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IL-27, consisting of the subunits IL-27p28 and Epstein–Barr virus-
induced gene 3 (EBI3), is a heterodimeric cytokine belonging to
the IL-6/IL-12 family of cytokines. IL-27p28 is a four-helical cytokine
requiring associationwith the soluble receptor EBI3 to be efficiently
secretedand functionally active. Computational andbiological anal-
yses of the IL-27 binding site 1 to its receptor revealed important
structural proximities with the ciliary neurotrophic factor group of
cytokinesandhighlighted the contributionofp28Trp97, aswell asof
EBI3 Phe97, Asp210, and Glu159, as key residues in the interactions
between both cytokine subunits. WSX-1 (IL-27R) and gp130 com-
pose the IL-27 receptor-signaling complex, recruiting the STAT-1
and STAT-3 pathways. A study of IL-27 binding site 3 showed that
Trp197was crucial for the cytokine’s interactionwith gp130, but that
themutated cytokine still recognized IL-27Ron the cell surface. IL-27
exerts both pro- and anti-inflammatory functions, promoting pro-
liferation and differentiation of Th1 and inhibiting Th17 differenti-
ation. Our results led us to develop mutated forms of human and
mouse IL-27 with antagonistic activities. Using an in vivo mouse
model of concanavalin A-induced Th1-cell–mediated hepatitis, we
showed that the murine IL-27 antagonist W195A decreased liver
inflammation by downregulating the synthesis of CXCR3 ligands
and several acute phase proteins. Together, these data suggest that
IL-27 antagonism could be of interest in down-modulating acute IL-
27–driven Th1-cell–mediated immune response.
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IL-27 belongs to the IL-6/IL-12 family of cytokines (1). This family
of mediators also includes leukemia inhibitory factor, oncostatin

M, IL-11, IL-23, ciliary neurotrophic factor (CNTF), cardio-
trophin-like cytokine (CLC), neuropoietin (NP), cardiotrophin-1,
and IL-31 (2–9).
IL-27 exerts both pro- and anti-inflammatory functions (10–

12). This cytokine promotes Th1 differentiation by inducing the
expression of T-bet through both signal transducer and activator
of transcription 1 (STAT-1)-dependent and -independent mech-
anisms in the early stages of the immune response (13–15). IL-27
also displays an in vivo suppressive dominant role by down-
modulating differentiation of the proinflammatory Th17-cell
subset and inducing IL-10 secretion (16–18). Similarly, IL-27 can
control parasitemia by suppressing Th2 responses through the
STAT-1–mediated down-regulation of GATA-3 expression (14).
Recently, IL-27 has been associated with T cell-mediated hep-
atitis in an acute liver injury model (19).
IL-27 is a heterodimer composed of a cytokine subunit, IL-

27p28, and a soluble receptor, Epstein–Barr virus (EBV)-induced
gene 3 (EBI3) (1, 20). Similar associations are also observed for
the IL-12, IL-23, CNTF/soluble CNTF receptor α, and CLC/
cytokine-like factor (CLF) composite cytokines (1, 4, 8, 20–22).
IL-27p28 is a “long-chain” cytokine with a four-helix bundle fold;
these four helices are named A–D from the N terminus to the
C terminus (23). The EBI3 structure consists of a tandem pair

of modified fibronectin type III (FnIII) domains named the
cytokine-binding domain (CBD). This domain typically contains
two pairs of cysteine residues involved in disulfide bridge for-
mation and a characteristic WSXWS signature motif (24). The
IL-27 receptor complex is composed of the gp130 and IL-27R
transducing chains (25, 26). Binding of IL-27 to its heterodimeric
receptor complex leads to the intracellular recruitment and ac-
tivation of the Janus kinase (JAK)/STAT-1 and STAT-3 path-
ways (26).
The IL-6/IL-12 family of cytokines bind to their receptors

through three independent contact sites numbered 1–3 by anal-
ogy with growth hormone and IL-6 (27, 28). Site 1 is composed
of residues from the C-terminal parts of the AB loop and the αD
helix (29). The counterpart of this binding site on the receptor
α-chain involves loops located at the boundary of the two FnIII
domains composing the CBD (22, 30). Cytokine binding site 2 is
typically composed of solvent-exposed residues of the αA and αC
helices and forms a contact site with a first signaling receptor
chain. Site 3 is located at the N terminus of the αD helix and
engages an Ig domain of a second signaling receptor, identified
as gp130 in the case of IL-27.
Using a combination of computational structural analysis, site-

directed mutagenesis, biochemical analyses, and functional bi-
ology approaches, we identified the IL-27p28 binding sites in-
volved in the recruitment of its different receptor subunits. On
the basis of cytokine structural analysis, we designed a mutated
form of IL-27 with antagonistic and protective properties in a
mouse model of T cell-mediated hepatitis.

Results
Sequence Analysis of IL-27. To identify residues involved in the
contact sites between both IL-27 subunits as well as with its re-
ceptor components, we first performed structure-based multiple
sequence alignments. IL-27p28 and EBI3 were aligned to ortho-
logs and paralogs of cytokines and receptors belonging to the IL-6/
IL-12 family (Fig. 1).
We first analyzed the C-terminal part of the AB loop and the

αD helix of IL-27p28 to determine a potential binding site 1. We
searched for conserved amino acid motifs identified within
the binding site 1 reported for IL-6, IL-11, CNTF, CLC, and NP
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(30–35). Interestingly, the Trp97 located in the AB loop of IL-
27p28 is conserved with Trp64, Trp85, and Trp94 in CNTF, NP, and
CLC, respectively. In previous studies, we demonstrated the key
contribution of these residues for binding site 1 of this cytokine
subgroup (Fig. 1A) (33, 34). Additional residues contributing to
CNTF, NP, and CLC binding site 1 have been identified. They are
part of an RXXXD motif located in the C-terminal part of their
αD helix (Arg171 and Asp175 in CNTF, Arg190 and Asp194 in NP,
and Arg197 and Asp201 in CLC) (33, 34). Interestingly, an equiv-
alent RXXXE motif is conserved in the αD helix of human IL-
27p28 (Arg216 and Glu220). In addition, the RXXXD motif is
strictly conserved across all of the other IL-27p28 orthologs that
we studied. This analysis clearly shows that IL-27p28, CNTF,
CLC, and NP share conserved residues within their binding site 1.
Next, we studied EBI3 to identify a putative counterpart to the

IL-27p28 site 1. Mutational analyses of interface residues pre-
viously carried out on IL-6Rα, IL-12p40, and CNTFRα allowed
the identification of several hot-spot residues in the loops con-
necting the E and F, B′ and C′, and F′ andG′ β-strands (22, 30, 32,
34). These amino acids were highlighted in the multiple sequence
alignment (Fig. 1B), and we analyzed residue conservation be-
tween EBI3 and these three related α-chains. The EF and B′C′
loops of EBI3 are conserved with those of CNTFRα (Fig. 1B).
Interestingly, EBI3 Phe97, located in the EF loop, is conserved
with CNTFRα Phe172, a residue that we previously identified as
the binding hot spot for CNTFRα cognate ligands (34).
Site 2 identifies a region of interaction between IL-27p28 and

IL-27R (28). This motif is less prominent and consists of exposed
surfaces of αA and αC helices with multiple discrete and weak
interaction points for IL-27R. A number of candidate residues in
IL-27p28 were identified but not further analyzed (Fig. S1).
For IL-27p28, we also identified a residue potentially involved

in its binding site 3 by homology with IL-6. Site 3 engages the Ig-
like domain of gp130 in IL-6 and IL-27 receptor interactions.
Crystallographic and mutagenesis studies have identified a tryp-
tophan (IL-6 Trp185) as the key residue mediating IL-6 site 3
interaction with gp130 (26, 28, 30, 36). This tryptophan residue is
conserved in IL-27p28 (IL-27p28 Trp197) (Fig. 1A).
In addition, the CD loop of IL-27p28 contained a stretch of 13

consecutive glutamic amino acid residues, which is unique and
may be involved in the functional activity of the cytokine.

Molecular Modeling and Docking of IL-27p28 and EBI3. We sub-
sequently built a model of the human p28/EBI3 composite cy-
tokine by homology molecular modeling based on the multiple
sequence alignments shown in Fig. 1. Due to the low sequence
similarity throughout the IL-6/IL-12 cytokine family, HHpred
software was used to determine the nearest template to use for
IL-27p28, with the CNTF structure being retained. To improve
the refinement of IL-27p28 site 3, the IL-6 structure was also
punctually used. Due to its unique amino acid composition, the
IL-27p28 CD loop containing the 13-glutamic-amino-acid stretch
was de novo-modeled and integrated into the helical core of
the protein.
Interactions were predicted using a rigid body docking algo-

rithm, and constraints were based on surface complementarities
of both proteins (Fig. S1). A ribbon representation of an IL-27
energy-minimized complex is presented in Fig. 2A. The IL-27p28
structure model adopts a four-helix bundle fold, with two addi-
tional short α-helices located in the AB loop of the cytokine
subunit. The short α-helix located in the C-terminal end of the
AB loop is involved in IL-27p28 site 1 and allows for the correct
orientation of the Trp97 side chain. The Arg216 and Glu220 resi-
dues are involved in hydrogen bonds with Trp97 and stabilize its
side chain in a solvent-exposed conformation (Fig. 2C).
The predicted IL-27p28/EBI3 interface is divided into two

areas with distinct hydrophobic and polar properties. An aromatic
cluster containing EBI3 Phe97 and IL-27p28 Trp97 dominates the
hydrophobic area. Charged residues involved in a salt bridge
network characterize the polar area. The positively charged sur-
face of IL-27p28 is composed of arginine residues (Arg55, Arg67,
andArg219); these amino acids are located on the A andD helices.
EBI3 Glu124, Glu159, and Asp210 form a negatively charged sur-
face, which is the counterpart of the IL-27p28 positively charged
area (Fig. S1). Interestingly, the interface between IL-27p28 and
EBI3 mimics the interaction of CNTFRα with its different ligands
(34). Moreover, the conserved phenylalanine in the EF loop of
CNTFRα interacts with the conserved tryptophans located in the
AB loop of its cognate ligands and is also surrounded by polar
interactions between negatively and positively charged amino
acids (34).
Importantly, IL-27p28 Trp197, located in binding site 3 at the

tip of the predicted cytokine structure, is solvent-exposed and

Fig. 1. Structure-based multiple
sequence alignments of IL-27p28
and EBI3 with paralogs belonging
to the IL-6 family of cytokines. (A)
Multiple sequence alignments of
IL-27p28 with cytokines of the IL-6/
IL-12 family. (B) Multiple sequence
alignments of EBI3 with receptors
of the IL-6/IL-12 family. Black-
background letters indicate con-
served or type-conserved amino
acids according to the BLOSUM45
matrix; 80%-conserved residues are
shaded in gray. The NP sequence is
the mouse sequence, and the other
sequences are human. The assign-
ment of the secondary structure of
IL-27p28 and EBI3 as predicted by
Psipred is shown. Red-shaded let-
ters indicate residues implicated in
the IL-27-p28, CNTF, CLC, and NP
binding site 1 and its counterparts
in EBI3 and CNTFRα. Pink-shaded
letters highlight residues impli-
cated in IL-27p28 and IL-6 binding site 3. Blue-shaded letters indicate residues whose substitution by alanine affected the cytokine and receptor
binding site 1 according to the literature.
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can potentially recruit the gp130-signaling receptor (Fig. 2B
and below).

Site-Directed Mutagenesis of IL-27 Site 1. On the basis of the above
observations, residues potentially involved in the IL-27p28/EBI3
interaction were selected, and the following mutations were in-
troduced: IL-27p28 W97A, EBI3 F97A, EBI3 E159A, and EBI3
D210A. For protein identification, wild-type (WT) and mutated
forms of IL-27p28 were tagged with a V5 epitope tag followed by
a His tag, and EBI3 WT and mutant forms were tagged with
a Flag epitope tag.
To be secreted and functionally active, human IL-27p28

requires association with EBI3 (1). We therefore tested the ca-
pacity for interaction between the IL-27 subunits by coexpressing
their WT and mutant forms in mammalian cells. Corresponding
cell lysates and culture supernatants were then analyzed for the
presence of each protein by Western blot analyses. Fig. 3 shows
that the IL-27p28 W97A mutation disrupts the formation and
secretion of the heterodimeric cytokine, confirming the predicted
contribution of Trp97 to the IL-27p28/EBI3 interaction. Similarly,

mutant forms of EBI3 revealed the importance of the Phe97 and
Asp210 residues for the stability of the IL-27 heterodimer. Con-
tribution of the Glu159 residue to the site 1 interaction appeared
less critical. These results are in accordance with our predictions
and underline the key role of site 1 residues in heterodimer for-
mation and secretion.

Site-Directed Mutagenesis of IL-27 Site 3. Subsequently, we studied
the predicted IL-27 binding site 3. For this purpose, a W197A
mutation was introduced into IL-27p28, and this mutant form
was tested using the approach described above. Significantly, the
W197A IL-27p28 mutant was still able to interact with EBI3 as
a stable secreted hetero-complex, as detected by Western blot in
Fig. 4A. This observation confirmed that Trp197 was not involved
in the cytokine binding site 1 and that the W197A mutation did
not significantly alter IL-27p28 folding and structure.
We next determined the ability of the W197A IL-27p28/EBI3

composite cytokine to bind IL-27R through its site 2. For this
purpose, a histidine-tagged soluble form of IL-27R was incu-
bated with the W197A mutant. Interactions between the modi-
fied composite cytokine and IL-27R were then monitored by
coimmunoprecipitation. The W197A mutation did not abrogate
IL-27 interaction with IL-27R, suggesting that the mutation did
not affect the cytokine binding site 2 (Fig. 4B).
To further investigate the biological activities of the IL-27

heterodimer mutant, we engineered tagged fusion proteins (1,
37) (hyper IL-27) by linking the EBI3 chain to the IL-27p28
W197A mutant or to WT IL-27p28. WT and mutant hyper IL-
27s were incubated with EB1, an EBV-transformed B-cell line
that spontaneously expresses the IL-27 bipartite receptor. Cy-
tokine binding to the cell surface was then monitored by flow
cytometry, and similar levels of fluorescence intensity were
detected for both WT and mutant variants, indicating that our
modified form of IL-27 was still able to bind to the surface of the
target cell (Fig. 4C).
We wanted to determine whether the W197A mutant could

recruit the STAT-3 signaling pathway. Experiments were carried
out using EB1 cells and the erythroleukemia cell line, TF1, also
expressing both IL-27 receptor components. A clear induction of
STAT-3 Tyr phosphorylation was observed when the cells were
incubated in the presence of the WT cytokine, but no STAT-3
phosphorylation could be detected in response to W197A IL-27
(Fig. 4D). Identical results were obtained with STAT1.
In a similar vein, we studied the proliferation of the TF-1 cells

in response to both WT and mutant IL-27. As expected, TF1
cells showed no proliferation in the presence of the mutated
form of the composite cytokine whereas a clear signal was ob-
served with the WT form (Fig. 4E).
Taken together, these results indicate that, despite its binding

to IL-27R, the W197A mutant form of IL-27 fails to activate the
bipartite IL-27 receptor and initiate subsequent signaling events.
Finally, to evaluate a putative functional role for the 13-

glutamic-amino-acid repeat, this sequence was deleted from the
IL-27p28 CD loop. The ΔE13p28 mutant was coexpressed either
with EBI3 using an IRES vector or as a fusion protein linking to
the EBI3 moiety. The results obtained showed an almost total
extinction of secretion of the composite cytokine when both
subunits were expressed together, indicating that the E13 stretch
contributed to the folding and/or to the recognition of p28 by
EBI3 (Fig. S2 A–C). Interestingly, the ΔE13 hyper IL-27 was well
secreted as a fusion protein but failed to bind to its receptor
complex in contrast to the parental hyper IL-27, reinforcing the
idea of a p28 partial denaturation when the motif is deleted
(Fig. S2).

Antagonistic Activities of Human W197A IL-27. Previous studies de-
scribed the development of nonsignaling interleukin antagonist
molecules (38, 39). For cytokines related to IL-27, it has been

Fig. 2. Molecular modeling of IL-27. (A) Ribbon representation of IL-27: IL-
27p28 and EBI3 are in cyan and pink, respectively. (B) Close-up view of the
putative binding site 3 showing predicted hot-spot residue of IL-27p28. (C)
Close-up view of the predicted binding site 1 showing the interacting resi-
dues at the interface of IL-27p28 and EBI3. Green residues are aromatic
amino acids, blue residues are positively charged, and red residues are
negatively charged.

Fig. 3. IL-27/EBI3 binding site 1 study. Cell supernatants were harvested
48 h after transfection, and immunoprecipitations were performed using an
anti-Flag mAb. Western blots were performed either directly on culture
supernatant and lysates or after an immunoprecipitation step using an ap-
propriate antibody.
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well documented that selective mutation of key residues could
abrogate binding to site 3 while maintaining binding to sites 1
and 2 (40). We therefore tested the W197A mutant’s ability to
compete for receptor binding with the WT form of the cytokine.
For this purpose, EB1 cells were incubated with WT IL-27 alone
or with both IL-27 and varying amounts of W197A protein (Fig.
5 A and B). Cell-surface binding of WT IL-27, tagged with
a histidine epitope, was monitored by flow cytometry. The pres-
ence of W197A IL-27 led to a near-complete inhibition of WT
IL-27 binding at the highest concentration of mutant tested
(representing a 400-fold molar excess over WT).
Additional experiments were carried out to characterize the

properties of the W197A IL-27 antagonist using TF-1 cells. Sim-
ilar to the observations above, increasing concentrations of
W197A IL-27 progressively decreased the cell proliferation and
STAT-1/STAT-3 tyrosine phosphorylation observed in response
to IL-27 (Fig. 5 C and D). These data demonstrate that W197A
IL-27 behaves as an antagonist to WT IL-27 in vitro.

Antagonist Activities of Mouse W195A IL-27. We subsequently pro-
duced a mouse equivalent of human hyper W197A IL-27 and
studied its neutralizing effects in vivo. For this purpose Trp195,
corresponding to the Trp197 residue in humans, was substituted by
alanine in the mouse sequence. First, we determined the antago-
nistic capacity of theW195Amurine hyper construct to neutralize
IL-27–induced signal transduction using mouse splenocytes. We
observed that increasing mutant concentrations inhibited the in-
duction of STAT-1 and STAT-3 phosphorylation (Fig. 6A).
As IL-27 was recently shown to play a central pathogenic role in

the concanavalin A (ConA) model of Th1-cell–mediated liver
injury, we tested W195A IL-27 as an antagonist in this model. A
significant increase in circulating levels of IL-27was detected upon
ConA administration, in agreement with the Siebler et al. study
(Fig. 6B) (19), as well as a marked induction of liver proin-
flammatory cytokines (Fig. 6C). From a high-throughput screen-
ing assay, we determined that liver transcripts of the Th1 cell
chemokines CXCL9 and CXCL10 were extremely sensitive to
ConA treatment (Fig. 6D). Four hours after injection of ConA,
or of W195A IL-27 plus ConA, liver RNAs were extracted and
expression of both chemokines was determined. The results
obtained showed a clear reduction in CXCL9 and CXCL10
transcription levels in mice treated with W195A IL-27 (Fig. 6 D
and E). In addition, the induction of expression of the acute
phase proteins (serum amyloid A) SAA3 and C-reactive protein

were significantly reduced after treatment, whereas expression
of other acute-phase reactants, such as SAA1, which are mainly
driven by IL-1, IL-6, and TNFα (41), remained insensitive to the
injection of W195 IL-27 (Fig. 6D).
In conclusion, the W195A mutated form of IL-27 was able to

antagonize the endogenous wild-type form of the cytokine in vivo
in a model of Th1-cell–mediated liver injury and to subsequently
neutralize part of the liver proinflammatory cascade.

Fig. 5. Antagonistic activities of W197A IL-27. (A) Inhibition of WT IL-27-His
binding on cells by W197A IL-27. After a preincubation step with 600 ng of
W197A IL-27 for 30 min at 4 °C, 2 ng of WT IL-27 was added to EB1 cells for
30 min more. IL-27 binding was detected by flow cytometry using an anti-His
mAb. (B) The same experiment was repeated by preincubating EB1 cells with
increasing concentrations of W197A IL-27, and IL-27 binding was measured
by flow cytometry. Fluorescence intensity means were then plotted against
W197A IL-27 concentrations to determine its dose-dependent antagonistic
effect. (C) TF1 cell line proliferation analysis. Cells were grown in the pres-
ence of 10 ng/mL of IL-27 or 0.5 ng/mL of IL-6 and W197A IL-27 serial dilu-
tions. (D) Inhibition of STAT-1 and STAT-3 phosphorylation by W197A IL-27.
TF-1 cells were preincubated with increasing concentrations of W197A IL-27
(0.25–4 μg/mL) and were activated for 10 min with 10 ng/mL of WT IL-27. As
control, cells were preincubated with 4 μg/mL of W197A IL-27 and activated
with 5 ng/mL of IL-6.

Fig. 4. Effects of the W197A mutation on IL-27 secretion,
interaction properties, and biological activities. (A) Secretion
and interaction of W197A IL-27p28 with WT EBI3. Cos-7 cells
were transfected with the WT or mutated form of IL-27p28
and with WT EBI3. Western blot was performed after an im-
munoprecipitation step using an anti-Flag mAb or on cell
lysates. (B) Interaction of WT and W197A EBI3-p28-protC with
soluble IL-27R. A soluble form of IL-27R-His was incubated with
WT or mutant EBI3-p28protC. After an IL-27R immunoprecip-
itation step, IL-27p28 association was detected using the anti-
ProtC mAb. (C) Binding of hyper WT (black histogram) or hy-
per W197A IL-27 (red histogram) on EB1 cells was analyzed by
flow cytometry. The control histogram is in gray. (D) STAT-3
phosphorylation analysis induced by 50 ng/mL of WT or
W197A IL-27 and 5 ng/mL of IL-6 in EB1 and TF-1 cell lines. (E)
Proliferation analysis of TF-1 cell line in response to serial
dilutions of WT (□) or W197A (▲) IL-27.
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Discussion
IL-27 is a key regulator of the immune system and appears to act
as both a pro- and an anti-inflammatory cytokine (11). The dual
role of this cytokine suggests that it may be an interesting ther-
apeutic target as an immune modulator. Therefore, it is of in-
terest to design specific antagonists of IL-27 activity using small
molecules, antibodies, or engineered proteins.
IL-27 is a heterodimeric cytokine composed of the four-helical

cytokine IL-27p28 and the soluble receptor EBI3. IL-27p28 has to
be associated with EBI3 for efficient secretion and functional ac-
tivity (1). Computational and site-directed mutagenesis analyses
have shown that IL-27p28 Trp97 and EBI3 Phe97 residues form an
aromatic–aromatic interaction surrounded by salt bridges at the
cytokine–receptor interface. Similar interactions were previously
observed at the contact sites for related cytokine–receptor α-chain
complexes such as the IL-6/IL-6Rα, IL-11/IL-11Rα, IL-12p35/p40,
or IL-23p19/p40 (22, 30, 32, 42, 43). The characterization of IL-27
site 1 showed that the key aromatic residues involved in the IL-
27p28–EBI3 interaction are conserved with amino acids contribut-
ing to the interaction between CNTFRα and its three different
ligands: CNTF, CLC, and NP (31, 33, 34, 44). These structural
similarities were unexpected considering the different physiological
roles of the IL-27R and CNTFR pathways; however, we failed to
detect any interaction between IL-27p28 andCNTFR, in agreement
with the distinct tissue expressions of these two genes (1, 45, 46).
A study of IL-27 binding site 3, which engages the Ig-like

domain of gp130 (28), showed that Trp197 was crucial for this in-
teraction. By analogy with an IL-4 mutein converting the cyto-
kine to an antagonist by a single amino acid replacement (38,
39), we carried out the substitution of Trp197 with an alanine
residue. Site-directed mutagenesis of this residue led to the de-
velopment of an IL-27 antagonist. Interestingly, the equivalent
residue in CNTF has previously been substituted to generate
a mutant neutralizing the CNTF receptor pathway (47). The pre-
sent study indicates that a similar approach can be used to inhibit
IL-12–type composite cytokines.

A recent publication reported the association of p28 with the
soluble cytokine receptor CLF to form another composite re-
ceptor structurally related to IL-27 (48). It would be inter-
esting to identify the nature of the contact site(s) involved in
the p28–CLF interaction, as well as the possibility that the present
IL-27 antagonist can also neutralize this newly described com-
posite cytokine.
IL-12 family members play essential roles in the regulation of

T-helper-cell differentiation. IL-27 is unique in that it induces
Th1 differentiation and suppresses Th2 and Th17 immune
responses. In IL-27R–deficient mice, the hyper-production of
various proinflammatory cytokines was reported, concomitant
with severe inflammation in affected organs (16–18, 25, 49–52).
Furthermore, the study of Siebler et al. demonstrated that IL-27
acted very early in a ConA model of Th1-cell–mediated liver in-
jury, in agreement with the pro-Th1 activity of IL-27 (1, 19). We
have shown that our IL-27 antagonist can moderate liver in-
flammation by down-regulating the synthesis of CXCR3 ligands,
as well as a subset of acute-phase proteins.
In conclusion, we have identified the key residues contributing

to IL-27 binding sites 1 and 3 on the basis of computational
predictions. The results obtained underline the structural simi-
larities between the CNTF cytokine subgroup and IL-27. Our
data allowed us to develop an antagonist for IL-27 as a tool to
study models of acute immune diseases and Th1-cell polarization.

Materials and Methods
Sequence Alignments and Molecular Modeling. Sequence alignments and
protein modeling were performed using T-Coffee and Modeler, respectively
(34, 44). Models were energy minimized with Profiles-3D and Procheck
softwares (SI Materials and Methods). Models will be made available
upon request.

Site-Directed Mutagenesis and Quantitative PCR. Hyper IL-27 constructs were
generated by linking EBI3 cDNA with an oligonucleotide encoding a (G4S)2
polypeptide in 3′ and cloning it into a pcDNA3.1 vector (Invitrogen) be-
fore an insertion of IL-27p28 cDNA. P28 and EBI3 bicistronic expression was

Fig. 6. Antagonistic activities of mouse
W195A IL-27. (A) Inhibition of STAT-1 and
STAT-3 phosphorylation by W195A mIL-27.
Mouse splenocytes were preincubated with
increasing concentrations of W195A mIL-27
(0.25–4 μg/mL) and were activated for 10 min
with WT mIL-27 (10 ng/mL). As control, cells
were preincubated with 4 μg/mL W197A mIL-
27 and then activated with 5 ng/mL mIL-6. (B)
Mouse ConA treatment. After 4 h, blood was
collected, and mIL-27 was ELISA-quantified in
the serum. (C) Mice were treated with a 3-mg/
kg ConA injection. After 4 h, the liver was re-
moved, the RNAs were extracted, and ex-
pression of IL-1α, TNFα, IFNγ, and IL-6 was
analyzed by qPCR. Results are expressed in rel-
ative quantity normalized with housekeeping
genes. (D) Mice received a first injection of
200 μg W195A mIL-27 or PBS in the tail vein
before a ConA injection 15 min later. RNA ex-
traction was carried out at 4 h, as described in B
andC. Expression of chemokines, cytokines, and
acute-phase proteins was determined by qPCR.
(E) Dose–response effect of W195A IL-27. In-
creasing concentrations of W195A IL-27 were
injected to mice. The samples were handled
and analyzed as in C and D.
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carried out using the pIRES vector (Clontech). For quantitative PCR (qPCR),
RNAs were reversed-transcribed using random hexamer primers and Su-
perScript II reverse transcriptase. The ΔCt method was used for quantifica-
tion (SI Materials and Methods).

Cells, Reagents and Protein Purification, and Protein Analyses. Cos-7, HEK-293,
TF1, and EB1 cells were grown as described (2, 44). Recombinant proteins,
generated by transfecting the Cos-7 or the HEK-293 cell lines, were purified
by affinity chromatography followed by an anionic column HPLC step. Pro-
tein and cell analyses were carried out as previously described (33, 34, 44)
(SI Materials and Methods).

Mouse Model. BALB/c mice were injected with W195A mIL-27 and 3 mg/kg of
ConA as described (19) (SI Materials and Methods).
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