acid during catalysis, which leads to inactivation of
peroxidase activity. Reversing the inactivation of Prx1 was
previously identified as a mechanism for its regulation. The sulfinic
form of Prx1, produced during the exposure of cells to H,0,, is
rapidly reduced to the catalytic active thiol form [Woo et al., 2003].
We propose here a novel regulatory mechanism of Prx 1. Our results
show for the first time that the E6AP-mediated ubiquitin-
proteasome pathway is a mechanism for irreversibly attenuating
the activity of Prx1. Our data suggest that EGAP specifically targets
Prx1 for ubiquitin-dependent proteasomal degradation. Prx1 and
Prx2 share 77.4% sequence identity at the protein level. However,
our data showed that EBAP does not interact with Prx2 in vivo and
in vitro, suggesting a specific interaction between E6AP and Prx1.

Angelman syndrome is a neurologic disorder characterized by
developmental delay, severe intellectual disability, motor impair-
ment, absent speech, happy demeanor, and epilepsy, and is
attributed to an absence of UBE3A/E6AP gene expression that
may be caused by various abnormalities of chromosome 15.
Although the genetic link between UBE3A/E6AP and Angelman
syndrome was identified more than 13 years ago [Kishino et al,
1997; Matsuura et al., 1997], the underlying pathophysiology is
poorly understood. Ubiquitin-mediated proteolysis may be impor-
tant in a number of processes of neuronal development, including
synaptogenesis and mechanisms of long-term memory. Recent
findings in animal models of Angelman syndrome have demon-
strated altered dendritic spine formation as well as both synaptic and
nonsynaptic influences in various brain regions, including
hippocampus and cerebellar cortex [Dan, 2009]. Yan et al. [2009]
provided several lines of evidence suggesting that the requirement
for Prx1 in motor neuron differentiation stems from a previously
uncharacterized enzymatic function that is distinct from its
molecular chaperone or H,0, metabolic activities. It may be
intriguing to investigate the functional link between lack of UBE3A/
E6AP expression and stability of Prx1 with regard to the
pathogenesis of Angelman syndrome.

The expression of Prx1 is induced by oxidative stress including
that from the exposure to 0% Fe’”, or 2-mercaptoethanol. In
addition to H,0,, other chemicals such as phorbol ester and okadaic
acid have also been shown to induce the expression of Prxl

[Immenschuh et al., 2002; Wijayanti et al, 2008]. Increased
expression of Prx1, in turn, contributes to greater resistance to
oxidative stress. Many studies have indicated that aberrant
expression of Prx1 was found in various kinds of cancers, such
as thyroid tumors, oral cancers, lung cancers, and esophageal
carcinoma [Yanagawa et al., 1999; Yanagawa et al., 2000; Chang
et al., 2001; Qi et al., 2005]. As the hypoxic and unstable
oxygenation microenvironment of a tumor is one of the key factors
influencing tumor growth and progression, the induction of Prx1
expression might be an adaptive response of the cancer cells [Zhang
et al., 2009]. Although the molecular mechanism responsible for the
abnormal elevation of Prx1 is still unclear, it may be interesting to
investigate the gene polymorphisms of E6AP and the stability of
Prx1 in cancer cells.

There are several modes of substrate recognition in the ubiquitin-
proteasome system. Recognition can be made via several mechan-
isms, such as (1) NH,-terminal residues (the N-end rule pathwayy},
(2) allosteric activation, (3) recognition of phosphorylated substrate,
(4) phosphorylation of E3, (5) phosphorylation of both the ligase
and its substrate, (6) recognition in trans via an ancillary protein,
(7) abnormal/mutated/misfolded proteins, and (8) recognition via
hydroxylated protein [Glickman and Ciechanover, 2002]. It is
known that E6AP uses several mechanisms for substrate recogni-
tion. E6GAP recognizes p53 in conjunction with the HPV16 E6 protein
[Scheffner et al., 1993; Talis et al., 1998]. E6AP also recognizes the
tyrosine-phosphorylated form of Blk [Oda et al., 1999] and the Ca**-
binding form of annexin A1 [Shimoji et al., 2009]. Further studies
will be needed to elucidate the mode of Prx1 recognition by E6AP.

In conclusion, we demonstrated that E6AP mediates the
ubiquitin-dependent degradation of Prx1. Future efforts will focus
on understanding the role of the EGAP-mediated proteolysis of Prx1
in the defense against oxidative stress and thermal stress as well as
the ubiquitylation signal of Prx1. Insights into the physiological
function of E6AP will be gained by investigating the effects of
various oxidative stresses on the stability and functional control
of Prx1.
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Abstract

We investigated whether sustained virological response
(SVR) and non-SVR by chronic hepatitis C patients to pegylat-
ed interferon plus ribavirin (PEG-IFN/RBV) combination ther-
apy are distinguishable by viral factors such as the IFN/RBV
resistance-determining region (IRRDR) and by on-treatment
factors through new indices such as the rebound index (RI).
The first Rl (RI-1st; the viral load at week 1 divided by the viral
load at 24 h) and the second RI (RI-2nd; the viral load at week
2 divided by the viral load at 24 h) were calculated. The sub-
ject patients were divided into 3 groups based on Ri-1st and
RI-2nd: an RI-A group (RI-1st =1.0), an RI-B group (RI-1st >1.0
and RI-2nd <0.7) and an RI-C group (RI-1st >1.0 and RI-2nd
=>0.7). The SVR rate was 71.4% (10/14) in the RI-A group,

46.2% (6/13) in the RI-B group and 20.0% (3/15) in the RI-C
group (p=0.005 between the RI-A group and the RI-Cgroup).
In IRRDR =6 and IRRDR =<5 the SVR rate was 81.3% (13/16)
and 23.1% (6/26) (p = 0.0002), respectively. By combining Rl
and IRRDR as a predicting factor, the SVR rate was 87.5% (7/8)
in the RI-A group (=6 mutationsin the IRRDR) and 7.7% (1/13)
in the RI-C group (<5 IRRDR mutations) (p = 0.0003).
Copyright © 2010 S. Karger AG, Basel

Introduction

Recently, global consensus has obtained that a combi-
nation of IFN or pegylated IFN plus ribavirin (PEG-IFN/
RBYV) is the treatment of choice for chronic hepatitis C
(CHC). Notwithstanding this treatment regimen, sus-
tained virological response (SVR) rates of those infected
with the most resistant genotypes [hepatitis C virus
(HCV)-laand -1b] still hover at ~50% [1, 2]. Itis therefore
worthwhile to identify the predictive factors that allow
the selection of patients who would achieve eradication
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of HCV RNA either before or during therapy, especially
since IFN/RBV combination therapy is costly and has
several side effects [3].

Predictors of the effectiveness of IFN-based therapy
can be classified into pretreatment and on-treatment fac-
tors. Pretreatment factors comprise: (1) host factors such
as age, gender, obesity, alcohol consumption, hepatic iron
overload, fibrosis, immune responses and co-infection
with other viruses, and (2) viral factors that mainly in-
clude viral genotypes and loads, particular amino acid
sequence variations in the NS5A region [4, 5] and in the
core protein region of HCV [6] within a given genotype.
Moreover, the mean number of mutations in variable re-
gion 3 (V3) plus its upstream flanking region of NS5A
[amino acid 2334-2379, referred to as IFN/RBV resis-
tance-determining region (IRRDR)] is significantly high-
er in HCV isolates obtained from patients who later
achieve SVR by PEG-IFN/RBV than in those from non-
SVR patients. On-treatment factors are mainly related to
viral kinetics within the first few weeks of treatment [7].

In the current study, with the aim of investigating
whether SVR and non-SVR can be distinguished by viral
factors such as IRRDR and by on-treatment factors
through new indices such as the rebound index (RI), we
calculated the first RI (RI-1st; the viral load at week 1 di-
vided by the viral load at 24 h) and the second RI (RI-2nd;
the viral load at week 2 divided by the viral load at 24 h),
as proposed by Nomura et al. [8].

Patients and Methods

The 42 patients included in this study, who all demonstrated
high viral loads (>100 KIU/ml) of serum HCV RNA of genotype
1b, had been diagnosed with CHC on the basis of abnormal serum
alanine aminotransferase persisting for at least 6 months, and of
positive HCV RNA assessed by RT-PCR. None of the patients was
positive for hepatitis B surface antigen or other liver diseases (au-
toimmune hepatitis, alcoholic liver disease). All the patients re-
ceived a regimen of PEG-IFNa-2b (peginterferon alpha-2b; Peg-
Intron; Schering-Plough, Kenilworth, N.J., USA) (1.5 pg/kg/week,
subcutaneously) in combination with RBV (ribavirin; Rebetol;
Schering-Plough) 600-1,000 mg/day for 48 weeks. RBV was ad-
ministered at a dose of 600 mg/day (3 capsules) to patients weigh-
ing <60 kg, 800 mg/day (4 capsules) to those weighing <80 kg and
1,000 mg/day (5 capsules) to those weighing =80 kg.

The efficacy of the combination therapy was evaluated by
HCV RNA negativity determined by qualitative RT-PCR analysis
at the end of therapy (end of therapy response) and 6 months after
the completion of therapy (SVR). The amount of HCV RNA was
also measured quantitatively by RT-PCR (Amplicor HCV moni-
tor v. 2.0; Roche) before therapy. The lower detection limit of the
assay was 5 KIU/ml. Samples collected during and after therapy
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were also determined by qualitative RT-PCR (Amplicor; Roche),
which has a higher sensitivity than quantitative analysis, and the
results were labeled as positive or negative. The lower limit of the
assay was 50 IU/ml.

SVR was defined as undetectable serum HCV RNA at 24
weeks after the cessation of treatment, and non-SVR as detectable
HCV RNA at 24 weeks after the discontinuation of treatment.
Informed consent was obtained from all patients enrolled in the
study after thoroughly explaining the aims, risks and benefits of
the therapy.

The amount of HCV core antigen was assessed by the IRM as-
say (Ortho Clinical Diagnostics, Tokyo, Japan), which provides a
good correlation between the amount of HCV core antigen and
the amount of HCV RNA, as shown in our previous study [9]. The
HCV core antigen was measured on days 0, 1 (24 h), 7 (1 week)
and 14 (2 weeks) according to the detection limit of 20 fmol/I es-
tablished by the manufacturer.

RI-1st was defined as the coefficient derived by dividing the
viral load of HCV core antigen at week 1 by that at 24 h, and RI-
2nd was defined as the coefficient derived by dividing the viral
load at week 2 by that at 24 h [8].

The patients were divided into 3 groups based on RI-1st and
RI-2nd: group A (RI-1st <1.0), group B (RI-1st >1.0 and RI-2nd
<0.7) and group C (RI-1st >1.0 and RI-2nd =0.7).

NS5A sequence analysis (IRRDR) was performed as described
[4]. Briefly, the sequences of the amplified fragments were deter-
mined by direct sequencing without subcloning with the use of a
Big Dye Deoxy Terminator cycle sequencing kit and an ABI 337
DNA sequencer (Applied Biosystems, Japan). The aa sequences
were deduced and aligned with Genetyx Win software v. 7.0 (Ge-
netyx Corp., Tokyo, Japan). Numbering of aa throughout the
manuscript is according to the polyprotein of HCV genotype 1b
prototype HCV-].

Statistical Analysis

Differences between the groups were assessed by the x test,
Fisher’s exact test or Student’s t test, the Mann-Whitney test and
the Kruskal-Wallis test. p < 0.05 was considered statistically sig-
nificant.

Results

Of the 42 patients treated with combination therapy,
19 (45.2%) achieved SVR and 23 (54.8%) were still HCV
RNA positive (non-SVR) 6 months after therapy. No sig-
nificant differences were observed in patient characteris-
tics between SVR and non-SVR, except in platelet counts
and the degree of fibrosis (table 1), or among the RI-A, -B
and -C groups (table 2).

The SVR rate was 71.4% (10/14), 46.2% (6/13) and
20.0% (3/15) in the RI-A, -B and -C groups, respectively,
with a significant difference between the RI-A and -C
groups (p = 0.005), but not significant between the RI-A
and -B groups and the RI-B and -C groups (fig. 1). In the
14 patients of the RI-A group, HCV RNA turned negative
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Table 1. Host-dependent, virus-related profile by response (SVR and non-SVR)

SVR Non-SVR _ pvalue
Gender (M/F), n 11/8 13/10 NS
Age, years 56.7+8.8 59.3%£10.5 NS
HCV RNA level, KIU/ml 1,685% 1,477 1,660 £ 1,363 NS
HCV core antigen, fmol/l 7,044 16,763 9,343+12,563 NS
Body weight, kg 59.9+11.5 59.8+13.6 NS
Treatment history (retreatment/naive) 6/13 13/10 NS
Platelet count ( X 10*/mm?) 18.7+4.4 14.8+5.4 0.02
FO, 1/F2, 3 12/2 5/10 0.004
Table 2. Host-dependent, virus-related profile by response (RI-A, -B and -C groups)

‘ RI-A RI.B RI-C p value
Gender (M/F), n 717 9/4 8/7 NS
Age, years 60.0+5.9 58.5%+9.4 56.1+12.8 NS
HCV RNA level, KIU/ml 1,401£1,014 2,053%£1,286 1,593 +£1,772 NS
HCYV core antigen, fmol/l 6,084 £5,106 7,674+ 5,038 11,000£15,837 NS
Body weight, kg 62.1£16.6 59.5+10.4 58.2+10.1 NS
Treatment history (retreatment/naive) 3/11 7/6 9/6 NS
Platelet count ( X 10%/mm?) 15.3£3.5 18.3+59 16.3%6.0 NS
F0, 1/F2, 3 7/3 5/4 5/5 NS
Table 3. SVR rate between IRRDR <5 and IRRDR <6 in RI-A, -B and -C groups

RI-A RI-B RI-C o

IRRDR  IRRDR IRRDR IRRDR  IRRDR  IRRDR

<5 26 - 25 =6
SVR 3 2 4 1 2
Non-SVR 3 1 5 2 12 0
SVR rate, % 50.0 87.5 28.6 66.7 7.7 100

| S | I | S —
p value I\IIS NS 0.0024
0.0003

by week 4 in 3 patients, week 8 in 5 patients, week 12 in 5
patients and was positive in 1 patient throughout the
treatment. In the 13 patients of the RI-B group, HCV
RNA was negative by week 4 in 1 patient, week 8 in 2 pa-
tients, week 12 in 4 patients, at and after week 16 in 5
patients and remained positive throughout the treatment
in 1 patient. In the 15 patients of the RI-C group, HCV
RNA was negative by week 12 in 1 patient, on and after
week 16 in 6 patients and remained positive throughout
the treatment in 8 patients (fig. 2).

Efficacy and Viral Dynamics with Viral
Mutation in Combination Therapy

The SVR rate was 81.3% (13/16) in the group with =6
mutations in IRRDR, and 23.1% (6/26) in those with <5
(fig. 3), with a significant difference between the 2 groups
(p = 0.0002).

By combining RI and IRRDR, the SVR rate was 87.5%
(7/8) in the RI-A group (IRRDR =6) and 7.7% (1/13) in
the RI-C group (IRRDR <5) (table 3), with a significant
difference between the 2 groups (p = 0.0003).
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(RI-1st >1.0 and
RI-2nd 20.7)

100? .................................................................................
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IRRDR =26
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Fig. 1. SVR rate in RI-A, -B and -C groups. The overall SVR rate
was 71.4, 46.2 and 20.0%, respectively. Significant difference in
SVR rate is indicated.

CONR [ 16weeks BE312weeks E18weeks M4 weeks

100 -+

80+

60+

40+

Response rate (%)

201

A
(RI-1st <1.0)

(RI-1st >1.0 and
RI-2nd <0.7)

(RI-1st >1.0 and
RI-2nd 20.7)

Fig. 2. Relation between response time and virus dynamics. In the
14 patients of the RI-A group, HCV RNA turned negative by week
4 in 3 patients, week 8 in 5 patients, week 12 in 5 patients and re-
mained positive throughout the treatment in 1 patient. In the 13
patients of the RI-B group, HCV RNA was negative by week 4 in
1 patient, week 8 in 2 patients, week 12 in 4 patients, at and after
week 16 in 5 patients and remained positive throughout the treat-
mentin 1 patient. In the 15 patients of the RI-C group, HCV RNA
was negative by week 12 in 1 patient, at and after week 16 in 6 pa-
tients and remained positive throughout the treatment in 8 pa-
tients.
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Fig. 3. SVR rate and IRRDR number. The SVR rate was 23.1% in
IRRDR =<5and 81.3% in IRRDR =6, which was significantly dif-
ferent.

Discussion

The importance of early virological response (EVR;
signifying HCV RNA negative at 12 weeks) has been em-
phasized in predicting SVR and non-SVR in CHC pa-
tients undergoing IFN treatment; those not reaching
EVR do not respond to further therapy. Discontinuation
of treatment in patients not reaching EVR would reduce
drug costs by more than 20%; consequently, early confir-
mation of viral reduction after initiating antiviral thera-
py for CHC is worth investigating [10].

Treatment with IFN induces a decline in HCV RNA
levels that can be mathematically measured in 2 phases.
The decline in the first phase, usually measured at 24 or
48 h, probably reflects direct inhibition of intracellular
production and release of HCV [11], with IFN efficacy
ranging from about 70% (approx. 0.7 log units) for stan-
dard IFN (given 3 times a week) to more than 90% (1 log
unit) for high daily doses of standard IFN or PEG-IFN
(given once a week) [12, 13]. The decline in the second
phase, beginning after 24-48 h, is slower and more vari-
able than that in the first phase, and is thought to reflect
continued inhibition of replication and the gradual elim-
ination of virus-infected cells [11]. The decay in the first
phase has little correlation with the IFN dose, but is more
rapid with PEG-IFN than with standard IFN prepara-
tions [10].
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Lowering HCV RNA during the first phase is essential
for efficient elimination of HCV during the second phase.
Decreases in HCV RNA titers within the first 24-48 h
after the start of I[FN would, therefore, be a dependable
estimate of antiviral efficacy [12, 13].

Early viral kinetics, determined up to week 2, are be-
lieved to express the therapeutic effect of PEG-IFN. The
concentration of PEG-IFNa-2b in serum peaks after
24 h, then declines gradually [14, 15]. The viral load is
thus reduced by 24 h but increases in week 1 [16, 17]; with
a large dose of PEG-IFN at each administration, it de-
creases markedly at 24 h but then increases in week 1 re-
gardless of the dose. In the responder group, however, the
viral load continues to decline each week thereafter [17].

In this study, we used new indices proposed by No-
mura et al. [8]: RI-1st and RI-2nd calculated from early
viral kinetics. RI-1st was defined as the coefficient de-
rived by dividing the viral load of HCV core antigen at
week 1 by that at 24 h, and the RI-2nd was defined as the
coefficient derived by dividing the viral load at week 2 by
that at 24 h. In the SVR group, a number of patients dem-
onstrated no increase in the viral load at week 1. Patients
with a high RI-2nd were regarded as poor responders or
non-responders to PEG-IFN. The RI-2nd of those other
than non-responders was below 0.7; therefore, 0.7 was
adopted as the reference value for RI-2nd, and the pa-
tients were divided into 3 groups based on RI-1st and RI-
2nd: the RI-A group (RI-1st <1.0), the RI-B group (RI-1st
>1.0 and RI-2nd <0.7) and the RI-C group (RI-1st >1.0
and RI-2nd =0.7). The SVR rate of the RI-A, RI-B and
RI-C groups was 71.4% (10/14), 46.2% (6/13) and 20%
(2/10), respectively (p = 0.005 between the RI-A group
and the RI-C group). RIs are also associated with the ear-
ly clearance of HCV RNA that is related to SVR.

In the RI-A group 21.4% (3/14), 35.7% (5/14) and 35.7%
(5/14) became HCV RNA negative by weeks 4, 8 and 12,
respectively. In the RI-B group 7.7% (1/13), 15.4% (2/13),
30.8% (4/13) and 38.5% (5/13) became HCV RNA nega-
tive by weeks 4, 8, 12, and at and after week 16, respec-
tively. In the RI-C group 6.7% (1/15) and 40.0% (6/15)
became HCV RNA negative by week 12, and at and after
week 16, respectively. It is believed that the simplified RI-
Ist and RI-2nd are evidential indices for determining the
therapeutic efficacy of PEG-IFN/RBV treatment.

We have previously reported that the high degree of
sequence variation in IRRDR (IRRDR =6) significantly
correlates with SVR, whereas the low degree of sequence
variation in this region (IRRDR <5) correlates with non-
SVR [4]. A significant correlation between the rapid re-
duction of HCV core antigen titers and the degree of se-

Efficacy and Viral Dynamics with Viral
Mutation in Combination Therapy

quence variation in IRRDR has been observed. This, in
particular, suggests a possible influence of IRRDR =6 on
HCYV replication kinetics during IFN-based therapy, es-
pecially that the direct effect of IFN begins a few hours
after the first dose.

In this study, the SVR rate was 81.2% (13/16) with
IRRDR =6and 23.1% (6/26) withIRRDR <5 (p=0.0002),
strongly suggesting that IRRDR =6 would be a useful
marker for the prediction of SVR.

By combining RI and IRRDR as a predicting factor,
the SVR rate was 87.5% (7/8) in the RI-A group (RI-1st
<1.0) with IRRDR =6, signifying that about 90% of
these patients turned SVR and were, thus, believed to be
very good responders. An SVR rate of 7.7% (1/13) was ob-
tained in the RI-C group with IRRDR <5 (p = 0.0003).

In conclusion, we propose that IRRDR combined with
RIs is the most sensitive predictive factor for SVR and
non-SVR. With the aid of RIs and IRRDR, a more effec-
tive PEG-IFN/RBV treatment could be within reach. A
more detailed investigation with a larger number of sub-
jects is needed to confirm the current results in patients
given PEG-IFN/RBV combination therapy.
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Context: The relationship between alcohol consumption and serum adiponectin levels has not
been fully explored in an Asian population.

Obijective: Our goal was to determine whether alcohol consumption is associated with a change
in adiponectin levels in a healthy Japanese population.

Design: This was a cross-sectional study.
Setting: Subjects were recruited from participants in a health check-up program.
Participants: This study included 2932 subjects (1306 men and 1626 women).

Main Outcome Measures: The effects of total weekly or daily volume of ethanol intake on serum
adiponectin levels were evaluated. In addition, the correlation of clinical traits with serum adi-
ponectin levels was examined. A multivariate regression model was used to control for possible
confounding factors.

Results: Alcohol consumption was weakly correlated with decreased serum adiponectin levels in
men [Spearman’s ordered correlation coefficient (r,) = —0.141; P < 0.001]; an even weaker cor-
relation was seen in women (r, = —0.055; P = 0.025). Multivariate analysis demonstrated that
alcohol consumption was independently associated with hypoadiponectinemia.

Conclusion: In contrast to reports from the United States and Europe among White and Black
subjects, our study demonstrated an inverse association between alcohol intake and serum adi-
ponectin levels in Asian subjects, suggesting ethnic differences in the effects of alcohol consump-
tion on serum adiponectin levels. (J Clin Endocrinol Metab 95: 3828-3835, 2010)

ponectin levels are associated with a lower risk of coro-
nary heart disease (3, 4) and type 2 diabetes (5).

diponectin, predominantly synthesized in adipose tis-
sue, is a major modulator of insulin action and re-

sistance (1). It is also related to lipid metabolism, partic-
ularly higher levels of high-density lipoprotein cholesterol
(HDL-C) and lower levels of triglycerides (2). Higher adi-
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Light to moderate alcohol intake is associated with
lower risk for coronary heart disease, potentially by in-
creasing HDL-C levels (6) or enhancing fibrinolysis (7).

Abbreviations: ADH, Alcohol dehydrogenase; ALDH2, acetaldehyde dehydrogenase type
2; ALT, alanine aminotransferase; BMI, body mass index; FBG, fasting blood glucose;
¥-GTP, y-glutamyltransferase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, ho-
meostasis model assessment of insulin resistance; HMW, high molecular weight; LDL-C,
low-density lipoprotein cholesterol; r,, Spearman’s ordered correlation coefficient.
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Several previous studies performed in White and Black
populations investigated the association between adi-
ponectin concentrations and the risk of developing car-
diovascular disease or type 2 diabetes and showed that
alcohol intake was associated with elevated serum adi-
ponectin levels (3). In contrast, recent studies in mice and
rats have demonstrated that chronic ethanol feeding de-
creases circulating adiponectin concentrations (8, 9).

As previously described, there are ethnic differences
bothinserumadiponectin levels (10) and in the risk of type
2 diabetes and cardiovascular disease between Asian and
White individuals that are not explained by conventional
risk factors (11).Inlight of these findings, we hypothesized
that alcohol consumption may have a different effect on
modulation of adiponectin levels in individuals of Asian
descent. This relationship has not been fully elucidated on
a large scale because of the limited number of subjects.
Given the sample size available to us, we chose to evaluate
the relationship between alcohol consumption and serum
adiponectin levels among a Japanese general population
while adjusting for potential confounding factors.

Subjects and Methods

Study population

This study is a part of the Japanese prospective, population-
based study held in an agricultural area located about 350 km
north of Tokyo. The design and methods of these studies have
been reported elsewhere (12-14). Briefly, the study was designed
to evaluate the role of lifestyle, diet, and genetic factors in the
subsequent development of many common diseases. The study
cohort consists of subjects recruited from participants in the reg-
ular health check-up program for residents. Since 2004, the base-
line survey and subsequent follow-up surveys have been con-
ducted annually. The survey collects information on lifestyle and
anthropometric measurements and collects blood and urine
specimens from participants on the morning of the survey. The
study protocols were approved by the ethics committee at Yama-
gata University.

Of 3826 participants in the health check-up program from
June 1, 2004, through November 30, 2005, the present study
population started with 3166 subjects aged 40 yr or older who
agreed to participate (83%). Written informed consent was ob-
tained from all subjects. For this analysis, we restricted subjects
to those with available information on drinking status and adi-
ponectin levels (n = 3130). We also excluded those who ate
breakfast before blood was drawn or those with missing infor-
mation regarding biomedical variables, anthropometrical vari-
ables, or blood pressure. Thus, data from 2932 subjects (1306
men and 1626 women) who met all eligibility criteria were
analyzed.

Data collection and measurements

Height, weight, and blood pressure were measured with the
subject in light clothes and without shoes, and the body mass
index (BMI) (kilograms per square meter) was calculated. After
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blood samples were drawn, they were frozen in aliquots at —70
C within 4 h and stored frozen until measurements. Biochemical
variables evaluated in this study included levels of total adi-
ponectin, total cholesterol, low-density lipoprotein cholesterol
(LDL-C), HDL-C, triglycerides, fasting blood glucose (FBG),
fasting serum insulin, alanine aminotransferase (ALT), and
v-glutamyltransferase (y-GTP). Plasma glucose, serum lipids,
and liver enzymes were assayed by routine automated laboratory
methods in a single laboratory (BML Inc., Tokyo, Japan). Serum
insulin concentrations were measured using a chemiluminescent
immunoassay kit (Kyowa Medics, Tokyo, Japan), with intra-
and interassay coefficients of variation of 2.0-3.0 and 0.9-
4.7%, respectively. Plasma total adiponectin levels were deter-
mined by a human adiponectin ELISA (Otsuka Pharmaceutical
Co., Tokyo, Japan). Intra- and inter-assay coefficients of varia-
tion were 3.3-3.6 and 3.2-7.3%, respectively. All biochemical
measurements were performed using plasma samples collected
after an overnight fast. The estimate of insulin resistance was
done using the homeostasis model assessment of insulin resis-
tance (HOMA-IR), which was calculated from FBG and fasting
insulin levels using the following formula: FBG (milligrams per
deciliter) X fasting plasma insulin (microunits per milliliter)/405.

Assessment of alcohol consumption and smoking
history

Information on alcohol consumption and smoking habits of
each individual was obtained in face-to-face interviews. Alcohol
consumption was calculated on the basis of ethanol volume, and
each drinker’s status was defined according to the total weekly
volume of ethanol intake. The amounts of alcoholic beverages,
including beer, wine, and whisky, were converted to an equiv-
alent amount of sake (rice wine). One hundred eighty milliliters
of sake contains 20 g ethanol; 180 ml sake equals 500 ml beer,
180 ml wine, or 60 ml whisky in alcohol content. Information on
smoking habits was categorized as current use, past use, or never.
To assess the reliability of the amount of alcohol consumption,
we compared the volume of ethanol intake in the present study
with the information on similar items in the survey conducted
using a self-administered questionnaire during May 16 through
May 29,2005. Among 1457 subjects who completed the lifestyle
questionnaire, Spearman’s ordered correlation coefficient (r,)
between the two variables was 0.71.

Statistical analysis .

Because alcohol habits are gender related (15), the analysis
was conducted according to gender. Variables are given as
means * sp for variables with a normal distribution, median
(25th-75th percentile) for skewed variables or n (percent) for
numerical or categorized variables. The skewed variables (adi-
ponectin, glucose, insulin, and triglyceride levels) were log trans-
formed before statistical analysis.

Alcohol consumption was treated both as a continuous vari-
able and as a categorical variable: abstainer, less than 120 g/wk,
120-239 g/wk, and 240 g/wk or more. BMI (<22.0,22.0-24.9,
and =25.0) and HOMA-IR (<2.0, 2.0-3.9, and =4.0) were
categorized before statistical analysis. One-way ANOVA was
used for testing between multiple groups, and Dunnett’s test was
used for subsequent comparison of abstainers with other groups.
An unpaired ¢ test was used to compare continuous data, and the
X test was used for the analysis of proportions between groups.
Pearson’s correlation coefficient or ry was calculated to evaluate




