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Interferons lambda, new cytokines with antiviral activity
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Summary. – Interferons (IFNs) are key cytokines in the establishment of a multifaceted antiviral response. 
Three distinct types of IFNs are now recognized (type I, type II, and type III) based on their receptor usage, 
structural features and biological activities. Although all IFNs are important mediators of antiviral protection, 
their roles in antiviral defence vary. Interferon lambda (IFN-λ) is a recently discovered group of small helical 
cytokines capable of inducing an antiviral response both in vitro as well as in vivo. They were discovered in-
dependently in 2003 by the groups of Sheppard and Kotenko. This family consists of three structurally related 
IFN-λ subtypes called IFN-λ1 (IL-29), IFN-λ2 (IL-28A), and IFN-λ3 (IL-28B). In this study we investigate the 
antiviral activities of IFN-λ1, λ2, and λ3 on some medically important viruses, influenza viruses, herpes viruses 
and lymphocytic choriomeningitis virus.
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1. Cytokines of class II

1.1 Type I IFN

Type I IFN, which was discovered by Isaacs and Lin-
demann (1957), is a large family of cytokines (Peng et al., 
2008). Type I IFNs are classified as α, β, ω, κ, ε, τ, ζ, δ, and 
ν subtypes (Uzé and monneron, 2007). They represent the 
first line of defence against many types of viral infections. 
Virus-infected cells synthesize and secrete type I IFNs, which 
act in both autocrine and paracrine fashions to induce an 
antiviral state in host cells. (Peng et al., 2008). 

The type I IFNs exert their biological activities through 
a heterodimeric receptor complex composed of the IFNAR1 
and IFNAR2 chains (Donnelly and Kotenko, 2010) and 
expressed on a wide variety of cell types (Perry et al., 2005). 
The type I IFNs activate a common signalling pathway 
leading to the activation of a set of genes controlled by the 
interferon stimulated gene factor (ISGF) (Uzé and mon-
neron, 2007). The gene products are involved in apoptosis, 
anti-growth, and innate and adaptive immune cell activation. 
Some of the most well-studied antiviral genes induced by 
type I IFNs include adenosine deaminase acting on RNA, 
2΄,5΄-oligoadenylate synthetase, RNase L and mx proteins. 
Adenosine deaminase acting on RNA leads to inhibition of 
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translation initiation and RNA editing. 2΄,5΄-oligoadenylate 
synthetase is a dsRNA-dependent synthetase that activates 
the endoribonuclease RNase L to degrade ssRNA. mx pro-
teins are dynamic superfamily GTPases that act by binding 
target viral proteins to inhibit virus replication (Perry et 
al., 2005).

Type I IFN is primarily used against hepatitis C virus. 
However, hepatitis C virus resistance to IFN is prominent, 
likely due to mutations in the NS5A protein which inhibit 
Jak-STAT signalling pathway (Perry et al., 2005).

Type I IFNs are recognized also for their antitumour 
activity. IFN-α is used in the treatment of various cancers, 
including hairy cell and myelogenous leukaemias, multiple 
myeloma, non Hodgkin΄s lymphoma, renal cell carcinoma, 
Kaposi΄s sarcoma and metastatic melanoma (Donnelly and 
Kotenko, 2010).

1.2 Type II IFN

Type II IFN group consists only of IFN-γ (Pitha, 2007), 
which is mainly secreted by T lymphocytes, natural killer 
cells (Peng et al., 2008) and antigen presenting cells (APCs) 
such as monocytes, macrophages and dendritic cells. IFN-γ 
secretion by natural killer cells and professional antigen 
presenting cells is likely to be important in early host de-
fence against infection, whereas T lymphocytes become the 
major source of IFN-γ in the adaptive immune response. 
IFN-γ production is controlled by cytokines secreted by an-
tigen presenting cells, most notably interleukin (IL) 12 and 
18. macrophage recognition of many pathogens induces 
secretion of IL-12 and chemokines. These chemokines 
attract natural killer cells to the site of inflammation, and 
IL-12 promotes IFN-γ synthesis in these cells (Schroder 
et al., 2004). 

Although the tertiary structure of IFN-γ resembles that 
of IL-10, its primary structure has diverged the most from 
all of the class II cytokine receptor family ligands (Donnelly 
and Kotenko, 2010). Functional IFN-γ receptor (IFNGR) is 
comprised of two ligand-binding IFNGR1 chains associated 
with two signal-transducing IFNGR2 chains and associated 
signalling machinery (Schroder et al., 2004).

IFN-γ-induced antiviral mechanisms include induction 
antiviral enzymes, most notably protein kinase R (PKR), 
which is greatly induced by types I and II IFN stimulation. 
PKR is inactive in its constitutive form and requires an ac-
tivating signal for autophosphorylation. An intermediate in 
replication of RNA viruses, dsRNA, is the best characterized 
activator of PKR, although other agents such as heparin 
are able to activate PKR. Association of PKR with dsRNA 
cause a conformational change that unmasks the catalytic 
domain responsible for PKR autophosphorylation. PKR is 
then activated for dsRNA-independent phosphorylation of 
specific cellular substrates (Schroder et al., 2004).

IFN-γ can amplify the induction of antiviral activity by 
IFN-α or IFN-β. Type I and type II IFNs often work together 
to activate a variety of innate and adaptive immune responses 
(Donnelly and Kotenko, 2010).

IFN-γ treatment can reduce viral titers in infected neu-
ronal cells in vitro up to 100-fold compared with untreated 
cells demonstrating its potent antiviral activity. This effect 
is not restricted solely to Vesicular stomatitis virus but can 
be demonstrated in central nervous system infections with 
other viruses including Sindbis virus, polio virus, influenza 
virus and measles virus. In the case of other viruses such as 
human herpesvirus 1 (HHV-1), IFN-γ has been shown to 
limit transynaptic transmission, prevent viral reactivation 
and inhibit virally induced apoptosis (Chesler and Reiss, 
2002).

IFN-γ antiviral activity is not the primary biological func-
tion (Donnelly and Kotenko, 2010). IFNγ plays a major role 
in regulating tumour development, not only by promoting 
protective host responses to tumours but also in orchestrat-
ing responses in tumours that facilitate their escape from 
immune attack (Ikeda et al., 2002).

1.3 Type III IFN

Type III IFNs are structurally and genetically distinct 
from type I IFNs and act through a distinct receptor sys-
tem. However, they are identical in terms of mechanism of 
induction, signal transduction and biological activities (Uzé 
and monneron, 2007). Phylogenetically the type III IFNs 
genes reside somewhere between the type I IFN and IL-10 
gene families (Donnelly and Kotenko, 2010). At the amino 
acid level, type III IFNs are more closely related to type 
I IFNs than to IL-10 (Uzé and monneron, 2007). The type 
III IFNs have 15–19% amino acid sequence homology with 
the type I IFN families and 11–13% amino acid sequence 
homology with the IL-10 (Hamming et al., 2010). However, 
the intron-exon structure of their genes resembles that of 
IL-10 and IL-10 related cytokines. Type III IFNs represent 
the ancestral IFN that gave rise to intronless type I IFNs by 
a retroposition event and successive duplications (Uzé and 
monneron, 2007).

There are three IFN-λ genes clustered on human chro-
mosome 19. These genes have several exons, five for IFN-λ1  
(IL-29) and six for IFN-λ2 (IL-28A) and IFN-λ3 (IL-28B) 
(Uzé and monneron, 2007), which is transcribed in the op-
posite direction of the IFN-λ1 and IFN-λ2 genes (Donnelly 
and Kotenko, 2010). In addition to the three functional 
genes, the human genome contains an additional pseudog-
ene, IFN-λ4Ψ (Hamming et al., 2010).

Although the intron sizes vary significantly, the exon 
sizes, positions and frames of the intron/exon junctions are 
highly conserved within the genes for the type III IFNs and 
the IL-10 related cytokines (Donnelly and Kotenko, 2010). 
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In contrast, the type I IFNs have no introns (Hamming et 
al., 2010). The exons encode 20 kDa secreted monomeric 
proteins. Only IFN-λ1 contains a potential N-linked gly-
cosylation site (Uzé and monneron, 2007). At the amino 
acid level IFN-λ2 and IFN-λ3 are highly similar having 
96% sequence identity while IFN-λ1 shares approximately 
81% sequence identity with IFN-λ2 and IFN-λ3 (Hamming 
et al., 2010).

The high degree of homology between the IFN-λ genes 
suggests that these genes evolved from a common ances-
tor relatively recently. The promoters of the IFN-λ2 and 
IFN-λ3 genes are very similar and share several common 
elements with the IFN-λ1 promoter, suggesting that all 3 
genes are likely to be regulated in a similar manner. There 
are potential biding sites for a variety of transcription fac-
tors, including AP1 (dimeric transcription factor contain-
ing members of the Jun, Fos and activating transcription 
factor families) and nuclear factor-κB, as well as multiple 
virus response elements that provide the binding sites for 
various interferon regulatory factor (IRF) (Donnelly and 
Kotenko, 2010).

2. Structure of type III IFNs

Class II cytokines consist of six distinct structural ele-
ments (A–F) connected by loops of varying length (Fig. 1). 
In type III IFNs, α-helices A, C, D, and F form a four helical 
bundle which constitutes the core of the structure, α-helix 
E is relatively short and placed between element (loop) B 
and helix C, α-helix F distinguishes type I IFNs from the 
remaining members of the class II cytokines. In type I IFNs, 
this α-helix is straight whereas it contains a characteristic 
bend in the 3-D structure of IL-10, IL-19, IL-22, and IFN-γ. 
IFN-λ3 (Protein Data Bank entry code: 3HHC) forms mono-
meric structure with a bend in α-helix F. Type III IFNs and 
type I IFNs are roughly the same size and have the same 
composition as secondary structural elements (Hamming 
et al., 2010).

IFN-λ1 has three disulfide bonds with five cysteines in 
each bond whereas IFN-λ2 and IFN-λ3 have three disulfide 
bonds with seven cysteines in each bond. In IFN-λ3, one 
bond connects the N-terminal region to the end of helix D. 
This bond appears conserved in all class II cytokines except 
IFN-γ, IFN-β, and IFN-ε. Another bond connects the AB-
loop to the beginning of α-helix F, this bond is not present 
in the class II cytokines. The final bond forms a small loop 
at the C-terminal end of the protein. The first two bonds are 
present in IFN-λ whereas the last bond is unique to IFN-λ2 
and IFN-λ3 (Hamming et al., 2010).

α-helices A and F form the major site of interaction with 
IFN-λR1 and IL-10R2 chain binds to helices A and D at an area 
adjacent to the IFN-λR1 binding region (Gad et al., 2009).

3. Type III IFNs receptors

Type III IFNs act through a cell surface receptor com-
posed of two chains, the first one (IFN-λR1) (Uzé and 
monneron, 2007) also known as IL-28RA being IFN-λ 
specific and the second one, IL10R2 shared among IL-10, 
IL-22, and IL-26. The genes encoding the IFN-λ receptor 
subunits are located on human chromosome 1 (1p36.11 
region), in close proximity to the gene encoding the re-
ceptor of IL-22R1, and chromosome 21 (21q22.11 region) 
(Donnelly and Kotenko, 2010). Both type III IFNs receptor 
chains consist of an extracellular, a transmembrane and 
an intracellular part. The extracellular part has two type 
III fibronectin domains. Each of the type III fibronectine 
domains consist of around 100 amino acids that form 
two antiparallel β-sheets making a sandwich consisting 
of approximately seven strands. The two fibronectin 
domains are connected by a short linker of 5–10 amino 
acids allowing for flexibility between the two domains. 
The transmembrane part is a highly lipophilic stretch of 
about 20–25 amino acids predicted to form an α-helix 
(Hamming et al., 2010). 

IFN-λR1 gene encodes a receptor with an extracellular 
domain of about 200 amino acids, a single transmembrane 
domain and a cytoplasmic part of 223 amino acids. Because 
of the seven exons structure of the IFN-λR1 gene, as well as 
the predicted three-dimensional structure of its ectodomain 
and the position of conserved cysteine, IFN-λR1 is put into 
the class II cytokine receptor family including the chain 
building receptors for IL-10, IL-19, IL-20, IL-22, IL-24, IL-26 
type I IFNs, and IFN-γ. The first alternatively spliced variant 
of IFN-λR1 mRNA encodes a receptor carrying a deletion 
of 29 amino acids in its intracytoplasmatic domain (ICD), 
which is likely devoid of signalling ability. The second one 
encodes the ectodomain which is likely secreted and soluble 
(Uzé and monneron, 2007).

While the receptor for type I IFN is ubiquitously ex-
pressed, the IFN-λR1 component of the type III IFN recep-
tor is only present on a distinct subset of cells (Hamming et 
al., 2010). The mRNA encoding IFN-λR1 is undetectable in 
several cell types, mainly fibroblastic and endothelial cells 
which are therefore unresponsive to type III IFNs. IFN-λR1 
is also expressed in cell lines derived from various tumours, 
including liver, colorectal and pancreatic carcinomas, but not 
or at very low levels in the fibrosarcoma HT1080 and kidney 
carcinoma HEK-293 cell lines (Uzé and monneron, 2007).

The IFN-λR1 is assumed to provide the majority of bind-
ing energy but interaction with the IL-10R2 is required for 
proper signal transduction (Gad et al., 2009). Although 
type III IFNs do not use the IFN-α receptor complex for 
signalling, signalling through IFN-λ or IFN-α receptor 
complexes results in the activation of the same Jak-STAT 
signal transduction cascade (Donnelly and Kotenko, 2010). 
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Fig. 2

Binding of IFN-α to the type I interferon receptor (IFNAR1 and IFNAR2) and IFN-λ to the type III interferon receptor complex (IFN-λR1 and 
IL-10R2) activates the JAK1 and TYK2

These cross phosphorylate one another and activate the kinases leading to phosphorylation of STAT1 and STAT2 that form a heterodimer. The dimer 
binds IRF9 forming the ISGF3 complex that migrates to the nucleus where it binds to IFN-stimulated response elements and facilitates the transcription 
of interferon-stimulated genes (Donnely et al., 2011).

Fig. 1

The structure of human IFN-λ
Disulfide bonds are in yellow (Hamming et al., 2010).

Human blood immune cells also synthesize an IFN-λR1 
variant lacking the intracellular and transmembrane parts 
through alternative splicing. This receptor is also called 
soluble IFN-λR1 and acts as a decoy by binding type III 
IFNs and as a repressor of type III IFNs signalling in vitro 
(Witte et al., 2009).

4. Regulation of type III IFNs synthesis and Jak-STAT 
signal transduction cascade

Type III IFN gene regulation does not look too different 
from type I induction. Viral infection leads to activation of 
interferon regulatory factors (IRF) IRF3, IRF7, and nuclear 
factor-κB. IRF3 and IRF7 induce the production of IFN-λ1, 
activation of IRF7 induces the production of IFN-λ2 and 
IFN-λ3. Binding sites for nuclear factor-κB are also found 
in type III IFN promoters (Hamming et al., 2010).

Binding of IFN-λ1, IFN-λ2 or IFN-λ3 to the membrane-
associated type III IFN receptor complex leads to the activa-
tion of the Janus kinases, Jak1 and Tyk2 (Fig. 2) (Donnelly 
and Kotenko, 2010) The two kinases cross-phosphorylate 
and thus activate one another. This leads to the tyrosine 
phosphorylation of the three tyrosine residues IFN-λR1 
ICD: Tyr406 and Tyr343, Tyr517 which are important for 
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antiviral activity as they create a docking site for the Src 
Homology 2 domain of the transcription factor STAT2 
(Hamming et al., 2010). Activation (phosphorylation) of 
STAT1, STAT3 and STAT4 occurs independently of the 
tyrosine residues on the ICD of IFN-λR1 (Donnelly and 
Kotenko, 2010). 

The activated STATs are tyrosine-phosphorylated towards 
the C-terminal end of the STAT proteins which serve as 
docking sites for the Src Homology 2 domains of the STAT 
proteins allowing for formation of homo- and heterodimers 
(Hamming et al., 2010). The STAT homo- and heterodimers 
translocate to the nucleus where they bind to specific DNA 
elements such as IFN-γ activated sequence (GAS) elements 
in the promoters of IFN-responsive genes and modulate their 
transcription. Activated STAT1 and STAT2 molecules recruit 
IRF-9 to form a trimeric transcription factor complex known 
as ISGF3 (Interferon-stimulated gene factor) (Donnelly and 
Kotenko, 2010), which can also be activated by type I IFN. 
This complex appears to be the main driving force of type 
III IFN gene activation (Zhou et al., 2007) and regulates 
gene transcription by binding to IFN-stimulated response 
elements in the promoters of other interferon-stimulated 
genes. These include a number of genes that are classically as-
sociated with the antiviral phenotype, including OAS1, MX1, 
EIF2AK2, and IRF7. The repertoire of genes that are induced 
by type III IFNs is essentially the same as those which are 
induced by type I IFNs (Donnelly and Kotenko, 2010). 

5. Biological activities

All type III IFNs subtypes are produced upon infection 
of HeLa, HuH7 or HT29 cell lines by Sindbis virus, Dengue 
virus, Vesicular stomatitis virus or Encephalomyocarditis 
virus. Also, stimulation of Toll-like receptor 3 with double 
stranded RNA initiates type III IFNs production in periphe-
ral blood mononuclear cell (Kotenko et al., 2003, Shep-
pard et al., 2003). Several other viruses, including human 
herpesvirus 1 and 2 (HHV-1, HHV-2), influenza A virus 
(IAV), measles virus, BK virus, mumps virus and respira-
tory syncytial virus induce IFN-λ in lymphoid, myeloid or 
epithelial cell lines (Donnelly and Kotenko, 2010).

Type III IFNs are coexpressed together with type I IFNs 
by virus-infected cells, which is consistent with the existence 
of common upstream regulatory elements in the IFN-α and 
IFN-λ genes (Donnelly and Kotenko, 2010). Type I and type 
III interferons contribute the first line of antiviral defence 
in epithelial tissues, which often suffer high risk of viral 
infection (Hamming et al., 2010). Infection by live viruses 
induces coexpression of IFN-α, IFN-β, and IFN-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. IFN-α/β 

and IFN-λ ligand-receptor systems are activated independe-
ntly in response to viral infections. Inhibition of signalling 
through type I IFN receptors with neutralizing anti-IFNAR 
antibodies does not block signalling through type III IFN 
receptors (Donnelly and Kotenko, 2010).

In addition to its role in innate immunity, type III IFNs are 
also capable of modulating the adaptive immune response. 
During differentiation, dendritic cells (DCs) begin express-
ing the IFN-λR1 receptor and thus respond to IFN-λ. IFN-λ 
stimulated DCs are CD80 and CD40 low but have increased 
levels of major histocompatibility complex class I, II and the 
chemokine receptor CCR7 important for migration of DCs. 
These DCs migrate to lymph nodes and the spleen where they 
induce regulatory Foxp3+CD25+CD4+ T-cell proliferation 
in the spleen. These regulatory T-cells are known to be able 
to repress T-cell proliferation which is important for normal 
immunohomeostasis and negative regulation of the immune 
response (Hamming et al., 2010).

Type III IFNs inhibit hepatitis B virus replication in 
a differentiated murine hepatocyte cell line and replication 
of subgenomic and full-length hepatitis C virus replicons in 
the human hepatoma cell line, Huh7 (Robek et al., 2005). 
Influenza virus and Sendai virus have also been shown to 
induce expression of type III IFNs in human monocyte-
derived dendritic cells (Donnelly and Kotenko, 2010).

Type III IFNs are potent antiviral cytokines in vivo and 
target epithelial cells to induce antiviral activity (Hamming 
et al., 2010). Recent studies have shown that local admini-
stration of recombinant IFN-λ to mice potently inhibited 
replication of HHV-1, HHV-2, and IAV in the vagina and 
lungs (mordstein et al., 2008; Ank et al., 2006).

Type III IFNs also induce expression of double stranded 
RNA-activated protein kinase 2΄,5΄-oligoadenylate syn-
thetase, which is one of the classic biomarkers of the antiviral 
response. Type III IFNs can significantly up-regulate expres-
sion of the cytokine signalling inhibitory gene, suppressor of 
cytokine signaling SOCS3, suggesting a possible mechanism 
for feedback inhibition of IFN-λ signalling (Donnelly and 
Kotenko, 2010).

The antiproliferative and apoptotic effects of type III 
interferon have been shown in vitro (maher et al., 2008; Li 
et al., 2008). Although type I IFNs are able to induce anti-
proliferative responses in many cell types, the antiprolifera-
tive activity of type III IFNs is more limited (maher et al., 
2008). This activity depends on the relative levels of IFN-λR1 
expression because type III IFNs can effectively inhibit pro-
liferation cells engineered to express high levels of IFN-λR1 
by forced expression of an IFN-λR1 expression plasmid or 
a chimeric receptor that recapitulates IFN-λ signalling in 
cells (miller et al., 2009).

The side effect profile of type III IFNs over type I IFN 
was demonstrated in a phase I study of the effect of type III 
IFNs against hepatitis C virus. While some of the patients 
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treated with type I IFN developed neutropenia or anaemia, 
patients treated with type III IFNs remained symptom free 
(miller et al., 2009).

6. Interferons and arenaviruses

Arenaviruses represent a large family of viruses, which 
merit attention as powerful model systems for experimen-
tal virology and as important human pathogens. They are 
enveloped viruses with a bisegmented negative-strand RNA 
and a nonlytic life cycle restricted to the cell cytoplasm. Each 
genomic segment uses an ambisense coding strategy to direct 
the synthesis of two polypeptides from two opposite open 
reading frames separated by an intergenic region. The small 
(S) segment encodes a major viral protein nucleoprotein 
(NP) and a glycoprotein precursor, which is posttransla-
tionally cleaved into a peripheral glycoprotein 1 GP1 and 
a transmembrane glycoprotein 2 GP2. The large (L) segment 
encodes a viral RNA-dependent RNA polymerase (L) and 
a small regulatory RING domain-containing Z protein (Z) 
(Buchmeier et al., 2007; Welsh, 2008). The prototypic arena-
virus lymphocytic choriomeningitis virus (LCmV) has been 
used in many studies that uncovered fundamental concepts 
in molecular virology, viral pathogenesis, viral immunology, 
viral persistence, and virus-host interactions (Buchmeier et 
al., 2007; Oldstone, 2002; Zinkernagel, 2002).

Arenaviruses cause chronic infections of rodent species 
with worldwide distribution. Human infections, which occur 
via mucosal exposure to aerosols or by direct contact with 
infectious materials, can cause severe diseases, including 
hemorrhagic fever. The most significant pathogen among 
the arenaviruses is Lassa virus, which causes several hun-
dred thousand infections per year in Western Africa, with 
thousands of deaths (mcCormick and Fisher-Hoch, 2002). 
Similarly, in South America, Junin virus, machupo virus, 
Guanarito virus, and Sabia virus have emerged as causative 
agents of severe hemorrhagic fever disease (Peters, 2002). 
moreover, increasing evidence indicates that LCmV is a ne-
glected human pathogen of clinical significance in congenital 
infections (Barton and mets, 1999; Barton et al., 2002; Barton 
et al., 1995; mets et al., 2000), and also represents a seri-
ous problem to immunosuppressed individuals (Fischer et 
al., 2006; Palacios et al., 2008). Thus far, licensed vaccines 
against Lassa virus or LCmV are not available, and current 
antiarenavirus therapy is limited to the use of the nucleoside 
analog ribavirin, which is only partially effective and can 
cause significant side effects.

Arenavirus persistence and pathogenesis are believed to 
be facilitated by their ability to overcome the host innate im-
mune system (mcCormick and Fisher-Hoch, 2002). Chronic 
infection of the prototypic arenavirus LCmV in mice is 
associated with only a modest elevation in type I levels, 

despite widespread viral replication and high viral proteins 
(Saron et al., 1982), suggesting that the virus escapes innate 
detection and/or can efficiently counteract mechanisms of 
innate defence (Borrow et al., 2010). Accordingly, it was 
shown that the nucleoprotein of the LCmV counteracts type 
I IFN response during viral infection by inhibiting activation 
of IFN regulatory factor 3 (IFR3) and subsequent induction 
of type I IFN production and interferon-stimulated genes. 
This IFN-counteracting activity is highly conserved among 
arenaviruses (martinez-Sobrido et al., 2007). These findings 
were further confirmed and extended by demonstrating 
that LCmV NP blocks type I IFN production through 
targeting both the mDA5- and RIG-I mediated signalling 
pathway (Zhou et al., 2010). Recently, it has been found that 
LCmV NP associated with the kinase domain of interferon 
regulatory factor-activating kinase IKKε and blocked its 
activity without undergoing phosphorylation (Pythoud 
et al., 2012). moreover, it was shown that LCmV-NP, as 
well as NPs from other representative members within the 
Arenaviridae family also inhibit the nuclear translocation 
and transcriptional activity of the nuclear factor kappa B 
(Rodrigo et al., 2012).

On the other hand, acute LCmV infection of mice is 
associated with rapid induction of a strong systemic type 
I IFN response (malmgaard et al., 2002; merigan et al., 1977), 
which promotes an effective innate and adaptive control of 
infection (Borrow et al., 2010; Kolumam et al., 2005; muller 
et al., 1994). Virus is quickly cleared by virus-specific CD8+ 
cytotoxic T cells which receive help from IFN-γ-producing 
CD4+ T cells (Bevan, 2004). 

Taken together, type I and II IFNs play a critical role in 
LCmV infection by reducing viral loads in the initial stages 
of infection, thus modifying both the extent of CD8+ T cell 
exhaustion and the course of infection (Ou et al., 2001).

However, there is very limited data regarding IFN-λs 
signalling and antiviral properties in LCmV infection. Ank 
et al. demonstrated that IFN-λ is unable to control systemic 
LCmV infection in mice (Ank et al., 2006, 2008) and there-
fore for such an infection the functional type I IFN antiviral 
system is required. However, there might be significant 
differences between mice and humans. The infection of 
mice with LCmV has been well characterized, but there is 
currently no data on responses in the initial stages of infec-
tion in humans. 

7. Interferons and herpes viruses

Herpesviruses are enhanced all over the world. more than 
100 herpesviruses have been isolated from mammals, birds, 
fish, reptiles and amphibians. Eight herpesviruses are human 
viruses. Herpesvirus infections are often latent infections 
which can be reactivated, especially if the host becomes 
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immunocompromised. Primary and reactivated herpesvirus 
infections can be asymptomatic or can result in disease of 
varying severity (Carter and Saunders, 2007).

The herpesvirus genome is a linear dsDNA molecule, 
which varies in size from 125 to 240 kbp. The DNA is 
enveloped in the capsid of icosaedral symmetry, which 
contains 162 capsomeres, 12 capsomeres are pentons and 
150 capsomeres are hexons. The capsid is surrounded by 
the tegument, which contains at least 15 proteins and virus 
mRNA molecules (Carter and Saunders, 2007).

Human herpesvirus 1 (HHV-1) belongs to the subfamily 
Alphaherpesvirinae, the family Herpesviridae (Farooq and 
Shukla, 2012). It is characterized by a short reproductive 
cycle and prompt destruction of the host cell (James et al., 
2009). It initially infects epithelial cells of the oral mucosa, 
the skin or the cornea. HHV-1 may enter neurons and may be 
transported to their nuclei, where the viruses may establish 
latent infections. Reactivated virions are transported within 
the neuron to the initial site of infection where they cause 
productive infection in epithelial cells, resulting in a cold 
sore. There may be also serious complications such as en-
cephalitis (Carter and Saunders, 2007), which are associated 
with significant morbidity and mortality in spite of antiviral 
therapy (James et al., 2009). Ocular HHV-1 manifests as 
conjunctivitis, acute retinal necrosis and keratitis. HHV-1 
keratitis is an important cause of infectious blindness (Fa-
rooq and Shukla, 2012).

It has been found that IFN-β and IFN-γ treatments syn-
ergistically inhibit HHV-1 replication in primary human 
fibroblast cells (Peng et al., 2008). Expression of interferon 
regulatory factor 1 is increased during all phases of her-
pesvirus infection. This gene is a member of the larger IRF 
family of transcription factors, which induce interferon-
stimulated genes in response to interferon signalling (Szpara 
et al., 2010).

It has also been examined the ability of type III IFNs to 
inhibit HHV-1 replication in astrocytes and neurons. Both 
IFN-λ1 and IFN-λ2 significantly inhibited HHV-1 glyco-
protein D DNA synthesis in astrocytes without the toxicity 
to astrocytes and neurons (Li et al., 2011).

8. Interferons and influenza viruses

The Orthomyxoviridae family IAV is a common respi-
ratory pathogen that can cause severe viral pneumonia 
with alveolar inflammation and infiltration of neutrophils 
and mononuclear cells (Yeldandi and Colby, 1994). The 
genome of IAV consists of 8 negative single-stranded RNA 
segments that encode 12 functional peptides necessary 
for viral replication and virulence (Wise et al., 2009). The 
main antigenic determinants of IAV are the hemagglutinin 
(H) and neuraminidase (N) transmembrane glycopro-

teins. Based on the antigenicity of those glycoproteins, 
IAVs are further subdivided into 17 H (H1 to H17) and 
9 N (N1 to N9) subtypes (Tong et al., 2012). H1N1 and 
H3N2 subtypes are currently circulating in the human 
population. 

Primary cellular targets of influenza infection are the 
epithelial cells of the upper respiratory tract. The virus 
is also capable of infecting other cell types such as T 
cells, monocytes/macrophages and dendritic cells. Each 
cell type has a unique response to virus infection (Ronni 
et al., 1995; Sareneva et al., 1998; Pirhonen et al., 1999; 
Julkunen et al., 2000). Interferons play a critical role in 
innate as well as in adaptive immune responses against 
viral infections (Alexopoulou et al., 2001; Au et al., 2001). 
IAV-infected epithelial cells produce limited amounts of 
the type I IFNs (IFN-α/ß), proinflammatory cytokines 
IL-1, IL-6, and tumor necrosis factor alpha, chemokines 
RANTES, mCP, and IL-8 as well as the type III IFNs (Ju-
lkunen et al., 2000; Kotenko et al., 2003; Sheppard et al., 
2003; Pestka et al., 2004). macrophages produce signifi-
cant levels of IFN-α/ß, IL-1ß, TNF-α, chemokines, and 
IL-18 (Sareneva et al., 1998; Pirhonen et al., 1999, 2002; 
matikainen et al., 2000). IAV-infected DCs, especially 
plasmacytoid DCs, produce high level of IFN-α/ß (Cella 
et al., 2000; Coccia et al., 2004). IFN-α/ß is involved in 
the development of Th1 immunity by stimulating natural 
killer and T-cell Th1 cytokine receptor gene expression 
and IFN-γ production (Sareneva et al., 1998, 2000; mat-
ikainen et al., 2001). IFN-α reduces virus replication and 
lowers host innate immune response following infection 
(Jiang et al., 2011).

IAVs can induce the expression of IFN-λ2 and 3 as well as 
IFN-λ1 genes whose gene products are likely to contribute to 
the host antiviral response. IFN-λ1 exerts an antiviral effect 
during IAV infection through activation of antiviral genes and 
this antiviral effect is independent of IFN-ß (Osterlund et al., 
2005; Wang et al., 2009). IFN-λ2 and IFN-λ3 inhibited repli-
cation of IAV in the cells treated with these IFNs (Svetlikova 
et al., 2010). Recombinant chicken IFN-λ inhibited influenza 
virus replication and induced the mRNA expression of the 
interferon-stimulated genes, mx and 2΄,5΄-oligoadenylate 
synthetase, in chicken embryonic fibroblasts) in a dose-
dependent manner. The effective dose of IFN-λ is higher than 
that of IFN-β and IFN-γ. Furthermore, the effect of IFN-λ on 
induction of mx and 2΄,5΄-oligoadenylate synthetase is less 
than that of IFN-β, but comparable to that of IFN-γ (masuda 
et al., 2012). Induction of type I and type III IFN expression 
is specific for each IAV (Sutejo et al., 2012).
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