Hepatitis C Virus, the E2
Envelope Protein, and
a-Interferon Resistance

Taylar et al. (1) showed that the hepatitis
C virus (HCV) envelope protein E2 inhibits
the activity of the interferon-inducible pro-
tein kinase PKR in cell systems. PKR is an
antiviral protein that blocks protein synthe-
sis by phosphorylating the translation initi-
ation factor elF2a (2). HCV E2 binds to
PKR through a 12-amino acid sequence
similar to the PKR autophosphorylation
site and the elF2a phosphorylation site, the
PKR-elF2a phosphorylation homology do-
main (PePHD). This binding and inhibition
may account for the intrinsic resistance to
interferon (IFN) therapy of chronic hepati-
tis C patients infected with genotype 1, but
not of those with genotypes 2 or 3, in
agreement with clinical data (3).

To assess whether the E2 PePHD se-
quence may be specifically associated with
a pattern of response to a-IFN that may
have diagnostic and prognostic signifi-
cance, we studied 15 patients with chronic
hepatitis C. Response to a-IFN was defined
as lack of serum HCV RNA (by qualitative
RT-PCR; Amplicor, Roche, Switzerland)
after 12 weeks of treatment at a dose of 3
MU three times a week. Eight patients—
two responders and six nonresponders—
belonged to HCV genotype 1; seven pa-
tients—five responders and two nonre-
sponders— belonged to genotype 3 (Fig. 1).
Complementary DNA derived from total
liver RNA was PCR-amplified using Pfu
polymerase and primers encompassing the
COOH-terminal E2-encoding region of
HCV. Purified PCR products were directly se-
quenced and analyzed by multiple sequence
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Fig. 1. Alignment of the PePHD sequences
from 15 HCV isolates of genotypes 1 and 3,
derived from patients who responded to
«-IFN therapy (responder; n = 7) and who
failed to respond (NR; n = 8). Sequences of
the PKR phosphorylation site (amino acids 48
to 54) of elF2a and of the autophosphoryl-
ation domain (amino acids 79 to 90) of PKR
are shown for comparison.
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alignment with hierarchical clustering (£).

All eight HCV genotype 1 isolates, ir-
respective of the pattern of response to
a-IFN, had the same consensus sequence,
corresponding to that of the IFN-resistant
patient belonging to genotype 1b in the
Taylor et al. study [figure | of (/)]. The
consensus sequences of HCV genotype 3
isolates were also identical in all but two
patients, again irrespective of the response
to o«-IFN. These results show that the
PePHD sequence may not necessarily ac-
count for the pattern of response to a-IFN
in vivo. The failure to respond of two
patients infected with HCV genotype 3 may
have stemmed from an insufficient dose of
a-IFN (5). By contrast, the response to
treatment of two patients infected with
HCV genotype 1, despite a PePHD sequence
identical to that of c-IFN—resistant HCV iso-
lates, suggests that other factors may have
had a greater influence on the response to
a-IFN. The interaction between HCV-E2 and
PKR may well affect the PKR activity, but
that activity may not be entirely suppressed if
the baseline state is highly activated.

We do not dismiss the elegant data ob-
tained by Taylor ef al. in cell systems (/).
Steadfast application of those results to the
human model may be premature, however,
until the appropriate correlative studies have
been made.
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Response: Our report (/) showed that the
E2 protein of genotype 1 hepatitis C virus
(HCV) can inhibit the cellular double-
stranded RNA-activated protein kinase
PKR, whereas the E2 protein from other
genotypes cannot. This property correlates
with the extent of sequence similarity be-
tween the PePHD sequence of E2 and PKR
and elF-2a among the different genotypes.
We believe that this finding can explain the
resistance to IFN of genotype | viruses
relative to that of other genotypes. At the
same time, as we noted (/), although all
viruses within a genotype have the same,
highly conserved PePHD sequences, some
are sensitive to IFN, whereas others are
resistant to it. Thus, this property cannot
explain the sensitivity or resistance of dif-
ferent isolates within the same genotype.

HCV uses a multipronged approach to
develop resistance to IFN, including the
NS5A protein, which also inhibits PKR
activity (2). Heim et al. (3) showed that
another, unknown HCV protein inhibits the
IFN-induced JAK-STAT signaling path-
way. Study of PKR-, RNase L—, and Mx-
triple—deficient mice has shown that there
are multiple alternative antiviral pathways
for IFN (4). The E2-PKR interaction can
only explain the generally higher resistance
of the genotype | viruses relative to that of
other genotypes. As the sequence conser-
vation of the PePHD sequence within the
same genotype implies, this molecular-
mimicry mechanism cannot explain the dif-
ference in IFN sensitivity between individ-
ual isolates within the same genotype—nor
did we claim that it does. Other mechanisms
must explain the variations among viruses
within the same genotype.

Nevertheless, the E2-PKR interaction is
clearly one of the mechanisms by which
HCV evades the actions of IFN. Moreover,
the sequence analysis submitted by Abid er
al. supports our hypothesis that the genotype
I PePHD sequence is associated with a high-
er percentage of IFN resistance than genotype
3. This is consistent with the interpretation
that this sequence contributes to IFN resis-
tance, although IFN sensitivity or resistance
within a genotype cannot be predicted from
the PePHD sequence.

We agree with Abid ef al. that the PePHD
sequence within the same genotype does not
vary with the clinical resistance or sensitivity
of the individual HCV isolates. Our prelimi-
nary analysis of 43 patients from various
genotypes led us to reach the same conclu-
sion. Nevertheless, our original observation
that E2-PKR homology can explain the rela-
tive resistance of different HCV genotypes is
still valid and offers a potential strategy for
improving the efficacy of IFN—particularly
for viruses of genotype 1, the most prevalent
genotype.

1555a

1207 ‘51 Aepy Uo jBlo Belwaousios aouans//dy Wol) papeo|umo



1555a

Deborah R. Taylor

Stephanie T. Shi

Department of Molecular Microbiology
and Immunology

School of Medicine

University of Southern California

Los Angeles, CA 90089, USA

Patrick R. Romano

Small Molecule Therapeutics
Monmouth Junction, NJ 08852, USA

TECHNICAL COMMENT

Glen N. Barber
School of Medicine
University of Miami

Miami, FL 33136, USA

Michael M. C. Lai

Department of Molecular Microbiology
and Immunology and

Howard Hughes Medical Institute
School of Medicine

University of Southern California
E-mail: michlai@hsc.usc.edu

References

1. D. R Taylor, S. T. Shi, P. R. Romano, G. N. Barber,
M. M. C. Lai. Science 285, 107 (1999).

2. M. ). Gale et al., Virology 230, 217 (1997).

3. M. H. Heim, D. Moradpour, H. E. Blum, /. Virol. 73,
B460 (1990).

4. A 7hou, ]. M. Paranjape, 5. D. Der, B. R. G. Williams,
R. H. Silverman, Virology 258, 435 (1999).

14 January 2000; accepted 4 February 2000

3 MARCH 2000 VOL 287 SCIENCE www.sciencemag.org

1207 ‘51 Aepy Uo jBlo Belwaousios aouans//dy Wol) papeo|umo



Science

Hepatitis C Virus, the E2 Envelope Protein, and a-Interferon Resistance
Karim Abid, Rafael Quadri and Francesco Negro

Science 287 (5458), 1555.
DOI: 10.1126/science. 287 5458.1555a

ARTICLE TOOLS http://science sciencemag.org/content/287/5458/1555
REFERENCES This article cites 7 articles, 3 of which you can access for free

http://science sciencemag.org/content/287/5458/1555#BIBL

PERMISSIONS hitp://www_sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. The title Science is a registered trademark of AAAS.

Copyright @ 2000 The Authors, some rights reserved: exclusive licensee American Association for the Advancement of Science.
No claim to original U.S. Government Works.

1207 ‘51 Aepy Uo jBlo Belwaousios aouans//dy Wol) papeo|umo



