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Abstract
Interferon (IFN)-α, a type-I IFN, is widely used to treat chronic hepatitis C virus (HCV) infection,
but the broad expression of IFN-α receptors often leads to adverse reactions in many organs. Here,
we examine IFN-λ, a type-III IFN, as a therapeutic alternative to IFN-α. Like IFN-α, IFN-λ also
induces antiviral activity in hepatocytes, but may induce fewer adverse reactions because its
receptor is largely restricted to cells of epithelial origin. We also discuss the recent discovery of
single nucleotide polymorphisms (SNPs) near the human IFN-λ3 gene, IL28B, that correlate
strongly with the ability to achieve a sustained virologic response (SVR) to therapy with pegylated
IFN-α plus ribavirin in patients with chronic hepatitis C.

The interferon subtypes
Interferons (IFNs) are characterized in large by their ability to induce antiviral activity in
receptor-bearing target cells. IFNs are divided into type-I, type-II and type-III subtypes,
based in part on the differential use of unique receptors through which they mediate signal
transduction. The human genome contains thirteen distinct but highly related IFN-α genes
and single genes that encode IFN-p, -β, -ε, -κ and -ω. Together these comprise the type-I
IFNs, which signal through IFN-alpha receptor (IFNAR) complexes composed of the
IFNAR1 and IFNAR2 polypeptide chains [1]. The essential role of the type-I IFNs in the
induction of antiviral activity was demonstrated using type-I IFN receptor knockout mice
[2,3]. These animals are highly susceptible to infection by many types of viruses. IFN-γ,
which signals through the IFN-γ receptor (IFNGR) complex, is the only type-II IFN.
Because it is not commonly used as a treatment for HCV infection, it will not be a focus of
this review.

The type-III subset of the IFN family was co-discovered by two independent research
groups in 2003 [4,5]. It includes three members: IFN-λ1, -λ2 and -λ3 [4], also known as
IL-29, IL-28A and IL-28B, respectively [5]. Here, when referring to type-III IFNs, we use
the gene symbols IL29, IL28A and IL28B, as recommended by the Human Genome
Organization (HUGO) Gene Nomenclature Committee, but the IFN-λ, designations when
referring to the corresponding proteins to emphasize their antiviral functions. The type-III
IFNs signal through a distinct heterodimeric receptor complex composed of the ligand-
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binding chain, IFN-λR1 (also known as IL-28R), and the accessory chain, IL-10R2 [4,5,6].
Like type-I IFNs (IFN-α/β), the type-III IFNs induce antiviral activity in cells that express
IFN-λ receptors [4,5].

The potent antiviral activity IFN-α has been exploited clinically, and there are several FDA-
approved IFN-α drug products that are widely used to treat chronic viral infections,
including hepatitis B virus (HBV) and hepatitis C virus (HCV) infections [7]. IFNARs are
broadly expressed on most cell types and tissues. As a consequence, IFN-α binds to many
cell types throughout the body, and elicits biological responses in many organs besides the
primary target tissue. For example, in addition to liver cells, hematopoietic cell types such as
neutrophils and lymphocytes express IFN-α receptors, and IFN-α therapy often induces
neutropenia and lymphopenia in many patients [7]. In contrast, expression of IFN-λ,
receptors is largely restricted to cells of epithelial origin such as keratinocytes, bronchial
epithelial cells and hepatocytes, suggesting that clinical administration of recombinant IFN-
λ will be less likely to induce the hematopoietic and neurologic adverse reactions associated
with IFN-α therapy. Recombinant human IFN-λ is now being tested clinically as a potential
novel therapeutic agent for the treatment of chronic HCV infection [8-10]. The results
derived from the initial Phase-1 clinical trials support the hypothesis that IFN-λ can induce
antiviral activity comparable to that induced by IFN-α but without many of the undesirable
side effects that are typically associated with IFN-α therapy [9].

Several recent articles have reviewed the biology of the IFN-λ genes, their corresponding
proteins and the signal transduction pathway by which they induce their biological functions
[6,11]. In contrast, this review will focus primarily on the preclinical studies that provided
the rationale for the current clinical trials that are now evaluating the use of recombinant
human IFN-λ as a novel therapeutic agent for treating chronic HCV infection. We also
review the very interesting genetic associations between specific single nucleotide
polymorphisms (SNPs) in the IL28B (IFN-λ3) gene region and differential responsiveness to
treatment with recombinant human IFN-α in patients with chronic HCV infection.

Organization and transcriptional regulation of the IFN-λ genes
IFNs are part of a larger family of structurally related class-2 proteins that also includes six
IL-10-related cytokines: IL-10, IL-19, IL-20, IL-22, IL-24 and IL-26 [12,13]. This subset of
cytokines can be grouped in the same family because they all signal via receptors that share
certain common motifs in their extracellular domains [12-14]. These receptors comprise the
class 2 cytokine receptor family. The IFN-λ proteins share common structural features with
the IL-10-related cytokines, particularly IL-22 [15,16]; however, unlike IFN-λ, IL-22 does
not induce antiviral activity in IL-22 receptor-positive target cells. This supports the
functional classification of the IFN-λ proteins as a unique group of IFNs instead of as a
novel group of interleukins. Phylogenetically, IL28A, IL28B and IL29 reside somewhere
between the type-I IFN and IL-10 gene families [17]. Amino acid sequence comparisons
have shown that the type-III IFNs share only weak sequence similarity (∼5-18% identity)
with either type-I IFNs or the IL-10-related cytokines.

As shown in Figure 1, IL28A, IL28B and IL29 are clustered together on chromosome 19
(19q13.13 region). The coding region for each of these genes is divided into five exons. The
exon-intron structure of the IFN-λ, genes is similar to the organization of the genes encoding
the IL-10-related cytokines [6,17]. Although the intron lengths vary significantly, the exon
sizes and positions and frames of the exon/intron junctions are highly conserved within the
genes for the type-III IFNs and the IL-10-related cytokines (IL19, IL20, IL22, IL24 and
IL26). In contrast, the type-I IFN genes (e.g., IFNA1, IFNB1, IFNE, IFNK) do not contain
introns.
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The high degree of sequence similarity between the IFN-λ, genes suggests that these genes
evolved from a common predecessor relatively recently. It appears that, after the divergence
of the IL29 and IL28A genes, a more recent duplication event occurred in which a fragment
containing the IL29 and IL28A genes was copied and integrated back into the genome in the
“head-to-head” orientation with the IL29-IL28A segment. Modest divergence within this
region generated IL28B, which is almost identical to IL28A not only in the coding region but
also in the upstream and downstream flanking sequences [4,5,17]. The sequence of IL29 is
less similar to IL28A and IL28B than these genes are to each other. In addition, the segment
that contained the duplicated IL29 was mutated significantly, which resulted in formation of
a non-functional pseudogene, referred to as IFN-λ4ψ (or IFNL4) [6,17].

Not surprisingly, the promoters for the IL28A and IL28B genes are very similar, and share
several transcriptional regulatory elements in common with the IL29 promoter, suggesting
that all three genes are co-regulated in a similar manner [18-20]. As depicted in Figure 2,
binding sites for several key transcription factors, including NF-κB and various IRF
proteins, are present in the promoters of both the IFN-β gene (IFNB) and the IFN-λ genes
[18-20]. The IFNB promoter contains several IRF-binding elements (IBE) (also known as
“virus response elements” (VRE) or “positive regulatory domains” (PRD)) that provide
binding sites for phosphorylated IRF3 and/or IRF7 [21,22]. Similar binding sites are also
present in the promoters of the IFN-λ genes [18-20]. Therefore, it appears that the same set
of transcription factors that regulate IFNB transcription also control expression of the IFN-λ,
genes. Furthermore, expression of the type-III IFN genes is inducible by many of the same
stimuli that activate expression of the type-I IFN genes [23,24].

Consistent with their antiviral activity, the IFN-λs are usually co-expressed together with
type-I IFNs by virus-infected cells [4,5]. Virtually any cell type can express IFN-λ following
viral infection. The original IFN-λ, reports showed that four distinct viruses (Sindbis virus,
Dengue virus, vesicular stomatitis virus and encephalomyocarditis virus) induce co-
expression of IFN-λ1, -λ2 and -λ3 together with IFN-α and -β in various human cell types,
including HeLa (cervical epithelial carcinoma), HT-29 (colorectal carcinoma), Huh7
(hepatoma) and primary human PBMCs [4,5]. It has also been shown that infection of
human epithelial cells by respiratory syncytial virus (RSV) induces co-expression of type-I
and type-III IFNs [25]. Other viruses, such as influenza virus and Sendai virus also induce
expression of IFN-λ in human monocyte-derived dendritic cells (mDC) [23,24,26].
Furthermore, recent reports have shown that HCV infection also induces expression of IFN-
λ, [27,28].

IFN-α amplifies induction of IFN-λ expression by influenza or Sendai virus [26,29]. This
amplification of IFN-λ production by IFN-α is due, at least in part, to the ability of IFN-α to
up-regulate TLR and IRF7 gene expression [29,30]. Viral infection or treatment with certain
synthetic TLR agonists induces differential expression of the IFN-α, -β, and -λ genes in
plasmacytoid dendritic cells (pDC) and myeloid DCs [23,30,31]. pDCs, in particular, can
produce large amounts of IFN-α and -λ in response to viral infection. Influenza virus
infection of pDCs or mDCs induces co-expression of all of the IFN-α subtypes as well as
IFN-β and IFN-λ [23]. TLR agonists such as CpG DNA, which signals via TLR9, also
induces co-expression of IFN-α, -β, and -λ in pDCs. In contrast, other TLR agonists such as
lipopolysaccharide and poly(I:C), which signal via TLR4 and TLR3 respectively,
preferentially induce co-expression of IFN-β and IFN-λ, but do not induce expression of
IFN-α in monocyte-derived DCs [23]. Therefore, infection by live viruses induces co-
expression of IFN-α, -β, and -λ, whereas other microbial agents or their structural
components such as bacterial DNA, endotoxin and double-stranded RNA induce a more
selective expression of the IFN subtypes.
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Biological functions induced by IFN-λ
As mentioned above, the IFN-λ proteins bind and signal through a heterodimeric receptor
complex composed of the IFN-λR1 and IL-10R2 chains [4,5]. As shown in Figure 3, IFN-λ
binds initially to the IFN-λR1 chain, and the binary complex formed by the association of
IFN-λ with the IFN-λR1 chain causes a rapid conformational change that facilitates
recruitment of the IL-10R2 chain to the complex [15,16]. Once assembly of the ternary
complex is complete, the receptor-associated Janus tyrosine kinases, Jak1 and Tyk2,
mediate trans-phosphorylation of the receptor chains resulting in the formation of
phosphotyrosine-containing peptide motifs on the intracellular domain (ICD) of the IFN-
λR1 chain [32]. These phosphorylated peptide motifs provide transient docking sites for the
latent cytosolic STAT proteins, STAT1 and STAT2. Signaling through type I (IFN-α/β) or
type-III (IFN-λ) IFN receptor complexes results in the formation of a transcription factor
complex known as IFN-stimulated gene factor 3 (ISGF3). This complex consists of three
proteins: STAT1, STAT2 and IRF-9 (also known as ISGF3γ or p48). After it is fully
assembled, ISGF3 translocates to the nucleus where it binds to interferon-stimulated
response elements (ISREs) in the promoters of various IFN-stimulated genes (ISGs). These
include a number of genes that are classically associated with the antiviral phenotype,
including OAS1, MX1, IRF7, and EIF2AK2 (double-stranded RNA-activated protein kinase
(PKR)). Recent comparative cDNA microarray analyses by several groups have shown that
the repertoire of genes that are induced by IFN-λ is essentially the same as that induced by
IFN-α [33,34]. The proteins encoded by these genes mediate the antiviral activity induced
by the IFNs. As a result, the downstream biological activities induced by either IFN-α or
IFN-λ, are very similar, including induction of anti-viral and anti-proliferative activity in
many cell types.

IFN-λ-induced antiviral activity has been demonstrated against many different viruses,
including encephalomyocarditis virus (EMCV), vesicular stomatitis virus (VSV) and
influenza virus [23,24]. IFN-λ has also been shown to inhibit replication of hepatitis B virus
(HBV) in a differentiated murine hepatocyte cell line [35] and to inhibit replication of both
subgenomic and full-length HCV replicons in the human hepatoma cell line, Huh7 [33-35].
Although the pattern of gene expression induced by either type-I IFN (IFN-α) or type-III
IFN (IFN-λ) is very similar, the magnitude of the response to IFN-α is often greater than that
induced by IFN-λ in many cell types. This may reflect a difference in the relative strength of
signaling through type-I IFN receptors versus type-III IFN receptors. Alternatively, this may
reflect a significant difference in the relative levels of expression of these receptors on the
cell membrane.

Recent studies have shown that the IFN-α and IFN-λ ligand-receptor systems can be
activated independently in response to certain viruses [36,37]. Furthermore, inhibition of
signaling through type-I IFN receptors with neutralizing anti-IFNAR antibodies does not
block signaling through type-III IFN (IFN-λ) receptors. Similarly, inhibition of signaling
through type-III IFN receptors using neutralizing anti-IL-10R2 antibodies does not block
signaling through type-I IFN (IFN-α) receptors. The evolution and conservation of these two
independent, antiviral, ligand-receptor systems underscores the critical importance of IFNs
in host defense against pathogenic viruses.

Clinical development of IFN-λ as a therapeutic agent for chronic HCV
infection

Clinical use of IFN-α as a treatment for chronic HCV infection began in 1986, before the
causative virus was identified [38,39], with a small clinical trial in patients with “non-A,
non-B hepatitis” [40]. The original IFN-α-based drugs (recombinant human IFN-α2a
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(Roferon) and IFN-α2b (Intron A)) were not pegylated, and therefore needed to be
administered frequently (every other day) to induce significant biological responses in vivo.
These early clinical studies showed that recombinant human IFN-α can be highly effective
as a treatment for at least a subset of patients with this disease. They also revealed, however,
that administration of recombinant IFN-α frequently induces adverse reactions/side effects
unrelated to the desired antiviral activity.

The use of recombinant human (rHu) IFN-α as a mono-therapeutic agent to treat chronic
HCV infection was approved by the FDA in 1992. A few years later, it was reported that co-
treatment with rHu IFN-α plus the anti-viral nucleoside analogue, ribavirin, significantly
increased the rate of sustained virologic response (SVR) in patients with chronic HCV
infection [41]. As a result, ribavirin received FDA approval in 1998 for use in combination
with IFN-α as a treatment for chronic hepatitis C. Co-treatment with rHu IFN-α plus
ribavirin resulted in SVR in a significant proportion (∼40%) of patients, however there were
still a significant percentage of patients who did not achieve SVR.

The next significant advance occurred when the pegylated versions of IFN-α were
developed [42]. The addition of a polyethylene glycol (PEG) moiety to rHu IFN-α generates
a more long-lived form of the protein. This modification of the wild-type form of IFN-α
allowed for less frequent dosing of the drug: once per week versus three times per week.
More importantly, it resulted in higher rates of SVR (45-55%) compared to the rates
achieved by treatment with non-pegylated IFN-α [43].

Preclinical studies by several groups showed that recombinant human IFN-λ, inhibits
replication of both partial and full-length HCV replicons in human hepatoma cultures
[33-35]. IFN-λ receptors are notably absent from most hematopoietic cells [33,44], and pre-
clinical toxicology studies conducted by ZymoGenetics, Inc. (Seattle, WA) showed that,
unlike pegylated IFN-α, pegylated IFN-λ does not induce dose-dependent inhibition of
granulocyte-macrophage (GM) colony formation in a bone marrow stem cell colony
formation assay [8]. These findings indicate that pegylated IFN-λ, is not likely to induce the
hematopoietic toxicities such as neutropenia that are commonly induced by IFN-α therapy in
patients with chronic HCV infection.

Comparative analysis of recombinant human IFN-λ versus IFN-α in cynomolgus monkeys
showed that pegylated IFN-λ does not induce expression of interferon-stimulated genes
(e.g., protein kinase R (PKR), MX1 or oligoadenylate synthase (OAS)) in peripheral blood
leukocytes [8]. In contrast, IFN-α induced expression of all three of these ISGs in monkey
leukocytes, consistent with the presence of IFN-α receptors but not IFN-λ receptors on
leukocytes. Pharmacokinetic data derived from preclinical modeling in monkeys were used
to determine optimal starting doses for the initial Phase I clinical studies in humans.

Pegylated recombinant human IFN-λ (PEG-IFN-λ) has now been evaluated in two Phase 1
clinical trials [9,10]. The initial Phase 1A study was a randomized, blinded, placebo-
controlled dose escalation study that evaluated single doses of PEG-IFN-λ administered by
subcutaneous injection to healthy volunteers [10]. This study was designed to evaluate the
safety, tolerability, pharmacokinetic and pharmacodynamic activity of a single dose of PEG-
IFN-λ. A total of 20 subjects were enrolled in this study. Seventeen subjects received active
drug, and three received placebo. The doses tested were: 0.5, 1.5, 5.0 and 7.5 μg/kg. PEG-
IFN-λ was well tolerated at all dose levels except the 7.5 μg/kg dose. A few study
participants developed reversible, dose-related increases in liver transaminases (ALT), and
these changes were determined to be the dose-limiting toxicity for this agent. The terminal
half-life range was estimated to be: 50 to 80 hours. Single subcutaneous doses of PEG-IFN-
λ did not induce fever, fatigue or any overt hematologic changes.
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A subsequent Phase 1B study was designed to evaluate the safety and tolerability of
repeated doses of PEG-IFN-λ administered either once per week or once every two weeks
for a total of four weeks in patients with chronic HCV infection. In this study, PEG-IFN-λ
was either administered as a single agent (monotherapy) or in combination with ribavirin
[9]. All of the subjects in this study were infected with HCV genotype 1, and many had
relapsed following a standard course of treatment with pegylated IFN-α plus ribavirin. Even
though the duration of study drug administration was only four weeks, it was obvious that
pegylated recombinant human IFN-λ, induced significant decreases in the levels of HCV. At
four weeks, six out of six patients who were treated with PEG-IFN-λ at the 1.5 μg/kg dose
level exhibited at least a 2-log decrease in HCV RNA levels, and some of the patients who
received PEG-IFN-λ in combination with ribavirin exhibited greater than a 4-log reduction
in HCV RNA levels. Results from the Phase 1B study as well as an interim analysis of the
clinical data from an ongoing Phase 2 study showed that PEG-IFN-λ was well tolerated, and
did not induce any significant hematologic toxicities such as neutropenia, thrombocytopenia
or anemia [45]. The results from these initial clinical trials of PEG-IFN-λ suggest that a
longer course of treatment with this drug might be highly effective in patients with chronic
hepatitis C.

IL28B genetic variation
Association of IL28B single nucleotide polymorphisms (SNPs) with response to HCV
infection

In 2009, three independent genome-wide association studies (GWAS) identified SNPs in the
IL28B gene region as associated with response to co-treatment with pegylated IFN-α plus
ribavirin among patients with chronic HCV infection [46-48]. Two groups identified
rs8099917 (located ∼8 kb upstream of IL28B) as the variant most strongly associated with
SVR [47,48]; another group [46] found the strongest association with rs12979860, which is
located ∼3 kb upstream of IL28B. SNPs rs12979860 and rs8099917 are in strong linkage
disequilibrium (i.e., highly correlated) in Asian and European populations, but not in those
of African ancestry [46,48]. The rs12979860-T allele, which was associated with treatment
failure, was much more common in those of African compared to European ancestry [46].
This finding appears to explain, at least in part, previous observations that African American
patients with chronic hepatitis C are less responsive to treatment with pegylated IFN-α plus
ribavirin than otherwise similar patients of European ancestry [49]. One of the GWAS
studies identifying rs8099917 [48] was set among Japanese patients, and showed a very
strong association with treatment response. Together, these reports provide strong evidence
for an association between IL28B genotype and response to therapy with pegylated IFN-α
plus ribavirin in patients of African, European and Asian ancestry. Subsequent reports
confirmed these findings, and showed that IL28B genotype was associated with spontaneous
HCV clearance as well [50,51].

Functional impact of the IL28B polymorphisms
The identity of the functional variant(s) underlying this association is unknown. Ge et al.
[46] identified two polymorphisms (SNPs rs28416813 and rs8103142) in high linkage
disequilibrium with rs12979860 as potential functional variants. As shown in Figure 1,
rs28416813 is located 37 bp upstream of the transcription start site for IL28B, and, therefore,
might potentially regulate gene transcription. SNP rs8103142 is located in the coding region
of exon 2 of IL28B, and results in a single amino acid change from lysine to arginine at
position 70 (K70R) [46]. However, there were no differences in the relative potencies of
IFN-λ3-Arg70 versus IFN-λ3-Lys70 when these variants were evaluated in two different
bioassays [52].
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Regarding a functional mechanism for the IL28B SNPs, some studies found that alleles
associated with treatment failure are also associated with lower expression of IL28A and/or
IL28B [47,48] but other studies have not confirmed these findings [46,52,53]. More clearly,
there is a link between IL28B genotype and regulation of ISGs that are induced via the Jak-
STAT signaling pathway. Prior to the initial reports regarding the IL28B SNP genotypes,
several groups had shown that up-regulation of ISGs in the liver of patients with chronic
hepatitis C is associated with impaired response to treatment with IFN-α plus ribavirin
[54,55]. Recently, several groups have shown that the adverse IL28B variants are also
associated with higher constitutive expression of ISGs in HCV-infected livers [52,53,56].
These findings appear to provide a partial functional explanation for the association between
IL28B genotype and the variable response to IFN-α/ribavirin therapy in patients with chronic
HCV infection.

Potential clinical use of the IL28B SNP genotypes
The Human Genome Project promised to introduce an era of ‘personalized medicine’ in
which genetic testing would improve medical practice by predicting the likelihood of
response to drugs [57]. That promise may be fulfilled for the treatment of chronic hepatitis
C. There is now a commercially available laboratory test for IL28B rs12979860 genotype
(see Test No. 480630 at www.labcorp.com); however, the optimal use for this test remains
to be determined. Clinical decision making for treatment of HCV-infected patients requires a
prediction of the likelihood of achieving SVR that considers not only IL28B genotype, but
also other factors that influence treatment response such as racial ancestry, viral genotype,
pre-treatment HCV RNA levels and fibrosis stage among others. A prototype model was
developed for prediction of SVR among the subjects enrolled in the HALT-C Trial of
patients with advanced fibrosis or cirrhosis who had failed prior treatment with IFN-α [58].
This model, which is based on IL28B genotype and four clinical variables, appears to have
much better discrimination and predictive ability than can be obtained by using IL28B
genotype alone. Efforts are underway to extend this approach to a wider range of patients
with chronic hepatitis C in hopes that it can be used clinically.

SVR prediction models may become more important with the advent of direct-acting
antiviral (DAA) agents such as Telaprevir and Boceprevir that specifically target viral
enzymes that are critical for HCV replication. Data from several clinical trials suggest that
adding a protease inhibitor to the standard pegylated-IFN-α plus ribavirin regimen increases
the overall SVR rate among treatment-naïve HCV genotype 1-infected patients from
approximately 50% to 65-75% [59-61]. While these new treatment regimens promise to
increase the likelihood of SVR, they also carry an increased risk of resistance if treatment
fails. Patients who fail to achieve SVR on a treatment regimen that includes a protease
inhibitor such as Boceprevir or Telaprevir might harbor resistant viruses that could limit
future use of such agents in these patients. Initial studies suggest that IL28B genotype may
also be predictive of response to treatment with viral protease inhibitors [62]; therefore,
prediction models based on IL28B genotype may prove useful for predicting the likelihood
of achieving SVR in response to treatment with a combination peginterferon/ribavirin/
protease inhibitor regimen. Incorporation of IL28B genotyping into treatment decision-
making may increase the number of patients for whom treatment is successful while
minimizing those in whom it could be deleterious [63].

IL28B genetic variation and therapeutic use of IFN-λ
It is plausible that therapeutic use of recombinant IFN-λ, might overcome the effects of the
unfavorable IL28B genetic variants. Recently, initial results were reported for a Phase 2A
clinical study that compared different doses of pegylated IFN-λ to pegylated IFN-α (all
given in combination with ribavirin) for treatment of chronic hepatitis C through 12 weeks
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[64]. Among 19 subjects who received PEG-IFN-λ1 at doses ranging from 120-240 μg, the
percentage with undetectable virus at 12 weeks post initiation was significantly higher in
patients with the most favorable rs12979860 genotype-CC (86%) than in those with
genotype CT or TT (50%). Although based on a very small number of patients and a limited
treatment period (12 weeks), these results suggest that the antiviral response of patients to
treatment with pegylated IFN-λ plus ribavirin will differ according to IL28B genotype.

Concluding remarks
The current standard of care for treatment of chronic HCV infection is a combination of
pegylated IFN-α2a or -α2b plus ribavirin for up to 48 weeks that frequently results in severe
adverse reactions. IFN-λ resembles IFN-α functionally in terms of its anti-viral activity, but
because IFN-λ, signals via a unique receptor complex, it may elicit fewer side effects and
less hematopoietic toxicity than IFN-α. Indeed, the results from early clinical trials of
recombinant pegylated-IFN-λ1 in patients with chronic HCV infection support the
prediction that IFN-λ will be less toxic than IFN-α as a therapeutic agent. It will be
interesting to see if results from the larger Phase 2 and 3 trials confirm the initial clinical
findings regarding this novel IFN.
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Figure 1.
Genomic organization of the IFN-λ genes (IL28B, IL28A and IL29) and locations of key
single nucleotide polymorphisms (SNPs). These genes are located on chromosome 19 in the
region between q13.12 and q13.13. IL28A and IL28B lie adjacent to each other, but are
transcribed in opposite directions. Several of the SNPs identified in the original GWAS
studies, including rs12979860 and rs8099917, are located in the intergenic region between
IL28A and IL28B [54-56]. Other SNPs such as rs8103142 and rs28416813 are located within
the IL28B gene itself. SNP rs 8103142 is located in the coding region of exon 2 and results
in a single amino acid change from lysine to arginine at position 70 (K70R); however, this
mutation does not appear to induce any significant changes in the potency or bioactivity of
the corresponding protein.
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Figure 2.
Viral infection induces co-expression of type-I (IFN-α/β) and type-III (IFN-λ) IFNs.
Viruses, including HCV, induce co-expression of type-I and type-III IFNs by triggering
activation of the Toll-like receptor-3 (TLR3) and/or RIG-I-like receptor (RLR) signaling
pathways. This in turn results in the activation of several key transcription factors, including
IRF3, IRF7 and NF-κB. IRF3 and IRF7 are activated by serine phosphorylation, and form
homodimers or heterodimers which then translocate to the nucleus where they bind to
specific DNA sequences known as “IRF-binding elements” (IBE) in the promoters of a
number of genes, including the IFN-α, -β and -λ genes. Viral infection also induces
simultaneous activation and nuclear translocation of NF-κB. The coordinated binding of NF-
κB to κB elements together with the binding of IRF3 and/or IRF7 to cognate IBEs catalyzes
transcription of the IFN-α, IFN-β and IFN-λ, (IL28A, IL28B and IL29) genes.
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Figure 3.
IFN-α (type-I IFN) and IFN-λ (type-III IFN) signal through distinct receptor complexes, but
activate the same intracellular signaling pathway. IFN-α binds to a cell surface receptor
complex composed two trans-membrane proteins: IFNAR1 and IFNAR2. IFN-λ binds to a
distinct receptor complex composed of the IFN-λR1 (IL-28RA) and IL-10R2 chains. The
binding of IFN-α or IFN-λ to their cognate receptors induces a common signaling cascade
that results in the activation of STAT1 and STAT2 which together with IRF-9 (p48) form
ISGF3 transcription factor complexes. The newly formed ISGF3 complexes then translocate
from the cytosol to the nucleus where they bind to IFN-stimulated response elements (ISRE)
in the promoters of IFN-stimulated genes (ISGs) such as MX1, OAS1 and IRF7. The proteins
encoded by these genes in turn mediate the antiviral activity of the type-I and type-III IFNs.
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