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Interferons (IFNs) are the charter members of the
cytokine superfamily. They were first identified in
1957 as multifunctional secreted proteins involved
in antiviral defense, cell growth regulation, and
immune activation.1 They act through complex
molecular and genetic pathways, and the medical
community is just beginning to understand how
these molecules work in the treatment of a variety
of viral infections, including hepatitis C virus
(HCV). In addition, IFNs are structurally and
functionally diverse, with varying affinities for
receptor binding, immune-cell induction, and viral
suppression. Thus, as clinicians consider treatment
options for their HCV-infected patients,
particularly those in difficult-to-treat populations,
relative biological potency makes logical sense as
a starting point.

IFNs are produced by mammalian cells in
response to viral infection and mediate cellular
homeostatic responses through the inhibition of
viral replication.2 IFNs are classified into at least
2 distinct types, according to the type of cell
surface receptors they bind to. Type 1 IFNs bind
to the α/β receptor, and type 2 IFNs bind to the γ
receptor. Type 1 IFNs are subdivided into 4
structurally related families: IFN α, IFN β, IFN ω,
and IFN τ. There are approximately 12 subtypes
of IFN α but only 1 subtype of IFN β. Unlike type
1 IFNs, which are produced by a wide range of
cell types in direct response to viral infection, type
2 IFNs are only produced by immune cells (ie,
activated T lymphocytes and natural killer cells) in
response to the recognition of infected cells.2

The primary antiviral action of IFNs occurs via a
complex cellular pathway that is stimulated by
viral attachment and ultimately leads to the
expression and synthesis of interferon stimulated
gene (ISG) products. HCV infection triggers IFN-
independent signaling events in the host cell,
including transcription factors and cofactors that

promote gene expression. The convergence of
these signaling pathways initiates the production
and secretion of IFN β. Secreted IFN β and
therapeutically administered IFN α bind to a
common receptor expressed on the surface of the
target cell. This leads to the activation of the Jak-
STAT signaling pathway, which features receptor-
associated protein kinases that catalyze
phosphorylation events leading to the activation
and heterodimerization of the signal transducer
and activator of transcription (STAT) proteins. The
STAT 1/2 complex then translocates to the cell
nucleus, where it associates with regulatory
factors to form interferon-stimulated gene factor 3
(ISGF3). ISGF3 then binds to the IFN-stimulated
response element (ISRE) and initiates the
expression of ISG products, many of which have
antiviral or immunomodulatory functions.3

Type 1 IFNs have a large number of biological
actions; most of these actions involve the immune
system (see Figure 1). IFN induction, early in the
innate immune response, provides a priming
mechanism that influences many subsequent

innate and adaptive immune functions. For
example, type 1 IFNs can activate natural killer
(NK) cells and increase T lymphocyte survival.4,5,6

The primary action of type 1 IFNs on viral
replication is their ability to suppress infection.
IFNs can inhibit viral replication at several sites
and by multiple mechanisms, including processes
that disrupt viral entry and/or uncoating, alter
viral RNA transcription and replication, alter viral
and host RNA metabolism, influence processes of
viral RNA translation, or effect viral maturation,
assembly, or release. Type 1 IFNs also have
antiproliferative, antifibrotic, and antiangiogenic
biologic actions.

Viral decay in response to exogenous IFN
displays a bimodal pattern. After a lag period of
4 to 12 hours, in which ISGs are synthesized and
activated, a rapid decline in viral load is initiated. 

A block of virion production or release
characterizes the first phase of viral decay, with
the effect being IFN-dose dependent. The rapidity
of viral decline in the first phase is predictive for
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The patient was seen on a monthly basis.
During these visits he was assessed for
depression and insomnia. Prior to each visit,
blood was drawn for complete metabolic
panel, CBC with differential, PT, PTT, and TSH.
After the first month, the patient did complain
of body aches, significant fatigue, and flu-like
symptoms. According to the patient, these
symptoms were similar in intensity to those
experienced when he was on pegylated
interferon.

Week 8: Temazepam 7.5 mg QD PRN was
added to his regimen because of insomnia.
The patient did not complain of depression.

Week 12: A triple phase CT scan of the
abdomen was ordered because of an elevated
AFP (24.7 ng/mL) and showed an enlarged
spleen and liver with no enhancing masses. A
follow-up MRI of the abdomen was suggested.

Week 20: A further drop in his neutrophil
count (ANC 598 cells/µL) was noted and
filgrastim (300 µg sc QW) was added to his
medication regimen. At the same visit, his AFP
remained high at 22.3 ng/mL, and an MRI
was done and the results confirmed the
absence of any focal lesion in the liver.

Week 24: HCV RNA was undetectable for the

first time, and ALT and AST normalized to 
47 IU/L and 42 IU/L, respectively.

Week 28: Further improvement in 
ANC (3,276 cells/µL, with the patient still on
filgrastim) was noted. The patient denied any
symptoms of depression or insomnia (he was
still on temazepam 7.5 mg QD PRN).

Week 32: Filgrastim was discontinued due to
an ANC of 7,200 cells/µL.

Week 36: HCV RNA was repeated and
remained negative. Hemoglobin reached a low
value of 11.1 g/dL.

Week 48: Daily interferon alfacon-1 plus
ribavirin therapy was completed. At the end of
this treatment, his HCV RNA PCR was negative
(both qualitative and quantitative tests). An
MRI of the liver did not show any focal lesion.

Six months after completing daily interferon
alfacon-1 plus ribavirin therapy, his HCV RNA
was still negative. An MRI of the liver did not
show any focal lesions. The patient will be
followed on a 6 month basis with repeat HCV
RNA, alpha fetoprotein (AFP), complete
metabolic panel, CBC with differential, PT, PTT,
and INR. An MRI of the liver will be performed
on an annual basis.
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Figure 1. Type 1 IFNs: Exhibit Multiple Activities4,5,6

Immunoregulatory Activity
– Proliferation, differentiation, activation of different 

cell types heavily involved in immune responses

IFN αα//ββ

Antiviral Activity
– Many cell types

Antiproliferative Activity
– Many cell types

Fibroblasts

Antifibrotic
Muscle

Antiangiogenic
VEGF suppression

Adipocytes

B lymphocytes
Proliferation

T lymphocytes
Survival

Natural killer cells
Activation

Dendritic cells
Activation

INTERFERON ALFA REFERENCES
1Goodbourn S, Didcock L, Randall RE. Interferons: cell signalling, immune
modulation, antiviral response and virus countermeasures. J Gen Virol.
2000;81:2341-2364.
2Sen GC. Viruses and interferons. Annu Rev Microbiol. 2001;55:255-281.
3Gale M Jr. Effector genes of interferon action against hepatitis C virus.
Hepatology. 2003;37:975-978.
4Stark GR, Kerr IM, Williams BR, Silverman RH, Schreiber RD. How cells
respond to interferons. Annu Rev Biochem. 1998;67:227-264.
5Theofilopoulos AN, Baccala R, Beutler B, Kono DH. Type I interferons
(alpha/beta) in immunity and autoimmunity. Annu Rev Immunol.
2005;23:307-335.
6Brierley MM, Fish EN. Review: IFN-alpha/beta receptor interactions to
biologic outcomes: understanding the circuitry. J Interferon Cytokine Res.
2002;22:835-845.
7Neumann AU, Lam NP, Dahari H, et al. Hepatitis C viral dynamics in
vivo and the antiviral efficacy of interferon-alpha therapy. Science.
1998;282:103-107.
8Dixit NM, Layden-Almer JE, Layden TJ, Perelson AS. Modelling how
ribavirin improves interferon response rates in hepatitis C virus infection.
Nature. 2004;432:922-924.
9Fish EN, Banerjee K, Stebbing N. The role of three domains in the
biological activity of human interferon-alpha. J Interferon Res. 1989;9:97-
114.
10Blatt LM, Davis JM, Klein SB, Taylor MW. The biologic activity and
molecular characterization of a novel synthetic interferon-alpha species,
consensus interferon. J Interferon Cytokine Res. 1996;16:489-499.
11Ozes ON, Reiter Z, Klein S, Blatt LM, Taylor MW. A comparison of
interferon-Con1 with natural recombinant interferons-alpha: antiviral,
antiproliferative, and natural killer-inducing activities. J Interferon Res.
1992;12:55-59.
12Blatt LM, et al. Data on file, InterMune, Inc.
13Klein SB, Blatt LM, Taylor MW. Cell surface binding characteristics
correlate with consensus type 1 interferon enhanced activity. J Interferon
Cytokine Res. 1996;16:1-6.
14Kaup-Erickson A, Gale M. Unpublished observations.
15Sumpter R Jr, Wang C, Foy E, Loo YM, Gale M Jr. Viral evolution and
interferon resistance of hepatitis C virus RNA replication in a cell culture
model. J Virol. 2004;78:11591-11604.
16Hofmann WP, Zeuzem S, Sarrazin C. Hepatitis C virus-related resistance
mechanisms to interferon alpha-based antiviral therapy. J Clin Virol.
2005;32:86-91.

continued from page 2

continued from page 3CASE STUDY

         



History of Present Illness
A 31-year-old Indian gentleman was referred to a hepatologist by his primary care physician after a local gastroenterologist unsuccessfully
treated him with peginterferon α-2b plus ribavirin. The patient was diagnosed 18 years prior with non-A non-B chronic hepatitis, and in 1998,
the diagnosis was confirmed to be chronic hepatitis C with a positive hepatitis C antibody test and an HCV RNA PCR greater than 850,000
IU/mL (the superior limit of detection at that time). His genotype is 1b.

The patient received interferon α-2b, 3 MU TIW plus ribavirin 1000 mg daily for 48 weeks between August 1999 and July 2000. He was also
treated with peginterferon α-2b weekly and ribavirin 1000 mg daily for 48 weeks between March 2001 and February 2002. At the end of the
second course of therapy, his HCV PCR RNA was 754,000 IU/mL, and his ALT was 59 IU/L. At the time of his first visit to the hepatologist, the
patient complained of heartburn and right upper quadrant abdominal pain.

Past Medical/Surgical History
His past medical history revealed blood transfusions at birth in India due to erythroblastosis fetalis and chronic bronchitis diagnosed in1997.

Social History
The patient is married with 1 daughter and denied ever having used illicit or intravenous drugs. He does not habitually drink alcohol.

Medications/Allergies
The patient takes no medications and has no known drug allergies.

Physical Exam
On physical examination, a mild hepatomegaly (14 cm in the midclavicular line and 11.6 cm in the midsternal line) was observed. A mild
jaundice was noted on sclera examination. There was no ascites, pedal edema, or asterixis.

Laboratory Tests

Liver Biopsy

The liver biopsy showed stage III
fibrosis with focal piecemeal necrosis
involving most portal areas, mild
parenchymal involvement, moderate
chronic inflammation, and mild fatty
change. A trichrome stain shows
evidence of periportal fibrosis with
focal evidence of bridging fibrosis.

Treatment/Clinical Course
He was started on daily interferon alphacon-1, 15 µg subcutaneously plus ribavirin 1000 mg/day. The risks and benefits of this treatment as
well as the potential teratogenic effects of treatment were discussed with the patient. In addition, the patient was informed that the proposed
treatment regimen of daily interferon alfacon-1 plus ribavirin is off-label and not FDA approved.
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achieving sustained virologic response. The slope
of the second phase is less steep and is
determined by the rate of infected cell clearance.
In HCV, the second phase is prolonged, lasting
weeks to months, and results from the elimination
of infected cells in the liver, most likely by IFN-
stimulated activated T-cells and natural killer cells. 

Of note, when treating HCV patients, ribavirin
works in synergy with IFN during the second
phase of viral decline. This enhancement in the
second phase means that the addition of ribavirin
to patients with slower rates of viral decline (eg,
difficult-to-treat patients such as African
Americans, those with genotype 1, and certain
nonresponders) may help to increase the rate of
complete viral clearance.8

The type I IFN family of proteins is 166 amino
acids in length. Approximately 85 of these amino
acids are conserved in the known IFN α subtypes.
The approved IFN for HCV treatment, IFN α-2a
and IFN α-2b, are structurally very similar to each
other, and both are substantially different from
consensus interferon (CIFN). Specifically, there is
only 1 amino acid difference between IFN α-2a
and IFN α-2b. In contrast, there are 18 amino
acid differences between IFN α-2a and CIFN,
while there are 19 amino acid differences
between IFN α-2b and CIFN.9,10

The structural differences among known IFN α
subtypes contribute significantly to the observed
differences in biological activity of these agents.
For example, Ozes and colleagues compared
differences in antiviral activity between available
therapeutic IFNs against vesicular stomatitis virus
(VSV).11 In these assays, HeLa (human epithelioid
cervical carcinoma) and ME-180 (human cervical
carcinoma) cells were incubated with IFN for 24
hours and then exposed to VSV. One unit of IFN
was defined as the amount of IFN that inhibited
the cytopathic effects of VSV by 50%. Notably,
CIFN has approximately 10-fold greater antiviral
activity (units per mg of protein) against VSV in
HeLa cells, and approximately 100-fold greater
activity against VSV in ME-180 cells compared
with IFN α-2a and IFN α-2b. The activity of CIFN
against VSV in HeLa cells was 625-fold greater
than that of PEG-IFN α-2a and 31-fold greater
than that of PEG-IFN α-2b. Of note, the pegylated
interferons display reduced antiviral activity in
vitro compared to their standard counterparts
because the pegylation process alters the
pharmacokinetic profile of the drug (they are
cleared from the body more slowly) in exchange
for a reduction in antiviral activity.

The relative antiproliferative effects of CIFN, IFN
α-2a, and IFN α-2b appear to parallel the
antiviral activity. These antiproliferative effects

were investigated in a human Burkitt’s lymphoma
cell line (Daudi cells). At equimolar
concentrations, CIFN exhibited greater
antiproliferative activity (inhibition of Daudi cell
growth) compared with IFN α-2a and IFN α-2b at
72 and 96 hours after exposure. This difference is
particularly pronounced at lower concentrations
(in the range of maximum serum concentrations
seen in human subjects).10,11

During the course of IFN therapy, IFN-mediated
NK cell activation has been postulated to play a
central role in the removal of HCV-infected cells
during the second phase of viral decline. The
ability of α-IFN subtypes to induce NK cell activity
is also variable. When IFN-stimulated (CIFN, IFN
α-2a, or IFN α-2b) NK cells are exposed to
relatively NK sensitive chronic myelogenous
leukemia cells (K-562), CIFN more effectively
induces cytotoxic activity than either IFN α-2a or
IFN α-2b (P < 0.05 in 6, 12, and 25 effector cell-
to-target ratio, and P < 0.01 in 100 effector cell-
to-target cell ratio). CIFN also has a significantly
greater ability to induce NK activity against a
relatively NK resistant target cell line (Eskol, hairy
cell leukemia) than either IFN α-2a or IFN α-2b 
(P < 0.05).11

Although the basis of the apparent enhanced
efficiency seen with CIFN has
not been completely
elucidated, current theory
holds that increased
receptor binding affinity
and possibly the induction
of ISGs may account for
these observed effects.
Cell surface binding
studies have demonstrated
that CIFN had
significantly greater
receptor binding affinity
compared with IFN α-2b
and an approximately 
10-fold greater biologic
potency.13 Moreover, at any given level of
biological activity, reduced molar concentrations
of CIFN were needed to occupy similar receptor
site numbers as IFN α-2a or IFN α-2b, indicating
that differences in cell surface binding may have
been sufficient to produce differences in biological
activity.13 In addition, CIFN, when compared to
IFN α-2b, was associated with an approximately
2-fold increase in PKR gene expression and a 5-
to 6-fold increase in ISG56 expression (these and
other ISGs were involved in controlling HCV
replication).14

What do these interferon differences mean for the
treatment of patients with HCV infection? Theory
holds that part of the reason that nearly 50% of

patients with HCV infection fail treatment with
PEG-IFN plus ribavirin involves IFN α resistance.
In other words, host cell antiviral response directs
selective pressure for viral sequence evolution,
potentially leading to resistance.15 Specifically,
targeted suppression of ISGs, such as ISG56 via
mutations in NS5A and other viral proteins, may
contribute to viral persistence and resistance to
exogenous IFN α as well as host response
evasion.16 

The ability of treatments to be effective against
resistant viral strains is critical when considering
management options in HCV patients who have
failed previous attempts at therapy. Emerging
evidence suggests that the relative antiviral
properties of CIFN and PEG-IFN α-2b in IFN α-2
resistant replicon variants differ significantly (see
Figure 2).14,15 In IFN α-2 sensitive variants, CIFN
and PEG-IFN α-2b produced similar reductions in
HCV levels across a wide range of IFN
concentrations. However, in IFN α-2 resistant
variants, CIFN was associated with greater
antiviral activity. At approximate maximum serum
concentrations of each agent (80 pg/mL for CIFN
and 130 pg/mL for PEG-IFN α-2b), CIFN
produced an approximately 90% decrease in HCV
levels, while PEG-IFN α-2b only produced about a
20% reduction in viral levels.14

Thus, the antiviral properties of all type 1 IFNs are
not equal, and on a molecular level, virologic
response and biologic potency may be influenced
by selective pressures leading to direct viral
resistance to IFN. These HCV genetic adaptations
and resistance mechanisms pose problems in the
management of HCV infection with IFN-based
therapies. When HCV infected patients are
exposed to a course of IFN α and develop
resistance to treatment, evidenced clinically as
treatment failure, retreatment with the same or
similar IFN α generally has very little success.
Consequently, to provide patients with improved
chances of achieving a sustained virologic
response, IFN potency must be considered in the
approach to HCV therapy.
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Figure 2. Interferon Suppression of HCV
RNA Replication Differs With Biological Activity14,15
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