
JOURNAL OF VIROLOGY, Mar. 2005, p. 3851–3854 Vol. 79, No. 6
0022-538X/05/$08.00�0 doi:10.1128/JVI.79.6.3851–3854.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Lambda Interferon Inhibits Hepatitis B and C Virus Replication†
Michael D. Robek,* Bryan S. Boyd, and Francis V. Chisari

Department of Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla, California

Received 6 September 2004/Accepted 25 October 2004

Lambda interferon (IFN-�) induces an intracellular IFN-�/�-like antiviral response through a receptor
complex distinct from the IFN-�/� receptor. We therefore determined the ability of IFN-� to inhibit hepatitis
B virus (HBV) and hepatitis C virus (HCV) replication. IFN-� inhibits HBV replication in a differentiated
murine hepatocyte cell line with kinetics and efficiency similar to IFN-�/� and does not require the expression
of IFN-�/� or IFN-�. Furthermore, IFN-� blocked the replication of a subgenomic and a full-length genomic
HCV replicon in human hepatocyte Huh7 cells. These results suggest the possibility that IFN-� may be
therapeutically useful in the treatment of chronic HBV or HCV infection.

Hepatitis B virus (HBV) replication is noncytopathically in-
hibited by alpha/beta interferon (IFN-�/�) and IFN-� (9).
Transgenic mouse models of HBV gene expression and repli-
cation have been used to demonstrate that multiple events
contribute to this process, including an early step in which viral
DNA replication intermediates are cleared from the liver with
no change in the level of viral mRNA and a later step where
HBV mRNA levels are reduced by both transcriptional and
posttranscriptional mechanisms (18, 19). While it has been
shown that HBV replication is inhibited by a reduction in the
assembly or stability of viral pregenomic RNA-containing cap-
sids through a mechanism that requires proteasome activity
(15, 20), the precise molecular events that mediate this inhibi-
tion have not yet been defined.

Recently, a new family of cytokines (IFN-�1, 2, 3, or inter-
leukin-29 [IL-29], IL-28A, or IL-28B, respectively) has been
characterized (11, 16). Although displaying low sequence ho-
mology to IFN-�/�, the IFN-�s share a number of common
biological characteristics with IFN-�/�. IFN-� expression is
induced by stimuli that induce IFN-�/�, such as Toll-like re-
ceptor triggering (with poly(I) � poly(C), lipopolysaccharide, or
CpG DNA) or virus (influenza or encephalomyocarditis virus
[EMCV]) infection (3, 11, 16). Also like IFN-�/�, IFN-� acti-
vates IFN-stimulated regulatory factor 3 and induces the ex-
pression of genes containing IFN-stimulated response ele-
ments (11, 16). Furthermore, IFN-� was shown to inhibit the
replication of a number of viruses, including vesicular stoma-
titis virus and EMCV (11, 16). However, IFN-� does not bind
to the IFN-� receptor complex but, rather, induces its cellular
activity through a receptor consisting of the IL-10 receptor 2
subunit and a unique subunit known as IFN-� receptor 1 (4, 11,
16).

We therefore examined the ability of IFN-� to inhibit the
replication of HBV. For these studies, we used an immortal-
ized murine hepatocyte cell line (HBV-Met) that replicates
HBV in an IFN-�/�- and IFN-�-sensitive manner (13). After
HBV-Met cells were differentiated in 2% dimethyl sulfoxide

for 12 days, HBV gene expression and replication were in-
duced from a 1.3 HBV genome-length integrated transgene
(13). Treatment of differentiated HBV-Met cells with 1 to 10
ng of murine IFN-�2 (Peprotech, Rocky Hill, N.J.) per ml
inhibited HBV replication �90% at 24 h after the IFN addi-
tion, as determined by Southern blot analysis of HBV DNA
replication intermediates (Fig. 1A). The magnitude and kinet-
ics of this effect were similar to the inhibition observed after
treating the cells with 200 U (approximately 20 ng) of murine
IFN-� (provided by K. Harada, Toray Industries, Chiba, Ja-
pan) per ml for the same time period (Fig. 1A). Under these
conditions, neither IFN-� nor IFN-� altered the level of the
HBV 3.5- and 2.1-kb mRNAs (data not shown). Thus, like
IFN-�/� and IFN-�, IFN-� induces an antiviral response in
hepatocytes that inhibits HBV replication.

We also examined the kinetics of IFN-�-mediated, IFN-
stimulated response element-dependent gene expression by
quantitative reverse transcription PCR (RT-PCR) in the HBV-
Met cells. For this analysis, we selected two representative
IFN-induced genes, Isg15 and Ifit3 (5, 17). The expression of
both Isg15 and Ifit3 was induced by IFN-� to comparable levels
and with similar kinetics relative to those of IFN-� (Fig. 1B).
Induction of these genes by IFN-�, however, appears to be
prolonged relative to their induction by IFN-�, which peaked
at 6 h and declined thereafter (Fig. 1B). Surprisingly, we were
unable to induce intrahepatic IFN-stimulated gene expression
(greater than twofold induction of Isg15 or Ifit3) or HBV
inhibition (�50% reduction) in 1.3.32 HBV transgenic mice
24 h after intravenous injection with 100 �g of murine IFN-�2,
possibly due to either a short in vivo half-life of IFN-� or a
higher receptor density on extrahepatic tissues (data not
shown).

Although the kinetics of gene expression and the antiviral
effect were consistent with a mechanism by which IFN-�-in-
duced genes directly inhibit HBV replication, the possibility
existed that the inhibition of HBV occurs through an indirect
mechanism in which IFN-� induces the expression of IFN-�/�
and/or IFN-�. However, the antiviral effect of IFN-� (100
ng/ml) was not blocked by coincubation with neutralizing an-
tibodies (1,000 neutralization units/ml; Calbiochem, San Di-
ego, Calif.) to IFN-�, IFN-�, or IFN-� (Fig. 2A). Furthermore,
we were not able to detect an increase in IFN-�, IFN-�2, or
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IFN-� mRNA expression levels upon treatment with 10 to 100
ng of IFN-� per ml by quantitative RT-PCR (Fig. 2B), pro-
viding further evidence that the antiviral effect of IFN-� is
through the direct induction of genes with antiviral activity.

Finally, we examined the ability of IFN-� to inhibit hepatitis
C virus (HCV) replication. Like HBV replication, HCV rep-
lication is sensitive to the antiviral effects of both IFN-�/� and
IFN-� (2, 6, 7, 10, 12). Human Huh7 hepatoma cells containing
subgenomic (1) or full-length genomic (14) HCV replicons
(genotype 1b) were treated for 1 to 5 days with 100 ng of

human IFN-�1 or IFN-�2 (Peprotech) per ml. As with IFN-�,
IFN-� reduced the level of HCV plus-strand RNA 3 to 5 days
after IFN addition, as determined by Northern blotting (Fig.
3A) and quantitative RT-PCR (Fig. 3B) analysis. The reduc-
tion in HCV replicon RNA was approximately 90% in the
subgenomic and �99% in the full-length genomic replicon-
containing cells by day 5 posttreatment. However, this reduc-
tion was less than that achieved with 500 U (approximately 5
ng) of IFN-� per ml, especially at the earlier time points (Fig.
3A and B). IFN-� also induced the expression of the repre-
sentative IFN-stimulated gene MxA to levels similar to those
induced by IFN-� in replicon-containing Huh7 cells (Fig. 3C).
Thus, like HBV replication, HCV replication is sensitive to the
antiviral effects of IFN-�.

Although displaying little sequence homology to IFN-�/�
and exerting its biological activities through a distinct receptor,
IFN-� induces the expression of IFN-stimulated genes with
antiviral activity. IFN-�1 has been previously shown to inhibit
vesicular stomatitis virus and EMCV replication with a specific

FIG. 1. IFN-� inhibits HBV replication and induces expression of
IFN-stimulated genes. (A) Differentiated HBV-Met cells were untreat-
ed (�; lanes 1, 5, and 9) or treated with 200 U of murine IFN-� (�; lanes
2, 6, and 10) per ml, 1 ng of murine IFN-�2 (�1; lanes 3, 7, and 11) per
ml, or 10 ng of murine IFN-�2 (�10; lanes 4, 8, and 12) per ml and har-
vested at the indicated time points. HBV replication was monitored by
Southern blot (SB) analysis of the HBV relaxed circle (RC) and single-
stranded (SS) DNA replication forms. Tg, integrated transgene. (B)
Quantitative RT-PCR analysis of two representative IFN-induced genes,
Isg15 and Ifit3. Data are expressed as increases in induction (n-fold)
relative to untreated cells and are normalized to GAPDH (glyceral-
dehyde-3-phosphate dehydrogenase) expression levels. FIG. 2. Inhibition of HBV replication by IFN-� does not require

IFN-�/� or IFN-�. (A) Differentiated HBV-Met cells were untreated
(lanes 1 to 4) or treated with 100 ng of murine IFN-�2 (lanes 5 to 8)
per ml in the presence of 1,000 neutralization units of antibody to
murine IFN-� (�; lanes 2 and 6), IFN-� (�; lanes 3 and 7), or IFN-�
(�; lanes 4 and 8) per ml and harvested 24 h later. HBV replication was
monitored by Southern blot (SB) analysis of the HBV relaxed circle
(RC) and single-stranded (SS) DNA replication forms. Tg, integrated
transgene; neut Ab, neutralizing antibody. (B) Quantitative RT-PCR
analysis of changes in IFN-�, IFN-�2, and IFN-� expression levels
induced by IFN-� (500 U/ml), IFN-� (10 and 100 ng/ml), or transfec-
tion with an irrelevant double-stranded RNA (dsRNA). Data are ex-
pressed as the change in induction (n-fold) relative to untreated cells
and are normalized to GAPDH (glyceraldehyde-3-phosphate dehydro-
genase) expression levels.
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activity similar to that of IFN-�, although the activity of
IFN-�2 against EMCV may be lower than that of IFN-�1 (11,
16). We have demonstrated here that replication of HBV and
HCV is sensitive to the antiviral activities of IFN-�. However,
the precise potency of IFN-� with respect to HBV and HCV
inhibition remains to be determined, as does the question of
whether IFN-� activates alternate antiviral pathways and
would, therefore, act synergistically with IFN-�. Finally, the
apparent low potency of IFN-� in vivo warrants further char-
acterization, as to our knowledge this has not been previously
examined.

IFN-� is utilized therapeutically in the treatment of chronic
HBV and HCV infections and is presumably clinically ben-
eficial through both its immunomodulatory and antiviral
properties (8). IFN-� therapy has a number of disadvantages,
however, including significant side effects. The results of the
present study raise the possibility that IFN-� may also be
clinically useful in the treatment of chronic HBV and HCV
infections, either alone or in combination with IFN-�. Further
studies will be needed to determine if these therapeutic strat-
egies will be feasible.
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