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Abstract
IL-26 is classified as a member of the IL-10 cytokine family because it has limited sequence
homology to IL-10 and the IL-10-related cytokines. The human IL-26 gene, IL26, is located on
chromosome 12q15 between the genes for two other important class-2 cytokines, IFNG (IFN-γ)
and IL22 (IL-22). IL-26 is often co-expressed with IL-22 by activated T cells, especially Th17
cells. It signals through a heterodimeric receptor complex composed of the IL-20R1 and IL-10R2
chains. IL-26 receptors are primarily expressed on non-hematopoietic cell types, particularly
epithelial cells. Signaling through IL-26 receptor complexes results in the activation of STAT1
and STAT3 with subsequent induction of IL-26-responsive genes. The biological functions of
IL-26 have only begun to be defined.
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1. Introduction
Interleukin-26 (IL-26) was originally discovered by Knappe et al. [1] as a novel cDNA
clone, denoted AK155, that displays weak but significant sequence homology
(approximately 25% identity) to IL-10. The human IL26 gene was first identified via its
elevated expression in Herpesvirus saimiri (HVS)-transformed T cells. The encoded protein
is a member of the IL-10 family of cytokines that also includes IL-10, IL-19, IL-20, IL-22,
IL-24 [2,3]. IL-26 is a secreted protein, and may be functional either as a monomer or
homodimer, although definitive physicochemical data regarding the structure of IL-26 has
not yet been published. However, it is clear that IL-26, like the other IL-10-related
cytokines, is a member of the class-2 cytokine family. Although the IL-26 protein shares
some sequence homology with IL-10, IL-26 binds to a distinct cell surface receptor
consisting of the IL-20R1 and IL-10R2 chains, and induces functional activities that are
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different from those mediated by IL-10. The primary target cells for IL-10, including
monocytes, neutrophils and lymphocytes, do not express IL-26 receptors.

The human IL-26 gene, IL26, maps to chromosome region 12q15 between two other
important class-2 cytokine genes, IFNG (IFN-γ) and IL22 (IL-22) [4]. Several recent reports
have shown that the IL-26 gene is often co-expressed with IL-22 at high levels by Th17 cells
[5–7]. In fact, the phenotype of human Th17 cells is defined in part by the fact that these
cells co-express IL-17, IL-22 and IL-26. Therefore, although IL-26 was originally
discovered as an inducible gene in Herpesvirus saimiri (HVS)-transformed human T cells
[1], it is now clear that the IL26 gene is more broadly expressed by Th17 cells following
antigen-specific stimulation via clonotypic T cell antigen receptors.

2. Organization and evolutionary conservation of the IL-26 gene
IL-26 is classified as a member of the IL-10-related subfamily of cytokines that includes
IL-10, IL-19, IL-20, IL-22, IL-24 [2,3]. With the exception of the IFN-λ genes, the IL-10-
related genes are clustered on two loci located on two distinct chromosomes. The genes for
IL-10, IL-19, IL-20 and IL-24 reside on a single locus on human chromosome 1q32. The
genes for IL-22, IL-26 and IFN-γ are arranged in tandem on human chromosome 12q15, and
are transcribed in the same orientation (Fig. 1). The human IL26 gene is composed of five
exons that are separated by three introns. As is typical of all of the IL-10-related genes, the
IL26 gene has a “phase 0” intron/exon boundary.

The IL-26 gene is conserved in most vertebrate species, but is curiously absent in mice.
Paralogs of the IL-22, IL-26 and IFN-γ genes have been identified in several non-
mammalian species, including fish, frogs and birds [8–10]. A recent analysis of the genomes
of pufferfish (Takifugu rubripes), zebrafish (Danio rerio) and the western clawed frog
(Xenopus tropicalis) showed syntenic conservation of this cytokine gene cluster [8–10].
Interestingly, there is an additional homolog of the IFN-γ gene in the fish genome,
demonstrating that this is an active locus for lineage expansion of genes [8]. The genomic
organization of both the fish and frog IL-26 genes are similar to the human IL-26 gene
[9,10]. In mice, this cytokine gene cluster differs from most other species by the fact that the
IL-22 gene is duplicated to generate two distinct IL-22 genes, denoted IL-22α and IL-22β
[11]. However, in at least two strains, BALB/c and DBA/2, there is only a single copy of the
IL-22 gene. The murine IL-22β gene is believed to be a pseudogene with a 658 nucleotide
deletion in its non-coding exon at the 5’ end [11]. Moreover, in mice, the IL-26 gene is
conspicuously absent from this cytokine gene cluster (Fig. 1) [12]. When this locus was
examined more closely, remnant exons of the IL-26 gene that have substantial similarity to
the human IL26 gene were identified (R.S. and H.A.Y., unpublished observations).
Interestingly, these remnant exons of the IL-26 gene in mice indicate two copies of the gene
in a tail-to-tail orientation. However, these exons do not form a full-length gene, and for
unknown reasons, it appears that the IL-26 gene is disrupted only in rodents, but not in other
vertebrates. So far, attempts to amplify the IL-26 gene sequence from various inbred and
outbred strains of mice following stimulation have been unsuccessful. However, it has not
been ruled out that a full length IL-26 gene paralog might be present in the genome of truly
“wild” mice.

The amino acid sequence of IL-26 shares very low sequence homology (~15–25%) with
other members of the IL-10 cytokine family or with IFN-γ [1,2,3]. In contrast, IL-26 shares
very high amino acid sequence identity with its own mammalian paralogs (85–95%).
However, as shown in Fig. 2, the amino acid sequence similarity of the human IL-26 protein
to non-mammalian species such as zebrafish or frogs is much lower (17–30%). As also
shown in Fig. 2, the human IL-26 protein contains a large number of positively charged

Donnelly et al. Page 2

Cytokine Growth Factor Rev. Author manuscript; available in PMC 2011 October 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



amino acids, including 30 residues that are either lysine or arginine. As a consequence, the
predicted isoelectric point for this protein is fairly alkaline: pI = 10.7. The overall net
positive charge of the IL-26 protein provides an explanation for the reported heparin-binding
activity of this molecule [1,4]. It is interesting to note that, like IL-26, IFN-γ also displays
potent heparin-binding activity [13].

IL-26 signals through a heterodimeric receptor complex composed of two class II cytokine
receptor proteins: IL-20R1 and IL-10R2. In contrast to the IL-26 gene, the genes encoding
IL-20R1 (IL20RA) and IL-10R2 (IL10RB) have been highly conserved throughout evolution.
Consequently, gene paralogs for both of these molecules have been identified in many
mammalian species as well as lower vertebrates. Although the murine genome does not
contain an intact IL-26 gene equivalent, it does contain the IL-26 receptor genes: Il20ra and
Il10rb [14]. Therefore, although the IL-26 gene is not conserved in mice, the gene encoding
the IL-26 receptor, IL-20R1, is conserved in rodents. This might be explained by the dual
functions of the IL-20R1 chain because in addition to its function as the ligand-binding
chain in the IL-26 receptor complex, IL-20R1 can also heterodimerize with the IL-20R2
chain to generate receptors for IL-19, IL-20 and IL-24. Therefore, in the absence of an IL-26
gene paralog in the murine genome, IL-20R1 must function predominantly as a receptor for
IL-19, IL-20 and IL-24 in rodents.

3. Cellular Sources of IL-26
IL-26 can be produced by primary T cells, NK cells and T cell clones following stimulation
with specific antigen or mitogenic lectins. IL-26 (AK155) was initially shown by several
groups to be co-expressed together with another important IL-10-related cytokine gene,
IL-22 [15,16]. IL-26 is co-expressed together with IFN-γ and IL-22 by human Th1 clones,
but not by Th2 clones. It was subsequently found that IL-26 is co-expressed with IL-17 and
IL-22 by Th17 cells, an important subset of CD4+ T-helper cells that is distinct from Th1
and Th2 cells [5–7]. More recently, a novel subset of CD56+ NKp44+ NK cells was
identified that co-expresses IL-22 and IL-26, especially following treatment with IL-23 [17].
Furthermore, Hughes et al. described a different subset of immature NK cells that do not
express CD56 or NKp44 but do express CD117 and CD161 and constitutively express IL-22
and IL-26 [18].

The mechanisms that regulate transcription of the human IL-26 gene are so far largely
undefined. It is possible and perhaps likely that expression of the IL-26 gene is induced in an
IL-23-dependent manner because IL-23 is known to induce differentiation of Th17 cells, and
IL-23 amplifies expression of IL-17 and IL-22 by Th17 cells.

4. The IL-26 Receptor Complex
Although the IL-26 gene and its corresponding protein share some sequence homology with
IL-10, IL-26 does not share IL-10’s primary functional activities. This is due in large part to
the fact that the primary target cells for IL-10 such as monocytes and macrophages do not
express IL-20R1, the ligand-binding chain of the IL-26 receptor complex. Instead, IL-26 is
active on a variety of non-hematopoietic cell types, including many types of epithelial cells
that do express the IL-20R1 chain.

In 2004, two groups independently identified the receptor for IL-26 [19,20]. As illustrated in
Figure 3A, IL-26 signals through a heterodimeric receptor complex composed of the
IL-20R1 and IL-10R2 chains. IL-20R1 functions as the specific ligand-binding chain for
IL-26, and IL-10R2 functions as an essential second chain to complete assembly of the
active receptor complex. Neutralizing antibodies against either the IL-20R1 or IL-10R2
chains can block induction of IL-26 signaling [19,20]. IL-26 binds initially to IL-20R1 to
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form a binary complex: IL-26 + IL-20R1. The binding of IL-26 to the IL-20R1 chain rapidly
induces conformational changes that facilitate recruitment of the IL-10R2 chain to complete
assembly of the ternary complex. It is likely that the ternary IL-26 receptor complex is
assembled in a sequential order as previously shown for the IL-10 receptor complex [21,22].
Once fully assembled, the receptor complex undergoes a conformational change(s) that
induces activation of the receptor-associated Janus tyrosine kinases, Jak1 and Tyk2, and
subsequent transient docking and phosphorylation of the STAT proteins, STAT1 and
STAT3 [19,20].

Like IL-26, IL-10 also preferentially activates STAT3 in IL-10R1-positive cells such as
macrophages and T cells. IL-10 is characterized in part by its ability to suppress production
of proinflammatory cytokines such as TNF-α and IL-1 by activated macrophages [23].
However, IL-26 does not inhibit expression of genes such as TNF-α or IL-1 in monocytes or
macrophages because these cells do not express the IL-26-binding chain, IL-20R1.
Furthermore, studies have shown that IL-26 actually up-regulates expression of several
proinflammatory cytokine genes such IL-6 and IL-8 in keratinocytes and intestinal epithelial
cells [20,24]. Therefore, despite its structural relatedness to IL-10, IL-26 does not share
IL-10’s ability to inhibit cytokine production by monocytes and macrophages.

4.1. IL-20R1: the ligand-binding chain for IL-26
The gene that encodes the human IL-20R1 chain, IL20RA, and its corresponding protein
were originally identified as one of the two proteins that are required to form the receptor
complex for IL-20, another IL-10-related cytokine [14]. In the case of IL-20, this cytokine
binds initially to the IL-20R2 chain, and then this binary complex (IL-20 + IL-20R2) recruits
the IL-20R1 chain to complete assembly of the active receptor complex [25]. The Type-I
IL-20 receptor complex (IL-20R1 + IL-20R2) is structurally related to the IL-10 receptor
complex (IL-10R1 + IL-10R2). The fact that the IL-20R1 chain also serves as an essential
component of the IL-26 receptor complex illustrates the common theme that class II
cytokine receptor complexes often share use of one or more polypeptide chains. For
example, the class II cytokine receptor chain, IL-10R2, can heterodimerize with at least four
different ligand-binding chains: IL-10R1, IL-20R1, IL-22R1 and IL-28R to generate the
receptors for IL-10, IL-26, IL-22 and IL-28/IL-29 (IFN-λ), respectively [26].

IL-20 signals primarily but not exclusively through a heterodimeric receptor complex
composed of the IL-20R1 and IL-20R2 chains [14]. These receptor proteins are also
sometimes referred to as IL-20Rα and IL-20Rβ, respectively. This receptor complex was
originally defined based on its ability to bind IL-20 [14]. However, subsequent studies
showed that the IL-20R1:IL-20R2 complex is also used for signaling by two other IL-10-
related cytokines, IL-19 and IL-24 [27,28]. Therefore, the IL-20R1-IL-20R2 receptor
complex is shared by several cytokines, including IL-19, IL-20 and IL-24. The shared use of
various receptor chains by several different cytokines is a common feature of signaling by
many cytokines. For example, the common γ chain (γc) is an essential component of several
cytokine receptors, including those for IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21. Similarly,
the gp130 receptor is a shared component in the receptor complexes for IL-6, LIF and
oncostatin M (OSM). Therefore, as illustrated in Figure 3A, the IL-20R1 chain can either
heterodimerize with the IL-10R2 chain to form receptors for IL-26 or it can heterodimerize
with the IL-20R2 chain to form receptors for IL-19, IL-20 and IL-24.

The IL-20R1 chain is expressed at moderate levels by many cell types [14–16]. Although
IL-20R1 is expressed in skin and lung tissue, it is not expressed in lymphoid organs such as
the thymus or spleen or by peripheral blood leukocytes [14,15,19]. IL-20R1 is also
expressed at low levels in the brain, especially in the cerebellum, medulla and spinal cord
[19]. The second chain of the IL-20 receptor complex, IL-20R2, has an even more limited
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tissue expression pattern, and is also not expressed at significant levels by leukocytes
[14,15,28]. By comparison, the ligand-binding chain of the IL-10 receptor complex,
IL-10R1 (IL10RA), is highly expressed by most if not all hematopoietic cells, including
lymphocytes and macrophages, but not by non-hematopoietic cell types such as fibroblasts
or endothelial cells [23,29]. In contrast, the second chain of the IL-10 receptor complex,
IL-10R2 (IL10RB), is broadly expressed on most cell types and tissues [15,16,19,20,30].

Binding of IL-26 to its receptor complex (IL-20R1 + IL-10R2) induces rapid activation of
STAT3 and, to a lesser degree, STAT1 [19,20]. Several groups have demonstrated that
IL-26 can activate STAT1 and STAT3 using stably transfected tumor cell lines that
overexpress the IL-20R1 and IL-20R2 genes. In addition, IL-26 can induce activation of
STAT1 and STAT3 in certain human tumor cell lines that constitutively express the
IL-20R1 and IL-10R2 chains. For example, as shown in Figure 3B, treatment of COLO 205
cells (human colorectal carcinoma) with recombinant human IL-26 induces activation
(tyrosine phosphorylation) of STAT1 and STAT3. Like IL-26, IL-22 also induces tyrosine
phosphorylation of STAT1 and STAT3 in COLO 205 cells, and as illustrated in Fig. 3B, the
induction of STAT1 and STAT3 by IL-22 but not IL-26 can be markedly inhibited by the
addition of recombinant soluble IL-22-binding protein (IL-22BP).

Little is known about the genes that are induced by signaling through the IL-26 receptor
complex. However, the identification of human cell lines such as COLO-205 and HaCaT
that constitutively express IL-26 receptors provides useful cellular targets for identifying
genes that are inducible by IL-26. The repertoire of genes induced by IL-22 has already been
examined in one published study [31]. It will be interesting to determine if the gene
expression profiles induced by IL-26 are similar to those induced by IL-22 or if each of
these cytokines activates its own unique repertoire of genes.

4.2. IL-10R2: the accessory receptor chain
The IL-10R2 chain (alias CRF2-4) is a short chain, R2-type, class-2 cytokine receptor. It
functions primarily as an accessory chain to recruit the Janus tyrosine kinase, Tyk2, to the
receptor complex. As mentioned earlier in this review, the IL-10R2 chain is an essential
shared component in four distinct receptor complexes. The IL-10R2 chain can
heterodimerize with either the IL-10R1, IL-22R1, IL-20R1 or IL-28R polypeptide chains to
generate receptors for IL-10, IL-22, IL-26 and IL-28/-29 (alias IFN-λ), respectively [26]. In
contrast to the respective ligand-binding R1 chains which have restricted tissue expression
patterns, the IL-10R2 chain is broadly expressed on most cell types.

Both IL-22 and IL-26 are strong activators of STAT3 phosphorylation in target cells that
express the relevant receptor complexes. The ligand-binding chains of the IL-22 and IL-26
receptor complexes (IL-22R1 and IL-20R1, respectively) are predominantly expressed by
non-haematopoietic cell types, including epithelial cells of the skin and colon. The tyrosine
residues present in so-called cytokine receptor box-3 motifs (YXXQ) at positions 446 and
496 on the intracellular domain of the human IL-10R1 chain are known to be critical for
IL-10 function, and these motifs are highly conserved in the murine and human IL-10R1
polypeptides [32,33]. This motif has been described as being common to many STAT3-
activating cytokine receptors, including IL-10R1, IL-20R1 and IL-22R1 [2,34,35]. Despite
their common ability to induce activation of STAT3 in various target cells, IL-22 and IL-26
do not induce anti-inflammatory activities in their respective target cells. This suggests that
the presence of a box-3 YXXQ motif and the ability to activate STAT3 are not sufficient to
confer anti-inflammatory activity to the IL-22 or IL-26 receptor complexes as in the case for
the IL-10 receptor complex. Other motifs within the IL-10 receptor complex must mediate
the anti-inflammatory activities of IL-10.
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IL-10 and the IL-10-related cytokines, IL-19, IL-20 and IL-24, are co-expressed by antigen-
presenting cells such as monocytes, macrophages and dendritic cells. In contrast, IL-22 and
IL-26 are produced primarily by activated T cells [5–7]. The genes encoding human IL-22,
IL-26 and IFN-γ are located in close proximity to one another on chromosome 12q15. It is
possible that these three genes (IFNG, IL26 and IL22) may be coordinately regulated under
certain conditions. The close proximity of the IL-22 and IL-26 genes to the IFN-γ gene also
suggests that IL-22 and/or IL-26 might induce certain functional activities in common with
IFN-γ. Like IL-22 and IL-26, IFN-γ activates STAT1 and STAT3 in many cell types,
however, unlike the receptors for IL-22 and IL-26 which are not present on leukocytes
[15,16,36], IFN-γ receptors are expressed on leukocytes, including macrophages,
neutrophils and lymphocytes.

Although T cells are the principal producers of IL-22 and IL-26, the primary target cells for
these cytokines are non-hematopoietic cell types such as keratinocytes and hepatocytes.
IL-22R1 is highly expressed in normal liver, kidney and pancreas. IL-20R1 is expressed at
significant levels by epithelial cells in the skin, colon and small intestine. We and others
have also found that many tumor cell lines derived from the liver or colon express high
levels of IL-22R1, IL-20R1 or both [16,19,20,24]. As a result, these cell lines can respond to
both IL-22 and IL-26.

5. Structure of IL-26 and the IL-26 Receptor Complex
Currently, high-resolution crystal structures of IL-26 or the IL-26/IL-20R1/IL-10R2 ternary
complex have not yet been reported. Therefore, we developed an initial structural model of
IL-26 and its interactions with IL-20R1 and IL-10R2. Blastp searches showed that IL-26
shares the greatest sequence identity (~24–27%) with IL-10, IL-22, and IL-19. Since crystal
structures are available for each of these cytokines, we attempted to determine which
cytokine provides the best scaffold for the IL-26 sequence [37–41]. To address this question,
we first superimposed the IL-10, IL-22, and IL-19 crystal structures using STAMP [42]. The
IL-26 amino acid sequence was then aligned to the IL-10/IL-22/IL-19 structural-sequence
alignment using the program STACCATO [43]. The resulting alignment is shown in Figure
4A, and indicates that IL-19 provides the best structural scaffold to accommodate the IL-26
sequence. In particular, the IL-26 cysteine residues are properly aligned with the IL-19
cysteines with few alignment gaps. Our model is further supported by published receptor
binding activity data that demonstrate that IL-20R1 can bind IL-19 as well as IL-26 [27,28].

Our structural model of IL-26, based on the structure of IL-19, suggests that the cysteine
pairs Cys-32/Cys-124 and Cys-79/Cys-121 form disulfide bonds, leaving Cys-112 at the N-
terminal end of helix D accessible to form inter-molecular disulfides with other IL-26
molecules. In fact, IL-26 expressed in E. coli has been shown to form monomers and
disulfide-linked homodimers [1,20]. Homodimers, as well as monomers, were also observed
for Flag-tagged IL-26 expressed in COS-7 cells under non-denaturing conditions
(presumably without β-mercaptoethanol). Unfortunately, dimer formation was not verified
(only extracellular expression was verified) in the supernatants of virus-infected cells [1]. To
date, all dimeric forms of IL-26 observed have been disulfide-linked homodimers,
presumably via Cys-112. Our modeling efforts suggest that Cys-112 is near the IL-10R2
binding site, where disulfide formation could alter, or disrupt, IL-10R2 binding. One
company (R&D Systems Inc., Minneapolis, MN) markets both monomeric and dimeric
forms of recombinant human IL-26, and they claim that both forms are bioactive. The
biological functions of IL-26 are not yet well defined, and further characterization has been
hampered by difficulties in expressing significant quantities of this protein for biophysical
and functional studies.
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The same analytical method that we applied to the ligand, IL-26, was used to derive a model
for the IL-26 receptor, IL-20R1. Structures of IL-10R1 [44] and IL-22R1 [45,46] were
aligned using STAMP, followed by sequence/structural alignment using STACCATO.
Based on conservation of disulfide bond pairings, the resulting sequence alignments indicate
that the best model of IL-20R1 is derived using the D1 domain of IL-22R1 and the D2
domain of IL-10R1. A recent structural analysis of the IL-10/IL-10R1 and IL-22/IL-22R1
crystal structures demonstrated that cytokine recognition is predominantly a function of the
D1 domain of the R1 receptor [46]. Based on this information, the alignment of IL-20R1 and
IL-22R1 is consistent with similar receptor sharing properties of these receptors. In
particular, IL-22R1 can bind to IL-20, which shares high sequence identity (~44%) and
presumably structural similarity to IL-19, our molecular scaffold for the IL-26 structure. The
D2 domains of IL-10R1 and IL-22R1 both form complexes with IL-10R2. We interpret the
sequence alignment between IL-10R1 D2 and IL-20R1 D2 to suggest that these receptors
make similar contacts with the IL-10R2 chain that are distinct from the IL-22R1/IL-10R2
interaction [46]. Based on these findings, we conclude that the IL-26/IL-20R1/IL-10R2
ternary complex is best approximated by the IL-10/IL-10R1/IL-10R2 ternary complex.

A ternary complex model showing the locations of IL-20R1 and IL-10R2 bound to IL-26 is
shown in Figure 4B. As observed in the case of the IL-22/IL-22R1 and IL-10/IL-10R1
crystal structures, IL-20R1 contacts IL-26 helix A, the AB loop, helix B, and helix F. Based
on the binary crystal structures, the IL-26 residues that are likely to interact directly with
IL-20R1 are also shown in Figure 4B. Putative IL-20R1 binding residues on helix F are
highly conserved among IL-10, IL-22, and IL-19, and conform to the IL-10 "fingerprint"
sequence. In contrast to the conserved helix F residues, the helix A and AB loop residues,
which make up part of the IL-20R1 as well as the IL-10R2 binding site, are highly variable.
In addition, IL-10 and IL-22 residues important for interaction with IL-10R2 are found in
different positions in the sequence alignment. This feature is consistent with our evolving
understanding of IL-10R2 promiscuous binding, which appears to be based largely on the
structural orientations of helices A and D [21,22]. A more thorough understanding of the
IL-26/IL-20R1/IL-10R2 ternary complex will require more detailed structural studies
complemented by functional testing.

6. IL-20R1 (IL20RA) variants generated by alternative RNA splicing
As discussed above, IL-20R1 is the ligand-binding chain for IL-26 and a functional
component of several other cytokine receptor complexes, including the receptors for IL-19,
IL-20 and IL-24 [27,28]. IL-20R1 can heterodimerize with IL-20R2 to generate receptor
complexes for IL-19, IL-20 and IL-24, or it can dimerize with IL-10R2 to form IL-26
receptor complexes. While examining expression of the IL-20R1 gene, IL20RA, in various
cell types, we found that this gene can generate three distinct mRNA transcripts [19]. One is
the full-length 3.6 kb mRNA transcript that encodes the complete IL-20R1 polypeptide
(GenBank accession no. NM_014432). The second is a 1.7 kb transcript that encodes a
variant form of the receptor that lacks the first (membrane-distal) fibronectin type-III
extracellular domain but retains the second (membrane-proximal) extracellular domain,
transmembrane domain and the complete intracellular domain (GenBank accession no.
AY358883). The third RNA variant contains a small portion of the transmembrane domain
and the complete intracellular domain, but lacks the entire extracellular domain (GenBank
accession no. AK098312). To evaluate the function of these IL-20R1 splice variants, we
cloned and expressed their corresponding cDNAs in several cell lines that do not normally
express these receptors. Only expression of the full-length 3.6 kb gene variant reconstituted
IL-26 responsiveness in the human embryonic kidney epithelial cell line, HEK-293. The
function(s) of the smaller 1.7 kb and 1.9 kb splice variants is unclear.
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The differential expression of the variant forms of the IL-20R1 chain is analogous to the
differential expression of variant forms of the IL-22 binding protein (IL-22BP, IL22RA2)
[47–49]. Three splice variants of the human IL22RA2 gene have been identified: one
encodes the full-length protein, a second encodes a variant that lacks the first fibronectin
type-III domain, and a third encodes a variant that incorporates an additional peptide
segment. Only the full-length protein appears to exhibit IL-22 binding activity. The two
other variants are either inactive or mediate biologic functions that have not yet been
defined.

7. The Potential Role of IL-26 in Human Autoimmune Diseases
Several groups have identified single nucleotide polymorphisms (SNPs) in or near the
human IL26 gene that are associated with increased risk of developing certain autoimmune
diseases, including multiple sclerosis (MS) and rheumatoid arthritis (RA) [50,51]. The
region between the IFN-γ (IFNG) and IL-26 (IL26) genes was originally identified by
Vandenbroeck and colleagues as a potentially important polymorphic region in patients with
MS [50]. The same group subsequently identified two SNPs, denoted D12S2510 and
D12S2511, that are strongly associated with susceptibility to autoimmune diseases such as
RA and MS in a gender-specific manner [51]. In other words, these polymorphisms in the
IL26 gene are associated with development of MS or RA in females but not in males.
Related genome-wide association studies (GWAS) by Silverberg et al. identified a SNP in
the human IL26 gene, rs2870946, that is strongly associated with development of
inflammatory bowel disease (IBD) [52]. The mechanism by which these SNPs affect
production or activity of IL-26 is currently unknown. However, it is noteworthy that a recent
report from Stephan Brand’s group in Germany showed that inflamed colonic lesions from
patients with IBD display markedly elevated expression of IL-26 mRNA [24]. The IL-26
gene expression in these patients correlated significantly with elevated expression of IL-22
and IL-8 mRNA. Together, these findings suggest that polymorphisms in the IL26 gene may
provide useful genetic markers of increased risk for development of several human
autoimmune diseases, including MS, RA and IBD. The levels of IL-26 gene expression
might also be useful in monitoring the magnitude of inflammation in such patients.

8. Conclusions and Future Directions
IL-26 is frequently co-expressed together with IL-17 and IL-22 by activated Th17 cells.
IL-26 might induce expression of a unique subset of genes in IL-26-responsive target cells.
Alternatively, IL-26 might also amplify basal expression of genes that are induced by IL-17
and/or IL-22. For example, it has been shown that IL-22 synergizes with IL-17 to markedly
up-regulate expression of many genes in primary keratinocytes [53]. Whether IL-26 can also
synergize with IL-17 and/or IL-22 to amplify gene expression remains to be investigated.

Currently, there is very little information available regarding the biological functions of
IL-26. In view of the demonstrated importance of Th17 cells in the pathogenesis of many
inflammatory diseases, additional attention should be directed at defining the functions of
IL-26. Are the biological functions induced by IL-26 similar to those induced by IL-22?
Does IL-26 synergize with IL-17 and/or IL-22 to potentiate expression of pro-inflammatory
genes in cells that express receptors for these cytokines? A recent report showed that IL-26
gene expression is elevated in inflamed colonic tissue of patients with inflammatory bowel
disease [24]. The elevated expression of IL-26 mRNA correlated strongly with elevated
levels of IL-22 mRNA. These findings provide an interesting clinical example of co-
expression of the IL-22 and IL-26 genes in a relatively common inflammatory autoimmune
disease. A fuller understanding of the biological functions of IL-26 might be derived from a
comprehensive analysis of the genes that are expressed in IL-26-responsive target cells
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following treatment with this cytokine in vitro or in vivo. To date, there have been no reports
of any microarray analyses of IL-26-responsive genes in any cell type or tissue. Such studies
would clearly expand our knowledge of the biological activities of this cytokine.

Immortalization of primary human T cells by viral transformation with Herpesvirus saimiri
induces production of IL-26 [1]. The secreted IL-26 protein can then bind and signal through
IL-26 receptor complexes (IL-20R1 + IL-10R2) to induce expression of IL-26-responsive
genes in various cell types, particularly epithelial cells. In view of the fact that viral
transformation induces expression of IL-26, it is possible that IL-26 might induce antiviral
activity in cells that express IL-26 receptors. To date, there are no published studies that
directly address this question.

Although the murine genome does not appear to contain a paralog of the IL-26 gene, mice
do express both receptor chains that are necessary to form IL-26 receptor complexes (i.e.,
IL-20R1 and IL-10R2). Consequently, it would be interesting to determine if human IL-26
can bind and signal in murine cell lines or primary mouse tissues that express the
endogenous murine IL-20R1 chain. Recombinant human IL-10 can bind and signal through
murine IL-10 receptor complexes, so it is certainly possible that the human IL-26 protein
can bind and signal via murine IL-26 receptor complexes. If it does, it will be of interest to
examine potential phenotypic changes induced by forced expression of the human IL-26
gene in a transgenic mouse model.

What are the primary biological functions of IL-26 in vivo? In view of the fact that IL-26 is
highly expressed by Th17 cells, it is possible and perhaps likely that IL-26 contributes to
pathologic conditions characterized by the presence of activated Th17 cells. If this is the
case, then it might be desirable to block IL-26 activity using specific antagonists. Such
antagonists could include neutralizing monoclonal antibodies against IL-26 or its receptor,
IL-20R1. So far, IL-26 has received only limited attention from the global research
community, however in light of the fact that this cytokine is frequently co-expressed with
IL-17 and/or IL-22 by Th17 cells, more extensive functional studies are clearly warranted.
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Figure 1.
A schematic comparison showing syntenic conservation of the IFN-γ, IL-26 and IL-22 loci
in the human (Homo sapiens) and murine (Mus musculus) genomes. Information regarding
the IFN-γ/IL-26/IL-22 locus was obtained from the NCBI map viewer for human
chromosome-12 and murine chromosome-10. The closed boxes and arrowheads denote the
positions and transcriptional orientations of the genes. The murine IL-26 gene fragments are
shown as “open” boxes because they represent a bioinformatic prediction of an incomplete
IL-26 gene. Abbreviations used: IFN-γ, interferon gamma; MDM, mouse double minute; IL,
interleukin; ψ, pseudogene.
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Figure 2.
A comparison of the deduced amino acid sequences for the IL-26 gene in several
mammalian and lower vertebrate species. Residues conserved across the sequences of
multiple species are shaded. Dashes (−) indicate gaps that were introduced for optimal
alignment. Multiple sequence alignment was carried out using Bio-edit software which uses
Clustal W [version 1.8] and BLOSUM series was used for Protein weight matrix. The
accession numbers for sequences used in this analysis are as follows: human, Homo sapiens,
GenBank accession no. EAW97181; bovine, Bos taurus, GenBank accession no.
XP_001250652; chimpanzee, Pan troglodytes, XP_001152032; rhesus monkey, Macaca
mulatta, GenBank accession no. XP_001117154; zebrafish, Danio rerio, GenBank
accession no. AAI63119; western clawed frog, Xenopus tropicalis, GenBank accession no.
ABU54058.
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Figure 3.
The IL-26 receptor complex. A. The IL-26 receptor complex is composed of two
polypeptide chains: the ligand-binding chain, IL-20R1, and the accessory receptor chain,
IL-10R2. IL-26 binds initially to IL-20R1, and then rapidly recruits the IL-10R2 chain to
complete assembly of the active receptor complex. Ligand-induced heterodimerization of
these receptor chains initiates a signal transduction cascade that results in the activation and
nuclear translocation of STAT1 and STAT3. IL-20R1 can also dimerize with another class
II cytokine receptor, IL-20R2, to generate receptors for IL-19, IL-20 and IL-24. B. IL-26
induces tyrosine phosphorylation of STAT1 and STAT3 in the human colorectal carcinoma
cell line, COLO 205. COLO 205 cells were incubated with IL-22 or IL-26 (100 ng/mL) in
the presence or absence of recombinant human IL-22 binding protein (IL-22BP) for 30
minutes at 37°C. At the end of this incubation period, whole cell lysates were prepared and
analyzed by western blotting with antibodies specific for tyrosine-phosphorylated STAT1 or
tyrosine-phosphorylated-STAT3 and total STAT1 and total STAT3.
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Figure 4.
A structure-based sequence alignment of human IL-26 (A.) and a model of the human IL-26/
IL-20R1/IL-10R2 ternary complex structure (B.). The sequence alignment was performed as
described in the text. The six main helices (A–F) are denoted in Fig. 4A, and * and #s
represent putative IL-20R1 and IL-10R2 binding residues, respectively. In the structure
shown in Fig. 4B, helices A and B are colored red and purple, respectively. Cysteine
residues are shown in yellow to denote residues that are conserved in the IL-19 sequence
and green for residues that are not. The putative position of the cell membrane is shown at
the bottom of the figure.
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Figure 5.
The IL-20R1 gene, IL20RA, encodes several RNA splice variants. Three variants of the
IL-20R1 gene can be expressed in cells that express this receptor chain. The first is the full-
length 3.6 kb transcript (GenBank accession no. NM_014432) that encodes the complete
receptor polypeptide, including both fibronectin type-III (FnIII) domains of the extracellular
region. The second is a 1.7 kb variant (GenBank accession no. AY358883) that lacks the
membrane-distal FnIII domain, but retains the membrane-proximal FnIII domain, the trans-
membrane domain, and the complete intracellular region. This variant arises as a result of
deletion of most of exon 1 and all of exon 3. The third transcript is a 1.9 kb variant
(GenBank accession no. AK098312) that lacks the entire extracellular region, but retains a
small part of the trans-membrane domain and the complete intracellular domain. This
variant arises as a result of the complete deletion of exons 1, 2 and 3. Although the full-
length (3.6 kb) transcript encodes a functional IL-26-binding protein, the functions of the
shorter 1.7 kb and 1.9 kb variants are unknown.
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