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1. ABSTRACT 
 
 Type III interferons (IFNs), a new type IFN 
family consisting of 3 IFN-lambdas, have been identified 
through a homology search. They include IFN-lambda1, 
IFN-lambda2 and IFN-lambda3, which are also named as 
interleukin (IL)-29, IL-28A and IL-28B, respectively. The 
receptor complex of IFN-lambdas is composed of the IL-10 
receptor beta (IL-10Rbeta) and a novel IL-28 receptor 
alpha (IL-28Ralpha). The signal transductions of type III 
IFNs seem to be similar to those of type I IFNs. Both type I 
and III IFNs activate Janus activated kinase (JAK)/signal 
transducer and activator of transcription (STAT) signaling 
pathway and transcribe a number of IFN-associated genes. 
Various types of viruses induce expressions of type III 
IFNs as well as type I IFNs; however, the biological 
functions of type III IFNs could be distinct from those of 
type I IFNs partly because of the tissue-restricted 
expression of the type III receptor complexes. In this 
review, we encapsulate recent understandings about type III 
IFNs in particular the anti-tumor effects, and discuss 
possible mechanisms and a potential use for cancer therapy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
  

IFN-mediated interference of virus replications 
was found about 50 years ago (1). Initially a single 
molecule was regarded to be responsible for the anti-viral 
action but subsequent studies demonstrated a large family 
of IFNs with complex gene diversifications (2). At this 
moment the type I IFN family primarily consists of IFN-
alpha and IFN-beta, which include 12 and 1 subtype in 
human, respectively (3). The genes that encode type I IFNs 
are clustered on chromosome 9 in human and on 
chromosome 4 in mice. All of the type I IFNs bind a 
common receptor complex on cell surface, which are 
composed of 2 chains, IFNAR1 and IFNAR2. The 
interaction of type I IFNs with its receptor complex induces 
activation of STAT family members, resulting in formation 
of many kinds of hetero- and homodimer pairs, as well as 
complexes with other transcription factors (3-5). The type I 
IFNs are multi-functional cytokines with potent anti-viral, 
growth-suppressive and immune-regulatory functions. 
Clinical studies demonstrated that type I IFNs had 
improved outcomes of many diseases such as viral 
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infections, autoimmune disorders and various malignancies 
(6-9). 
 
 Type III IFNs, belonging to a novel IFN family, 
have been identified as IFN-lambdas with 3 subtypes, IFN-
lambda1, -lambda2 and -lambda3, which are also known as 
IL-29, IL-28A and IL-28B, respectively. The new 
cytokines have been demonstrated to have an anti-viral 
activity but they could have different functions from the 
type I IFNs since respective IFN-lambdas bind a specific 
receptor complex as we discuss later (10,11). We 
summarize current knowledge of molecular and biological 
properties of type III IFNs and discuss the anti-tumor 
responses with a possible mechanism in this review. 
 
3. INDUCTION OF TYPE III IFNS 
 
 Type I IFNs use 2 kinds of signaling pathways, 
the Toll-like receptors (TLRs)-mediated pathway that is 
essential in sensing of pathogens, and a cytosolic receptor 
pathway (12). Among the TLRs family, TLR3, TLR4, 
TLR7, TLR8 and TLR9 mediate type I IFNs production at 
variable levels, depending on cell types, and the same 
TLRs also presumably activate type III IFNs expressions 
(13,14). TLRs act as prototypical signaling receptors that 
activate innate immunity since TLRs recognize different 
types of nucleic acids to detect most types of viruses. 
TLR3 recognizes double-stranded RNAs, a principal 
form of both DNA and RNA viruses. TLR4 detects 
lipopolysaccharides derived from gram-negative 
bacteria and augments IFNs expression in antigen 
presenting cells such as dendritic cells and 
macrophages. TLR7 and TLR8 recognize single-
stranded RNAs (ssRNAs) and viruses that contain these 
genomes. TLR9 detects unmethylated CpG motifs in 
DNA, which are commonly found in DNA viruses and 
bacteria (12). 
 
 Several types of cytosolic receptor pathways are 
another signal system mediating induction of type I IFNs 
(12). The melanoma differentiation antigen 5 (MDA5), 
retinoic acid inducible gene-I (RIG-I) and caspase 
recruitment domain (CARD)-containing RNA helicases are 
all involved in viruses-detection systems (15). CARD-
containing adaptor protein, mitochondrial anti-viral 
signaling protein (MAVS), is also important for IFN-beta 
induction (16). Mice deficient of the MDA5 or RIG-I gene 
showed defective responses of type I IFNs to many types of 
viruses including influenza and vesicular stomatitis virus 
(VSV) (17,18). In all likelihood, mechanisms of virally 
stimulated type III IFNs induction seem to be similar to 
those of type I IFNs (19). Onoguchi et al. demonstrated that 
the IFN regulatory factor-3 (IRF-3), MAVS, Traf family 
member-associated NF-kappaB activator-binging kinase 1 
and RIG-I played an important role in the induction of both 
type I and type III IFNs (19). Similarly, cis-regulatory 
elements of the human IFN-lambda1 gene have a cluster of 
IRF binding and NF-kappaB binding sites, and moreover, 
recent studies showed that type III IFNs were also induced 
by bacterial infections as demonstrated in type I IFNs 
(20,21). Previous functional analyses revealed that all of 
these above-mentioned genes and binding sites were 

involved in viruses-induced cellular responses, and thus 
these findings collectively suggest that expressions of both 
types I and type III IFN genes are regulated by a common 
mechanism in viral infections. 
 

A recent study however demonstrated that both 
RNA and DNA viruses are less potent to produce type III 
IFNs compared with type I IFNs (22). Moreover, the 
expression level of IFN-lambdas was influenced by IFN-
alpha and tumor necrosis factor-alpha both of which 
increased IFN-lambdas through up-regulating TLRs and 
RIG-I signaling pathways (14,23,24). Interestingly, 
hepatitis C virus (HCV) infection induced IFN-lambdas but 
not IFN-alpha or IFN-beta mRNA (25). In addition, IFN-
lambda expression was dependent on the NF-kappaB 
pathway more significantly than the case with IFN-alpha 
and IFN-beta (26). These data suggest an unidentified 
mechanism underling type III IFNs induction and imply 
that type III IFNs have a protective function from a specific 
virus when type I IFNs are unavailable. 
 
4. TYPE III IFNS AND ITS RECEPTOR COMPLEX 
 
 The structures of type III IFN are related to type I 
IFNs and to IL-10 family (10,11). All the genes of the type 
III family are clustered on chromosome 19 (q13.13 region) 
in human and consist of several exons (5 exons for IFN-
lambda1, 6 for IFN-lambda2 and IFN-lambda3), whereas 
the genes for type I IFNs members are clustered on 
chromosome 9 and are composed of a single exon. The type 
III IFN genes encode about 20 kDa molecules secreted as a 
monomeric structure and IFN-lambda1, but not IFN-
lambda2 or IFN-lambda3, has a potential N-linked 
glycosylation site. IFN-lambda2 shows 96% identity with 
IFN-lambda3 at an amino acid level and IFN-lambda1 is 
also highly homologous to IFN-lambda3 (81%). The exon-
intron structure of the IFN-lambdas genes resembles that of 
IL-10 and IL-10-related cytokines (10,11), and thus type III 
IFN family can represent a possible evolutionary linkage 
between the type I IFNs and the IL-10 family. 
 
 Murine type III IFN genes have also been 
indentified to encode 3 kinds of protein, mIFN-lambda1, 
mIFN-lambda2 and mIFN-lambda3, which are 
homologous to but distinct from the human counterparts. 
An analysis of the mouse genome revealed that the 
mIFN-lambda2 and mIFN-lambda3 genes encoded the 
human respective orthologues but the mIFN-lambda1 
gene had a stop codon in the first exon which resulted in 
truncated protein perhaps to be subjected to degradation 
(27). The IFN genes themselves have been well conserved 
in bird and fish. Bird genome contains the type I IFN genes 
without an intron structure and the type III IFN genes 
bearing 5 exons, whereas fish possess the IFN genes 
holding 5 exons (28,29). Precisely, IFN of zebra fish is an 
orthologue of mammalian type III IFN but that of some 
kinds of fish corresponds to mammalian type I rather than 
type III based on the structure analyses of the IFN receptors 
(29). These phylogenical studies collectively suggest that 
type III IFNs represent an ancestral IFN prototype that gave 
rise to intron-less type I IFNs presumably by retroposition 
events and gene duplications (30-32)
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Figure 1. Genomic location and 3 isoforms of IL-
28Ralpha. The IL-28Ralpha gene is located on human 
chromosome 1. Isoform 1 (NP_734464) has an 
extracellular (EX) region of 226 amino acids, a single 
transmembrane (TM) region and a cytoplasmic (CY) region 
of 271 amino acids. Isoform 2 (NP_775087) has a 29 
amino acids deletion within the CY region and is likely 
defective of the signaling transduction ability. Isoform 3 
(NP_775088) lacks both TM and CY regions and could be 
a soluble molecule. 
 

 
 
Figure 2. Compared signaling transductions between type I 
and type III IFNs. Type I IFNs binding to its receptor 
complex induces JAK1/tyrosine kinase 2 (TYK2) 
activation and subsequent phosphorylation of STAT1 and 
STAT2. The phosphorylated complexes with IRF-9 forms 
ISGF3, which migrates into nucleus to bind ISREs and then 
initiate transcription of ISGs. Type I IFNs also activate 
PI3K and the p38 pathways, and stimulate transcription of 
the relevant genes. Similarly, type III IFNs induce the JAK-
STAT pathway; however, it is currently unknown whether 
type III IFNs activate the PI3K and the p38 pathways. 
 
 All of the type III IFNs bind the same 
heterodimeric receptor, which contains a newly identified 
subunit, IL-28Ralpha (also known as IFN-lambdaR1, 

CRF2-12 or LICR), and the IL-10Rbeta subunit (IL-10R2 
and CRF2-4). IL-10Rbeta also serves as a subunit of the 
IL-10 receptor complexes and IL-10-related inflammatory 
cytokines such as IL-10, IL-22 and IL-26 (10,11,33,34). 
The IL-28Ralpha gene is located on chromosome 1 in 
human, mapped closely to the gene encoding the IL-22 
receptor (Figure 1). IL-28Ralpha is divided into 3 portions, 
an extracellular domain, a single transmembrane domain 
and a cytoplasmic portion. The 7 exon-intron structures, a 
predicted 3 dimensional structure of its ectodomain and 
positions of the conserved cysteine sites, all together show 
that IL-28Ralpha is classified as the class II cytokine 
receptor family, which includes the receptors for IL-10, IL-
19, IL-20, IL-22, IL-24, IL-26, type I IFNs and IFN-gamma 
(11,34). Similar to other class II cytokines receptors, IL-
28Ralpha probably determines specificity of the ligand 
binding and facilitates recruitments of intracellular 
signaling molecules. In addition to the full-length IL-
28Ralpha, 2 alternatively spliced variants receptors have 
been identified in human (isoform 2 and 3) (Figure 1) (11). 
The isoform 2 encodes a receptor with a 29-amino acids 
deletion in its intracytoplasmic part, which is likely devoid 
of a signal transduction ability, and the isoform 3 encodes 
only the ectodomain, which is probably secreted as soluble 
molecules. The biological significances of the 2 isofoms 
however remain uncharacterized but could be antagonistic 
to authentic isoform 1. 
 
 All the type I IFNs bind a common receptor 
complexes consisting of 2 subunits, IFNAR1 and IFNAR2. 
The type I IFN receptors are expressed in virtually all the 
somatic cells and malignant cells as well. In contrast, IL-
28Ralpha expression seems to be restricted with a tissues-
specific manner although IL-10Rbeta is ubiquitously 
expressed. The IL-28Ralpha transcripts are in fact 
undetectable in several cell types such as fibroblastic and 
endothelial cells, which are thereby unresponsive to IFN-
lambdas (30). Lymphoblastoid cells such as Daudi cells 
express the IL-28Ralpha but at a very low level, making 
them also insensitive to IFN-lambda1 (35). Peripheral 
blood mononuclear cells (PBMC), when freshly isolated, 
do not express the IL-28Ralpha but become positive for the 
expression when differentiate into dendritic cells upon IL-4 
and granulocyte-macrophage colony-stimulating factor 
treatments (36). Subsequent studies also supported the 
restricted expression of IL-28Ralpha in a certain type of 
cells, which is consistent to the previous studies (30,37,38). 
The limited expression of the type III IFN receptors 
influences the responsiveness, which may generate 
biological functions distinct from those of type I IFNs. 
 
5. INTRACELLULAR SIGNALING PATHWAYS 
 
 There are 2 kinds of intracellular signaling 
pathways induced following the interaction of type I IFNs 
with their receptors, a conventional and an unconventional 
signaling pathway (Figure 2). The signal transduction of 
type III IFNs seems to be similar to that of type I IFNs 
although detailed signaling pathways by type III IFNs 
remain relatively uncharacterized. The conventional 
pathway is linked with the JAK-STAT pathway. Ligation 
of IFN-alpha or -beta with the receptors results in rapid 
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phosphorylation and activation of the receptors associated 
tyrosine kinase 2 and JAK1, which in turn induces 
phosphorylation and activation of STAT1, STAT2, STAT3 
and STAT5. The activation of these STATs seems to be 
shared among different kinds of type I IFNs because all of 
these IFNs bind to the same receptor complexes (37,39,40). 
Nevertheless, type I IFNs-mediated activation of STAT4 
and STAT6 is restricted to a certain cell type such as 
endothelial and lymphoid lineages, suggesting a possible 
tissue-specific and diversified response of type I IFNs (39-
43). Phosphorylated STATs form homodimers or 
heterodimers, which are subsequently translocated into 
nucleus and bind to IFN-stimulated response elements 
(ISREs) in regulatory regions of the IFN-stimulated genes 
(ISGs) (36-38). ISG factor 3 (ISGF3) is a crucial 
transcriptional complex, which is composed of 
phosphorylated STAT1 and STAT2, and IRF9, and initiates 
transcriptions of ISGs (34,40). Similarly, the interaction of 
the IFN-lambdas and their receptor complex induces 
signaling events by activating these transducer components. 
Ligation of type III IFNs and the receptors initiates 
activation of the JAK-STAT signaling pathway and 
generate tyrosine phosphorylation of STAT1, STAT2, 
STAT3, STAT4 and STAT5. ISGF3 is formed thereafter 
and transferred into nucleus to bind ISREs (11,30,32,37). 
Type I and III IFNs thus share the same downstream signal 
pathways and the repertoires of IFN target genes are similar 
each other. The similarity of the transcriptional regulation 
between the 2 types was confirmed by a microarray 
analysis with several cell lines (35,44). On the other hand, 
differential activation kinetics of IFN-alpha- and IFN-
lambda1-induced genes was demonstrated in hepatocellular 
carcinoma during HCV replications (45). Recent 
publications further demonstrated that an IFN-lambda 
treatment resulted in strong and sustained phosphorylation 
of STATs, whereas IFN-alpha-induced STAT activations 
were transient (46,47). The above differences can be 
generated by a distinctive STATs stimulation at least in a 
certain type of cells. 
 
 All the biological effects of type I IFNs are not 
solely attributable to downstream events of the JAK-STAT-
mediated system. The phosphatidyl-inositol-3-kinase 
(PI3K) and the p38 kinase pathways have a certain role in 
the IFN-induced signal transduction as an unconventional 
pathway, and precise functional significances between the 
conventional and the unconventional pathways are 
summarized in previous reviews (37,40). Activation of the 
PI3K pathway in response to type I IFNs is different in its 
mechanism from the JAK-STAT pathway, and is dependent 
on cell types. IFN-alpha phosphorylated STAT3 to provide 
a docking site for PI3K bindings in Daudi cells (48), 
whereas it also activated the p38 kinase and induced 
STAT1 phosphorylation in HeLa cells, both of which are 
mandatory for anti-viral responses and ISRE-dependent 
gene expressions (49,50). Increasing evidences also suggest 
that the p38 kinase pathway plays a role in modulating type 
I IFN-dependent responses (40). It is however currently 
unknown whether type III IFNs activate the PI3K and the 
p38 kinase pathways. Recent studies nevertheless showed 
that IFN-lambda1 induced activation of ribosomal protein 
S6 kinase in HT-29 cells (51) and the PI3K-AKT pathways 

in HepG2 cells (52), and that both the p38 and Jun N-
terminal kinase-mitogen-activated protein kinases were 
involved in IFN-lambda1-induced gene expression in Raji 
cells (53). At present biological significances of the 
unconventional pathway remain less characterized but it 
functions alternatively to activate type III IFN-mediated 
cascades in a specific cell lineage. Type I IFNs activate a 
variety of signaling molecules through the unconventional 
pathways together with or without STATs systems 
(54).Type III IFNs use the JAK-STAT pathway similar to 
type I IFNs but a possible contribution of the 
unconventional pathways to type III IFNs-mediated 
responses needs further investigations. 
 
6. PROTECTION AGAINST VIRAL INFECTION 
AND MODULATION OF IMMUNITY 
 
 Type III IFNs protect host cells from viral 
infections by inhibiting the replication. Type III IFNs 
activate 2 representative cellular genes that favor anti-viral 
host responses; 2’5’-oligoadenylate synthetase which 
mediates a cleavage of ssRNAs and myxovirus resistance A 
which impairs an intracellular trafficking of viruses 
(10,22). The anti-viral activity of type III IFNs is however 
relatively limited compared with that of type I IFNs. IFN-
lambdas inhibits the replication of different virus species 
such as encephalomyocarditis virus, VSV, 
cytomegalovirus, herpes simplex virus, and influenza A 
virus (10,11,13,55) but did not prevent that of Lassa virus 
in dendritic cells and macrophages (56). Meager et al. 
reported that anti-viral actions generated by type III IFNs 
were restricted in the repertoires and were less strong in the 
potency than type I IFNs (38). The reason why type III 
IFNs have less and even no anti-viral activity in some cases 
is partly due to low or limited expression of the receptor 
complexes. Type III IFNs-mediated anti-viral activities 
could be alternative or supplementary to type I IFNs. The 
possible subsidiary function of type III IFNs has not been 
in fact experimentally shown and IFN-lambda or IL-
28Ralpha gene-knockout mice are required for further 
investigations to characterize functional difference between 
type I and type III IFNs. Recently IFN-lambda has been 
shown to produce inhibitory effects on common viruses 
such as human immunodeficiency virus (57), rhinovirus 
(58) and rotavirus (59) and interestingly, genotypes of IFN-
lambda3 determined sensitivity of an anti-viral agent to 
HCV infections (60). The type III IFNs therefore can be a 
possible therapeutic agent for a certain type of viruses or 
for patients suffering from type I IFNs-resistant infection, 
and a combinatory use of both IFN types is an option for 
severe infection cases. 
 
 Type I IFNs have a wide range of immune 
stimulatory activities including augmentation of T helper 
type 1 (Th1) cell responses, up-regulation of the major 
histocompatibility complex (MHC) class I molecules and 
consequent generation of natural killer (NK) cell- and T 
cell-mediated cytotoxicity (12,54,61). Type I IFNs thus 
function to elevate both innate and adaptive immune 
responses. Type III IFNs could support cell-mediated 
immunity and there have been several studies that IFN-
lambda3 activated CD8+ T cells (62), and IFN-lambda1 and 
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IFN-lambda2 induced production of Th1-cytokines such as 
IL-12 and IFN-gamma (63-64). Jordan et al. recently 
reported that IFN-lambda1 markedly diminished IL-13 
levels and moderately elevated IFN-gamma production 
(65). The subsequent study demonstrated that IFN-lambda-
primed CD3+ cells inhibited Th2 cell-mediated 
inflammation in the intestine and suggested an inhibitory 
role in Th2 differentiation (66). On the other hand, type III 
IFNs have not been demonstrated to increase antibody 
formation. In addition, IFN-lambda1 also elevated 
transcription of the monokine induced by IFN-gamma 
(Mig), IFN-gamma inducible protein-10 (IP-10) and IFN-
gamma inducible T-cell alpha chemoattractant genes in 
PBMC with a IFN-gamma-independent manner (67,68). 
These chemokines are involved in anti-angiogenesis and 
consequently suppress tumor growth. These studies 
indicate that type III IFNs modulate Th1/Th2 cells 
equilibrium and influence the balance through a different 
mechanism from type I IFNs. 
 
7. APOPTOSIS AND CELL CYCLE ARREST 
 
 The anti-proliferative activity of IFNs is 
presumably similar to anti-viral actions from the standpoint 
of host defense mechanisms and may be ubiquitously 
detected in all the somatic cells. IFN-mediated apoptosis 
induction is one of the mechanisms for depleting virally-
infected cells but the precise intracellular pathways are not 
fully characterized. Type I IFNs have anti-proliferative 
property through inducing apoptosis and cell cycle arrest, 
both which are also favorable to anti-tumor activities as 
well. Similarly, type III IFNs have anti-proliferative actions 
on tumor cells, which is evidenced in experimental models in 
vitro (27,35,38,69,70). Several lines of studies recently 
demonstrated that IFN-lambdas inhibited growth of 
glioblastoma and neuroendocrine tumor cells (38,69), and also 
intestinal epithelial cells (22). Tyrosine phosphorylation of IL-
28Ralpha at residues of 343 and 517, which is required for 
optimal activation of STAT2, is crucial for growth suppression 
of IFN-lambda-treated cells (35). We recently demonstrated 
that IFN-lambda1 induced G1-phase arrest with p21 induction 
and Rb dephosphorylation (71,72). We also revealed that IFN-
lambda1 achieved anti-proliferative activity through the 2 
different mechanisms, cell cycle arrest and apoptosis induction, 
depending on esophageal carcinoma cell lines used (71). In 
addition, other studies also demonstrated that IFN-lambda 
induced cleavage of caspase-3, -8 and -9 and confirmed 
apoptosis of tumor cells (73-75). One of the interesting points 
is that the induction of cell cycle arrest and apoptosis with type 
III IFNs does not occur in all the receptor-positive cells but is 
subject to cell types. Up-regulation of class I molecules of 
MHC and induction of anti-viral molecules were in contrast 
ubiquitously observed in all the receptor-positive cells. 
Signal pathways mediating the growth suppression could 
be different from those of MHC up-regulation and 
induction of anti-viral molecules. 
 
8. IN VIVO ANTI-TUMOR EFFECTS AND ITS 
MECHANISMS 
 
 Type I IFNs produce anti-tumor effects and IFN-
alpha is in fact clinically in use to treat several types of 

malignancies. Anti-tumor effects of type III IFNs were also 
investigated in several experimental animal models and the 
mechanism acting in in vivo settings was not solely 
attributable to the anti-proliferative activity. Growth of 
murine B16 melanoma expressing mIFN-lambda2 was 
retarded and even lost the tumorigenicity (27). 
Interestingly, mice that rejected the B16 tumors secreting 
mIFN-lambda2 failed to induce immunological memory 
responses, suggesting that mIFN-lambda2 is not involved 
in adaptive immune responses. One of possible 
mechanisms other than immunity is inhibited 
angiogenesis in vivo since type I and type III IFNs up-
regulate Mig and IP-10, both of which suppress neo-
angiogenesis within tumors. A different study however 
showed that both genes were not always induced in vivo 
despite IFN-lambda2-mediated anti-tumor responses (76). 
In contrast, Numasaki et al. showed that local secretion of 
mIFN-lambda2 from murine fibrosarcoma produced anti-
tumor responses which were mediated by neutrophils, NK 
and CD8+ T cells (70). The study also showed that IFN-
gamma but not IL-12, IL-17 or IL-23 was essential for the 
anti-tumor responses. Type III IFNs thereby seem to 
possess multiple functions in immune-modulating ability. 
IFN-lambda1 augmented the expression of MHC class I 
molecules which subsequently increase the expression 
levels of putative tumor antigens (71). Type III IFNs 
thereby enhance antigenicity of tumors and increase 
sensitivity of the tumors to cytotoxic T cells. On the other 
hand, several experimental models showed that activated 
NK cells were primarily responsible for IFN-lambda-
mediated anti-tumor effects (77-79) although enhanced 
expressions of MHC class I molecules rather suppressed 
NK cells-mediated cytotoxicity. IFN-lambdas can 
thereafter function to activate adaptive immune responses 
probably through NK cell-mediated tumor cell death and 
antigen presentation thereafter (70). These studies suggest 
that mechanisms of type III IFNs-mediated anti-tumor 
effects are dependent on tumor models and that many 
factors influence the type III IFNs-induced activities. 
 
9. CONCLUSIONS AND PROSPECTS 
 
 Type III IFNs are similar to type I IFNs in the 
biological properties but detailed comparison between the 
types showed distinctive expression patterns of the 
respective receptors. The restricted expression of type III 
receptor complex in contrast with ubiquitous expression of 
type I IFNs receptors suggest differential functions of the 
type III IFNs in in vivo settings. Type III IFNs have the 
multiple functions including anti-viral, immunomodulatory 
and anti-proliferative actions and the majority of these 
functions overlap with those of type I IFNs. Several studies 
nevertheless demonstrated that differential activities 
between the 2 type IFNs in a certain experimental model. 
As for anti-tumor activities, mechanisms of type III IFN-
mediated effects seem to be the same as that of type I IFNs 
and are attributable to direct and indirect actions (Figure 3). 
Type III IFNs directly inhibit growth of tumors by inducing 
apoptosis and/or cell cycle arrest and augment host 
immunity by up-regulating innate and adaptive immune 
responses. We also speculate that type III IFNs can be 
favorable to anti-angiogenesis. 
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Figure 3. Mechanisms of type III IFNs-mediated anti-tumor responses. Type III IFNs directly act on tumor cells and indirectly 
on immune cells and endothelial cells. These actions are probably coordinated to induce cytotoxicity. 
 
 Feasible clinical applications of type III IFNs are 
determined by the biological activities and the potency. At 
this moment, abilities to up-regulate MHC class I 
expression and to suppress cell growth were weaker in type 
III IFNs than in type I IFNs. In addition, the anti-tumor 
effects in vivo of type III IFNs in comparison with type I 
IFN are not well characterized. The restricted expression of 
type III IFN receptors can be a clue for cell-mediated 
delivery of IFN-lambdas specific to target tumors. 
Fibroblasts, negative for IL-28Ralpha, are resistant to IFN-
lambdas-mediated apoptosis but can deliver IFN-lambdas 
to the target cells in the vicinity. Transduction of fibroblasts 
with the IFN-lambda gene and injection of the cells into 
target tumors can generate anti-tumor effects against the 
tumors by inducing apoptosis of tumors and activating host 
immune responses. Cell-mediated delivery of a soluble 
factor can be more beneficial than direct injection of the 
vector bearing the factor gene since local concentrations of 
the factor is relatively maintained in the cell-mediated 
delivery system. Cells, in particular with tumor-migratory 
propensity such as tumors-associated fibroblasts or 
mesenchymal stem cells, can be localized at the target site 
better than an expression vector itself. Continuous secretion 
of the factor from the producing cells can thus be achieved, 
whereas the expression vector is washed out with easy. 
Type III IFNs have different response repertoires to viruses 
from type I IFNs and combinatory use of type I and type III 
IFNs might cover wider range of viral infections than an 
individual IFN. Anti-cancer agents, when combined with 
IFNs, may augment the cytotoxic effects but IFN-lambda1 
together with chemotherapeutic agents did not produce 
significant synergistic effects in clinical settings (80). 
Adenoviruses bearing IFN-lambda gene could produce 
large amounts of IFN-lambda in the infected tumors, which 
makes the local concentrations high in the 
microenvironment and subsequently can produce better 

anti-tumor effects in combination with anti-cancer agents. 
Further preclinical studies regarding the therapeutic effects 
are required and high transduction efficacy by adenoviruses 
or other vector systems is one of the crucial factors to make 
the clinical application feasible as suggested in other cases 
of cancer gene therapy. 
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