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Summary
Interleukin (IL)-12 is a heterodimeric pro-inflammatory cytokine, which plays a critical role in a link between
innate and adaptive immunities and in the development of type 1 cell-mediated immunity. Novel heterodimeric
cytokines IL-23 and IL-27 with structural and functional similarities to IL-12 have been identified. These novel
cytokines establish the IL-6/IL-12 family, whereas they mediate distinct cellular functions and roles, resulting in the
coordinate regulation of Th1 development and type 1 cell-mediated immunity. Recent studies have revealed that
both IL-23 and IL-27 possess a potent antitumor activity. Although IL-12 has a powerful antitumor activity against
various tumors, IL-12 therapy has been limited by its systemic toxicities. Therefore, IL-23 and IL-27 may be
alternative attractive candidates as therapeutic agents against tumors. This review summarizes recent advance on
the roles of IL-27 in immune regulation and its antitumor activity.
(Oppmann et al, 2000; Pflanz et al, 2002). Although these
novel molecules establish the IL-6/IL-12 family and have
various similarities to IL-12, they mediate distinct cellular
functions and roles, and coordinately regulate the Th1
development and type 1 cell-mediated immunity (Figure
2). IL-23 acts on memory but not naive CD4+ T cells
(Oppmann et al, 2000) and plays a critical role in
promoting a distinct T cell activation state characterized
by production of IL-17, leading to the development of
autoimmune diseases (Aggarwal et al, 2003; Cua et al,
2003; Murphy et al, 2003; Langrish et al, 2005). On the
other hand, IL-27 acts on naive but not memory CD4+ T
cells, and plays pivotal roles as a pro-inflammatory
cytokine to promote the early initiation of Th1
differentiation and also as an anti-inflammatory cytokine
to limit the T cell hyperactivity and production of proinflammatory cytokines (Villarino et al, 2004). IL-12 is
one of the most powerful antitumor cytokines and the
promising data obtained in the pre-clinical models have
raised much hope that IL-12 could be a powerful

I. Introduction
Interleukin (IL)-12 is a cytokine that plays a critical
role in the interaction between innate and adaptive
immunities (Trinchieri, 1995; Gately et al, 1998). IL-12 is
produced by antigen-presenting cells such as
monocytes/macrophages and dendritic cells (DCs) and
acts on T cells and natural killer (NK) cells by inducing
proliferation and production of cytokines, especially IFNγ, and by enhancing generation and activity of cytotoxic
lymophocytes. IL-12 is a dominant cytokine responsible
for the differentiation of T helper (Th)1 cells, which is
required for the generation of type 1 cell-mediated
immunity. More than 10 years later since IL-12 was
identified, two novel cytokines IL-23 and IL-27 with
structurally and functionally similarities to IL-12 have
been cloned by Dr. Kastelein’s group (DNAX Research
Institute, Palo Alto, CA) in 2000 and 2002, respectively,
by means of computational search in sequence databases
with a profile of IL-6 subfamily structure (Figure 1)
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therapeutic agent against cancer (Brunda et al, 1993;
Colombo and Trinchieri, 2002). However, excessive
clinical toxicity and modest clinical response in the
clinical trials have limited the IL-12 therapy (Marshall,
1995). Recently, we have demonstrated for the first time
that IL-27 has a potent antitumor activity (Hisada et al,
2004). In this review, we describe recent advance on the
roles of IL-27 in immune regulation and its antitumor
activity.

cytoplasmic region of IL-12Rβ2. The p40 subunit is also
covalently bound with a novel p35-related protein p19 to
form IL-23 (Oppmann et al, 2000). Receptor for IL-23 is
composed of one of IL-12R subunits IL-12Rβ1 and a
novel IL-12Rβ2-like receptor subunit designated IL-23R
(Parham et al, 2002). IL-23 activates STAT3 and STAT4,
and IL-23R has a binding domain for STAT4. IL-23
induces strong proliferation of memory T cells but not of
naive T cells, whereas IL-12 has no effect on memory T
cells ( Table 1) (Oppmann et al, 2000). Recent studies on
the contribution of IL-12 and IL-23 to develop
autoimmune diseases demonstrated that IL-23 rather than
IL-12 is the essential cytokine (Cua et al, 2003). In
addition, IL-23 promotes a distinct T cell activation state
characterized by production of IL-17, leading to the
development of autoimmune diseases (Aggarwal et al,
2003; Murphy et al, 2003; Langrish et al, 2005).

II. IL-6/IL-12 family cytokines
IL-12 is a heterodimeric cytokine composed of p35
and p40 subunits and plays an immunoregulatory role to
promote the type 1 cell-mediated immunity (Trinchieri and
Scott, 1995). IL-12 receptor (R) consists of two subunits
IL-12Rβ1 and β2, and IL-12 activates signal transducer
and activator of transcription (STAT)4, which binds to
Table 1. Molecular characterization of IL-12, IL-23 and IL-27

Subunit
Receptor
STAT
Responsive T cell

IL-12
p40/p35
IL-12Rβ1/IL-12Rβ2
STAT4
Naive

IL-23
p40/p19
IL-12Rβ1/IL-23R
STAT3/4
Memory

IL-27
EBI3/p28
WSX-1(TCCR)/gp130
STAT1/2/3/4/5
Naive (Early)

Figure 1. The IL-6/IL-12 family cytokines IL-12, IL-23 and IL-27. IL-27 is a unique cytokine that efficiently activates both STAT1 and
STAT3, and mediates its biological functions by selectively utilizing these STAT1 and STAT3, which bind to distinct IL-27R subunits,
WSX-1 and gp130, respectively.
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IL-27 is a heterodimeric cytokine that consists of a
newly discovered IL-12 p35-related protein p28 and an IL12 p40-related protein, Epstein-Barr virus (EBV)-induced
gene 3 (EBI3), which had been already identified as one of
molecules induced by EBV infection (Pflanz et al, 2002).
One of IL-27R subunits is the orphan cytokine receptor
WSX-1/T-cell cytokine receptor (TCCR), which has a
WSXWS sequence and is homologous to the IL-12Rβ2
subunit. Recently, gp130, a common receptor subunit for
IL-6 family cytokines, has been identified as an another
IL-27R subunit and together with WSX-1/TCCR
constitutes a functional signal-transducing receptor for IL27 (Pflanz et al, 2004). IL-27 appears to be produced early
by activated antigen-presenting cells and is able to induce
clonal proliferation of naive but not memory CD4+ T cells
(Pflanz et al, 2002). IL-27 also induces T-bet and IL12Rβ2 expression and synergies with IL-12 in interferon
(INF)-γ production (Figure 2) (Hibbert et al, 2003; Lucas
et al, 2003; Takeda et al, 2003; Kamiya et al, 2004).
Recent studies on mice lacking one subunit of IL-27R,
WSX-1/TCCR, revealed that IL-27 not only promotes the
early initiation of Th1 responses (Chen et al, 2000;
Yoshida et al, 2001), but also limits the T cell
hyperactivity and production of pro-inflammatory
cytokines (Hamano et al, 2003; Villarino et al, 2003).

III. IL-27 signaling
IL-27 is a unique cytokine that efficiently activates
both STAT1 and STAT3, and mediates its biological
functions by selectively utilizing these STAT1 and
STAT3, which bind to distinct IL-27R subunits, WSX-1
and gp130, respectively (Figure 1). IL-27 activates Janus
kinase (JAK)1, -2, TYK2, STAT1, -2, -3, -4, -5 in naive
CD4+ T cells (Table 1) (Hibbert et al, 2003; Takeda et al,
2003; Villarino et al, 2003; Kamiya et al, 2004). Tyrosine
phosphorylation of STAT1 by IL-27 is mediated through a
cytoplasmic region of WSX-1 (Takeda et al, 2003) and
required for T-bet and IL-12Rβ2 expression, resulting in
synergistic IFN-γ production with IL-12 (Kamiya et al,
2004). On the other hand, tyrosine phosphorylation of
STAT3 is considered to be mediated through a
cytoplasmic region of gp130 and presumably necessary for
IL-27-induced proliferation (Kamiya et al, 2004). Thus,
IL-27 possesses at least two signal transduction pathways;
one is to lead to T-bet expression through WSX-1 and
STAT1 activation and the other is to lead to proliferation
through gp130 and STAT3 activation. The JAK/STAT
signaling pathway is most important for mediating
biological responses induced by many cytokines (Ihle,
1996; Darnell, 1997; Leonard and O'Shea, 1998).
Selective usage of members of the JAK and STAT
families by a given cytokine receptor is considered to be
responsible for the specificity of cytokine action.
However, if two cytokines activate the same JAK/STAT

Figure 2. Coordinated regulation of Th1 differentiation by the IL-6/IL-12 family cytokines IL-12, IL-23 and IL-27. IL-27 acts on naive
CD4+ T cells prior to IL-12, IL-12 acts on activated CD4+ T cells and IL-23 acts on memory CD4+ T cells, resulting in the coordinated
regulation of development of type 1 cell-mediated immunity.
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signaling molecules, it is possible to expect similar
biological actions between them. IFN-α/β utilize JAK1,
TYK2, STAT1, and -2, and IFN-γ utilizes JAK1, -2 and
STAT1 (Fu et al, 1992; Schindler et al, 1992; Shuai et al,
1992; Velazquez et al, 1992; Muller et al, 1993; Watling et
al, 1993; Leonard and O'Shea, 1998). IL-6 activates JAK1,
-2, TYK2, STAT1 and in particular STAT3 (Lutticken et
al, 1994; Stahl et al, 1994; Heinrich et al, 1998). Notably,
these patterns are similar to those activated by IL-27
(Table 1). Therefore, IL-27 may have similar biological
actions to IFN-α/β/γ and IL-6 in STAT1- and STAT3dependent manners, respectively. Indeed, IL-27 augments
T-bet expression in T cells (Takeda et al, 2003) and
induces immunoglobulin (Ig)G2a class switching in B
cells (Yoshimoto et al, 2004) as does IFN-γ.

IV. Roles
regulation

of

IL-27

in

play a role in the early regulation of Th1 initiation,
whereas the exact role of IL-27 in Th1 differentiation and
its molecular mechanism remain unclear. Previous studies
on in vitro Th1/Th2 differentiation analyses using TCCR
(Chen et al, 2000)/WSX-1 (Yoshida et al, 2001)-deficient
CD4+ T cells and kinetic analyses on the induction of
EBI3
and
p28
mRNA
expression
in
monocytes/macrophages and DCs (Pflanz et al, 2002)
suggest that IL-27 plays an important role in the early
initiation of Th1 responses by inducing T-bet and
subsequent IL-12Rβ2 expression but inhibiting GATA-3
expression prior to the action of IL-12 emerges (Lucas et
al, 2003; Takeda et al, 2003; Kamiya et al, 2004).
Moreover, susceptibilities of WSX-1/TCCR-deficient
mice to various pathogens have been investigated. In
agreement with the in vitro studies indicating a role for IL27 in promoting the initiation of Th1 differentiation,
WSX-1/TCCR-deficient
mice
have
enhanced
susceptibility to infection with intracellular pathogens.

immune

The role of IL-27 in regulating immune response is
complex with its stimulatory and inhibitory effects
(Figure 3) (Villarino et al, 2004). IL-27 is considered to

Figure 3. Roles of IL-27 in immune regulation. IL-27 plays pivotal roles as a pro-inflammatory cytokine to promote the early initiation
of Th1 differentiation and also as an anti-inflammatory cytokine to limit the T cell hyperactivity and production of pro-inflammatory
cytokines. IL-27 may have similar biological actions to IFN-α/β/γ and IL-6 in STAT1- and STAT3-dependent manners, respectively.
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Early in infection with a protozoan parasite Leishmania
major, WSX-1-deficient mice are remarkably susceptible
to the infection showing impaired IFN-γ production and
advanced lesion development (Yoshida et al, 2001; Artis
et al, 2004). Similarly, reduced production of IFN-γ is
observed when WSX-1-deficient mice are challenged with
an avirulent strain of mycobacterium (BCG) (Yoshida et
al, 2001). TCCR-deficient mice also have increased
susceptibility to infection with Listeria monocytogenes
showing markedly reduced antigen-specific IgG2a
production, which is dependent on Th1 cells (Chen et al,
2000). However, WSX-1/TCCR is not essential to develop
the protective Th1 responses. After Leishmania major or
BCG infection, defects in pathogen-induced IFN-γ
production are transient, and as each disease progresses
WSX-1-deficient mice generate Th1 type responses and
control infection like wild-type mice (Yoshida et al, 2001;
Artis et al, 2004). Moreover, recent studies revealed that
WSX-1 can also deliver inhibitory signals to limit the
magnitude and duration of type I-mediated inflammatory
responses. WSX-1-deficient mice infected with
Toxoplasma gondii parasites generate a robust Th1
response as wild-type mice, but fail to regulate the
intensity of effector T cells responses, resulting in
hyperactive CD4+ T cells and a lethal inflammatory
cytokine production (Villarino et al, 2003). Toxoplasma
gondii promotes strong innate immune responses that lead
to systemic IL-12 levels early during infection, whereas
acute Leishmania major induces much less IL-12
production (Scott and Hunter, 2002). Therefore, key
differences between infection with Leishmania major or
BCG and that with Toxoplasma gondii might be the
induction level of IL-12 and/or the responsible cell
population; CD4+ T cells vs macrophages.
Studies on mice lacking of other IL-27/IL-27R
subunits, EBI3 and gp130, were previously reported.
Deficient mice of one of IL-27 subunits EBI3 exhibit a
reduced number of invariant (i)NKT cells and produce
much lower levels of IL-4 than wild-type mice, whereas
the production of IFN-γ is only moderately and transiently
lower than in wild-type mice (Nieuwenhuis et al, 2002).
EBI3-deficient mice are resistant to oxazolone-induced
colitis, a model mediated by Th2 cytokine production
initiated by iNKT cells, whereas they are as susceptible as
wild-type mice to a Th1-medicated colitis model induced
by trinitrobenzene sulfonic acid. These data suggest that
an EBI3-dependent factor possibly different from IL-27
might be involved in IL-4-mediated Th2 responses.
Deficient mice of the other IL-27 subunit gp130 show
embryonic lethality. However, it was shown that a mouse
line in which the negatively regulated binding site for Src
homology 2 domain tyrosine phosphatase (SHP-2) and
suppressor of cytokine signaling (SOCS)3 in gp130,
tyrosine 759, is mutated to phenylalanine, gp130F759/F759,
spontaneously develop a rheumatoid arthritis (RA)-like
joint disease (Atsumi et al, 2002).
Several studies which support a role of IL-27 in the
augmentation of type 1 cell-mediated immunity have been
reported. IL-12 is well known to possess a strong adjuvant
activity, Matsui et al, (2004) have evaluated the adjuvant
activity of IL-23 and IL-27 in the prime-boost

immunization consisting of priming and the first boosting
with the hepatitis C virus (HCV) core expression plasmid,
followed by a second boosting with recombinant
adenovirus expressing HCV core. Coadministration of
either an IL-23 or IL-27 expression plasmid in the primeboost immunization enhances induction of HCV-specific
cytototoxic T lymohicytes (CTLs) and leads to dramatic
increases in the numbers of IFN-γ-producing HCVspecific CD8+ T cells, indicating that IL-23 and IL-27
have a potent adjuvant activity for the induction of HCVspecific CTLs. Yoshimoto et al, (2004) have evaluated the
role of IL-27 in B cells and demonstrated that primary
spleen B cells express functional IL-27R and that the
stimulation of these B cells by IL-27 induces T-bet
expression and IgG2a, but not IgG1, class switching in
STAT1-dependent but IFN-γ-independent manner. In
contrast, IL-27 inhibits IgG1 class switching induced by
IL-4 in activated B cells. The IL-27-induced IgG2a class
switching is highly dependent on T-bet in response to Tindependent stimuli such as LPS. Thus, IL-27 may be a
novel candidate as a therapeutic agent against diseases
such as allergic disorders by not only regulating Th1
differentiation but also directly acting on B cells and
inducing IgG2a class switching. Moreover, it has been
very recently demonstrated that neutralizing the in vivo
function of IL-27 by antibody against p28 suppresses not
only development of autoimmune diseases such as
adjuvant-induced arthritis and experimental autoimmune
encephalomyelitis (EAE) but also their ongoing diseases
(Goldberg et al, 2004a, b). These results suggest that IL-27
affects not only naive T cells undergoing antigen-specific
activation, but also effector/memory Th1 cells, although
IL-27 has been considered to be involved only in the
initiation of Th1 differentiation. Further studies are
necessary to explain the difference.

V. Antitumor activity of IL-23
Since IL-23 has structural and functional similarities
to IL-12, which is one of the most powerful antitumor
cytokines in vivo, it was expected that IL-23 might be an
attractive candidate as an antitumor agent. Wang et al,
(2003) examined whether murine colon carcinoma cells
colon 26 (C26) that are retrovirally transduced with the
p19-linked p40 gene (C26-IL-23) can produce antitumor
effects in inoculated mice. The growth of C26-IL-23
tumors developed in immunocompetent mice is
significantly retarded and the tumors disappear thereafter.
Spleen cells from the mice that received C26-IL-23 cells
produce significant amounts of IFN-γ, when they are
cultured with irradiated C26 tumors but not irrelevant
cells. Depletion of CD8+ T cells suppresses the production
of IFN-γ. The mice that have rejected C26-IL-23 tumors
are resistant to subsequent challenge of parent but not
irrelevant tumor cells. C26-IL-23 tumors are not rejected
in nude mice but the growth is retarded compared to
parent tumors. Treatment of nude mice with antiasialoGM1 antibody dose not influence the growth of
C26-IL-23 tumors.
Lo et al, (2003) also reported on the antitumor
activity of IL-23 using murine CT26 colon
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adenocarcinoma and B16F1 melanoma cells, which are
engineered using retroviral vectors to release scIL-23.
scIL-23-transduced CT26 cells grow progressively in
immunocompetent mice until day 26, then the tumors start
to regress in most mice, resulting in a final 70% rate of
complete tumor rejection. scIL-23 transduction also
significantly suppresses lung metastases of CT26 and
B16F1 tumor cells. In addition, mice that rejected scIL-23transduced tumors develop a memory response against
subsequent wild-type tumor challenge. Compared with
scIL-12-expressing CT26 cells, scIL-23-transduced tumors
lack the early response, but achieve comparable antitumor
and antimetastatic activity. Tumor challenge studies in
immunocompromised hosts and in mice selectively
depleted of various lymphocyte populations revealed that
CD8+ T cells, but not CD4 + T cells or NK cells, are crucial
for the antitumor activity of IL-23.
Taken together, these studies suggest that expression
of IL-23 in tumors induces T cell-dependent antitumor
effects and systemic protective immunity like that of IL12.

effects such as splenomegaly and liver injury with
elevated serum glutamic-oxaloacetic transaminase (GOT)
and glutamic-pyruvic transaminase (GPT) activities and
intensive mononuclear cell infiltration into liver were not
observed (unpublished observation), which are seen with
IL-12 treatment (Car et al, 1995; Ryffel, 1997; Car et al,
1999). Further studies with systemic administration of IL27 and detailed analyses in other organs are necessary to
determine the absence or presence of adverse effects in the
IL-27 treatment.

B. Murine neuroblastoma TBJ
Recently, Salcedo et al, (2004) have also reported
that IL-27 exerts a potent antitumor activity in vivo using
TBJ neuroblastoma cells, which are engineered to
overexpress scIL-27 (TBJ-IL-27). TBJ-IL-27 tumors show
markedly delayed growth compared with control mice,
and complete durable tumor regression is observed in
>90% of mice bearing either s.c. or orthotopic intraadrenal tumors, and in 40% of mice bearing induced
metastatic disease. The majority of mice cured of TBJ-IL27 tumors are resistant to tumor rechallenge. Furthermore,
TBJ-IL-27 tumors are heavily infiltrated by CD8+ T cells.
Draining lymph node-derived lymphocytes from mice
bearing s.c. TBJ-IL-27 tumors are primed to proliferate
more readily when cultured ex vivo with anti-CD3/antiCD28 compared with lymphocytes from mice bearing
control tumors, and to secrete higher levels of IFN-γ. In
addition, marked enhancement of local IFN-γ gene
expression and potent up-regulation of cell surface MHC
class I expression are noted within TBJ-IL-27 tumors
compared with control tumors. Functionally, these
alterations occur in conjunction with the generation of
tumor-specific CTL reactivity in mice bearing TBJ-IL-27
tumors, and the induction of tumor regression via
mechanisms that are critically dependent on CD8+, but not
CD4+ T cells or NK cells.
Collectively, these two studies clearly indicate that
IL-27 could be applied therapeutically to potentiate the
host antitumor immune response in patients with
malignancy.

VI. Antitumor activity of IL-27
A. Murine colon carcinoma 26
Since IL-27 has several similarities to IL-12 and
plays a role in the initiation of Th1 differentiation, Hisada
et al, (2004) have evaluated the antitumor activity of IL-27
against a murine tumor model of colon carcinoma colon
26 (C26) and revealed that IL-27 possesses a potent
antitumor activity. C26 tumor cells, which are transduced
with the single-chain (sc)IL-27 cDNA and become
secreting IL-27 (C26-IL-27), exhibit a minimal tumor
growth in vivo, and all mice inoculated with these tumor
cells survive with a complete tumor remission. Inoculation
of mice with C26-IL-27 tumors induces enhanced IFN-γ
production and CTL activity against C26 tumors in spleen
cells. Recovered mice from the inoculation show a tumorspecific protective immunity to the following challenge
with parental C26 tumors. The antitumor activity of IL-27
is almost diminished in nude mice, and depletion of CD8+
T cells and neutralization of IFN-γ in immunocompetent
mice reduce the antitumor activity. Moreover, the
antitumor activity is abolished in T-bet-deficient mice,
while unexpectedly it is still observed in STAT4-deficient
mice. These results suggest that IL-27 has potent abilities
to induce tumor-specific antitumor activity and protective
immunity, and that the antitumor activity is mediated
through mainly CD8+ T cells, IFN-γ, and T-bet, but not
STAT4.
IL-27 acts on naive CD4+ T cells and regulates only
the initiation phase of Th1 responses but not the induction
and maintenance phases of effector Th1 responses (Chen
et al, 2000; Yoshida et al, 2001; Pflanz et al, 2002; Takeda
et al, 2003). This is a contrast to IL-12 that is involved in
the induction and maintenance phases of effector Th1
responses, therefore presumably sometimes leading to the
excessive toxicity in vivo (Car et al, 1995; Marshall, 1995;
Ryffel, 1997; Car et al, 1999). Thus, it might be possible
to expect the lower toxicity in the treatment with IL-27.
Indeed, during the IL-27 treatment, any apparent adverse

VII. Conclusion
Effective eradication of established tumors and
generation of a long-lasting systemic immune response
with a simple delivery system are important goals for
cancer immunotherapy. Cytokines are the most widely and
extensively studied immunostimulatory agents in the
cancer therapy (Leroy et al, 1998). For clinical application,
local and systemic administration of IL-12 protein has
been studied in various murine models (Rakhmilevich et
al, 1996; Tahara et al, 1996; Leroy et al, 1998; Watanabe
et al, 1999) and in Phase I/II human trials (Golab and
Zagozdzon, 1999; Rook et al, 1999). However, IL-12
therapy has been limited by systemic toxicities such as
hepatomegaly,
splenomegaly,
leucopenia,
myelodepression, lung edema, and gastrointestinal toxicity
(Car et al, 1995; Marshall, 1995; Ryffel, 1997; Car et al,
1999). Therefore, application of other novel cytokines
with potent antitumor activity but devoid of systemic
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toxicity is an alternative immunotherapeutic approach.
Thus, recently identified novel members of the IL-6/IL-12
family, IL-23 and IL-27, which play pivotal roles in the
coordinated regulation of Th1 differentiation and type 1
cell-mediated immunity, could be attractive candidates as
an agent applicable to the cancer therapy.
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