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Cloning and Characterization of a New Isoform of Mouse Interleukin-18
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Abstract        Interleukin-18 (IL-18) is a novel proinflammatory cytokine with potent interferon (IFN)-γ
inducing activity that plays an important biological role in the enhancement of the activity of natural killer cells
and cytotoxic T lymphocytes. In this study, we have identified a novel short form of IL-18 in mouse, named
IL-18s. IL-18s might be an alternative splicing variant of IL-18 and its cDNA contains a 57 bp in-frame
deletion. Like IL-18, IL-18s is also widely expressed in mouse tissues. It was suggested that IL-18s might
have a caspase-1-dependent mechanism for maturation and secretion similar to that of IL-18: when transfected
in COS-7 cells, pro-IL-18s (22 kDa) could be detected, and the mature IL-18s (16 kDa) could also be detected
when combined with caspase-1. We observed that recombinant mouse IL-18s did not show any IL-18-like
function, and IL-18s could enhance the ability of IL-18 to increase IFN-γ production by approximately 40%
in mouse splenocytes. This effect was observed primarily at relative low concentrations of IL-18, suggesting
that IL-18s might regulate the activity of IL-18 in the physiological conditions.
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Interleukin-18 (IL-18), originally identified as an
interferon (IFN)-γ inducing factor, was first isolated from
the livers of mice stimulated with Propionibacterium acnes
and lipopolysaccharide (LPS) [1]. IL-18 is a potent pro-
inflammatory cytokine that induces IFN-γ production in
T cells and natural killer (NK) cells [2], enhances the Fas
ligand and perforin-mediated T cell and NK cell cytotoxicity
[3−8], and plays a critical role in the T-lymphocyte helper
type 1 response [8]. IL-18 also induces expression of GM-
CSF, inflammatory cytokines (e.g., tumour necrosis
factor-α, IL-1β and IL-13), and chemokines, such as IL-8,
macrophage inflammatory protein (MIP)-1α and MIP-1β
[2,10−12].

IL-18 is structurally related to IL-1β and has been shown
to be a member of the IL-1 superfamily [13,14].
Furthermore, the IL-18R complex consists of a ligand-bind-
ing subunit (IL-18Rα) and a signaling subunit (IL-18Rβ),
both of which are members of the IL-1R family [15−17].

Like IL-1β, IL-18 is synthesized in its precursor form,
proIL-18, which requires caspase-1 cleavage to become a
biologically active molecule [18−20]. However, unlike
IL-1β, IL-18 mRNA is expressed constitutively in many types
of cells and IL-18 protein is stored in the producing cells
as a biologically inactive precursor, which is partly due to
the particular structure and characteristics of the IL-18
gene [21−24]. LPS can induce the upregulation of IL-18
mRNA and the secretion of mature IL-18 by the activation
of caspase-1 [20−22]. In addition, the activation and
secretion of IL-18 are regulated by caspase-1-independent
mechanisms [18,21,25].

Recently, proIL-18 was observed combining with IgM
in human blood plasma [26], however its physiological
function is still not clear. Furthermore, a 51 bp in-frame
deletion in the leading sequence of IL-18 was also reported
in rainbow trout [31]. IL-18s cDNA has been reported in
rats with a 57 bp in-frame deletion [32], but further reports
are not available.

In our study, a mouse IL-18 isoform named IL-18s, 57
bp shorter than the normal IL-18, was cloned. We found
that the IL-18s mRNA was constitutively expressed in a
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variety of tissues accompanying IL-18. The biochemical
properties of IL-18s were further studied to find that
IL-18s had a similar mechanism for maturation and
secretion from the mammalian cells, which was caspase-
1-dependent. The cloned IL-18s cDNA was then expressed
in Escherichia coli, and recombinant mouse IL-18s did not
exhibit any IL-18-like function. When IL-18 and IL-18s
were both added to mouse splenocytes, we observed that
IL-18s could modestly enhance the ability of IL-18 to
induce IFN-γ.

Materials and Methods

Mice and cell lines

BALB/c female mice 6−8 weeks of age were obtained
from the Animal Center of the Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences
(Shanghai, China). The COS-7 cell line was provided by
the Cell Bank of Type Culture Collection, Chinese Academy
of Sciences. COS-7 cells were cultured in Dulbecco’s
modified Eagle’s medium and fresh isolated splenocytes
were cultured in RPMI 1640 medium in a humidified
atmosphere with 5% CO2 at 37 ºC. Both media were supple-
mented with 10% fetal bovine serum, 2 mM L-glutamine,
50 U/ml penicillin and 50 µg/ml streptomycin.

Reagents

LPS (a phenol-extracted preparation from E. coli 055:
B5) was obtained from Sigma (St. Louis, USA), dissolved
in water at 1 mg/ml, and stored at −20 ºC. DOTAP

liposomal transfection reagent and protease inhibitor cock-
tails were purchased from Roche (Mannheim, Germany).
Caspase inhibitor I (Z-VAD-FMK) was purchased from
Calbiochem (San Diego, USA). Mouse IL-18 (pep-IL-18)
and polyclonal rabbit antimurine IL-18 antibody were
provided by PeproTech (Rocky Hill, USA). The enzyme-
linked immunosorbent assay (ELISA) kit for mouse IFN-γ
was purchased from R&D Systems (Minneapolis, USA).
Gel was analyzed by a gel imaging system (FR-200; Furi
Tech, Shanghai, China).

Reverse transcription-polymerase chain reaction (RT-
PCR)

Specific primers (Table 1) were synthesized to amplify
the full-length cDNA sequences of IL-18 and caspase-1.
Total RNA was extracted from spleen of healthy BALB/c
mouse using Trizol (Invitrogen, San Diego, USA)
according to the manufacturer’s instructions and reverse-
transcribed into cDNA using Moloney murine leukemia
virus reverse transcriptase (Promega, Madison, USA) in
the presence of oligo(dT15−18). All products amplified by
PCR were directly cloned into pCR4TOPO (Invitrogen)
for sequencing.

IL-18s expression in mouse

To determine tissue distribution of IL-18s mRNA in
healthy mouse, total RNA was extracted from organs
including brain, small intestine, heart, liver, spleen, kidney,
lung and pancreas. RT-PCR was performed using the
primers 18q1/18q2, specifically detecting IL-18 and IL-18s
expression. The PCR reaction programs were as follows:
94 ºC for 4 min; 94 ºC for 25 s, 58 ºC for 20 s, 72 ºC for 20 s,

Table 1        Primers used to amplify full-length cDNA sequences of interleukin (IL)-18 and caspase-1

Point Primer Sequence (5'→3')

IL-18 cloning [9] 18C1 (upstream) ACCTTCCAAATCACTTCCTC
18C2 (downstream) CAGGCGAGGTCATCACAAGG

Caspase-1 cloning ICE-1 (upstream) CTGCGGTGTAGAAAAGAAACG
ICE-2 (downstream) GGCACGATTCTCAGCATAGG

IL-18 detection 18q1 (upstream) GGCTGTGACCCTCTCTGTGAA
18q2 (downstream) TGGCAAGCAAGAAAGTGTCCT

IL-18s propiece cloning 18sT1 (upstream) AACGGATCCATGGCTGCCATGTCA
18T2 (downstream) AAAGTTACGTCCTTCGATGTCTCCATT

IL-18 propiece cloning 18T1 (upstream) AACGAATTCATGGCTGCCATGTCA
18T2 (downstream) AAAGTTACGTCCTTCGATGTCTCCATT

Mature piece cloning 18T3 (upstream) GGAGACATCGAAGGACGTAACTTTGGC
18T4 (downstream) AACCTCGAGCTAACTTTGATGTAA

Restriction sites are shown in bold and factor Xa site mutation sequences are underlined.
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30−35 cycles; and a final extension at 72 ºC for 10 min.
To detect IL-18s protein in mouse, mouse splenocytes
were obtained as described previously [27] and lysed in
buffer containing protease inhibitors and caspase inhibitor.
The lysate was immunoprecipitated with rabbit antimurine
IL-18 antibody and resolved by 12%−15% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing conditions. The gel was transferred to
nitrocellulose membrane and incubated first with primary
antibodies (1:1000) at 4 ºC for 12−16 h, then with
peroxidase-conjugated mouse anti-rabbit IgG. The mem-
brane was developed by enhanced chemiluminescence.

Construction of eukaryotic expression plasmids and
transient expression of IL-18s

The full-length murine proIL-18s, proIL-18 or caspase-1
cDNA was subcloned into pcDNA3 with C-end myc-tag
(pcDNA3-proIL-18s, pcDNA3-proIL-18, pcDNA3-caspase-1)
by introducing the BamHI (or EcoRI for proIL-18)/XhoI
site at the 5' or 3' end. All the constructs were confirmed
by DNA sequencing.

COS-7 cells were transfected with pcDNA3-proIL-18s
(or pcDNA3-proIL-18) alone or in combination with
pcDNA3-caspase-1 in 35 mm dishes by DOTAP trans-
fection according to the manual. In brief, 2 µg of DNA
was diluted to a concentration of 0.1 µg/µl in HBS buffer
(20 mM HEPES, 150 mM NaCl, pH 7.4); and 15 µl DOTAP
reagent was diluted to a final volume of 50 µl with HBS.
Then the DNA solution was gently mixed with the DOTAP
solution and incubated for 10−15 min at room temperature.
The COS-7 cells were washed with serum-free Opti-MEMI
(Gibco BRL, Gaithersburg, USA), plated in 1 ml Opti-MEMI
containing the DOTAP/DNA mixture for 6 h, then washed
and incubated with fresh Opti-MEMI medium supplemented
with 50 U/ml penicillin and 50 µg/ml streptomycin. After
24 h the cells were fixed with 4% paraformaldehyde, and
stained with mouse anti-myc monoclonal antibody and
fluorescein-isothiocyanate (FITC)-labeled secondary
antibody for immunofluorescence detection. Finally, the
nuclei were stained with 4',6'-diamidino-2-phenylindole
dihydrochloride (DAPI). The fluorescence of FITC and
DAPI were observed using a confocal microscope. For
Western blot detection, COS-7 cells were directly lysed in
loading buffer or immunoprecipitation buffer containing
protease inhibitors followed by immunoprecipitation with anti-
IL-18 antibody 24 or 48 h post-transfection. The culture
supernatants were collected and concentrated 200-fold by
ultrafiltration (Centricon-10; Amicon, Beverly, USA) or
concentrated 10-fold by immunoprecipitation with anti-
IL-18 antibody. Then the supernatants, immunoprecipitates

and cell lysates were detected by Western blot.

Construction of prokaryotic expression plasmids

The murine proIL-18s and proIL-18 cDNA was used
for generating a mutation of the caspase-1 cleavage site into
a factor Xa site. Introduction of mutation in proIL-18s was
performed by a two-step PCR reaction [28,29]. The
propiece of IL-18s cDNA (or IL-18) was generated using
primers 18sT1/18T2 (or 18T1/18T2 for IL-18) containing
the BamHI site (or EcoRI for IL-18) before the open reading
frame (ORF). The mature piece of IL-18s or IL-18 cDNA
was generated by primers 18T3/18T4 containing the XhoI
site after the ORF. The 123 bp propiece and 446 bp mature
piece (503 bp for IL-18) of the IL-18s cDNA (or IL-18
cDNA) were resolved by electrophoresis in 1% agarose
and purified. These two cDNA pieces were mixed at 1:1
and used as the template for the second PCR step to generate
a complete murine IL-18s cDNA in which the caspase-1
site is mutated into the factor Xa site. The IL-18s, IL-18s
(Xa), and IL-18(Xa) cDNAs were ligated into the pGEX-
4T-1 to form pGEX-proIL-18s, pGEX-proIL-18s(Xa) and
pGEX-proIL-18(Xa), respectively, with the use of BamHI/
XhoI (for IL-18s) or EcoRI/XhoI (for IL-18). All the
constructs were confirmed by DNA sequencing.

Protein expression and purification

pGEX-proIL-18s, pGEX-proIL-18s(Xa) or pGEX-
proIL-18(Xa) was transformed into E. coli BL21(DE3)
competent cells and expressed as described previously
[29,30]. In brief, 10 ml overnight culture from a fresh
single colony of BL21 was added into 490 ml of 2×YT
medium containing 100 µg/ml ampicillin and grown at 37
ºC until its A600 reached 0.6. Protein expression was induced
by isopropyl β-D-thiogalactopyranoside (IPTG; a final
concentration of 0.1 mM). Then the culture was further
incubated with shaking at 25 ºC for 6 h. For preparation
of the fusion proteins, bacteria were harvested by
centrifugation (3500 g for 10 min at 4 ºC) and rapidly
resuspended in buffer A (20 mM Tris-HCl, pH 7.5, 5 mM
EDTA, 0.1% Triton X-100). Lysozyme was added to a
final concentration of 1 mg/ml. Cells were lysed on ice by
mild sonication and the mixture was kept on ice for 15−20
min. The soluble proteins were obtained by centrifugation
at 20,000 g, 4 ºC for 20 min, mixed with 1 ml glutathione-
Sepharose 4B beads (Amersham Pharmacia Biotech,
Uppsala, Sweden), and incubated with mild shaking at 
4 ºC for 1 h. Then the beads were pelleted by centrifugation
(500 g for 5 min), washed twice with 10 volumes of buffer
A, twice with 10 volumes of buffer B (buffer A containing
300 mM NaCl), and twice with 10 volumes of cleavage
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buffer (50 mM Tris-HCl, pH 8.0, 200 mM NaCl, 5 mM
CaCl2).

Cleavage of the fusion protein and purification of
murine IL-18s

The fusion protein GST-proIL-18s, GST-proIL-18s(Xa)
or GST-proIL-18(Xa) was incubated (22 ºC, 3−12 h) with
the appropriate amount of thrombin protease (for proIL-18s)
or factor Xa (for mature IL-18s and IL-18) in 1 ml
cleavage buffer according to the manual (Amersham
Pharmacia Biotech) with constant shaking on a rotating
wheel. Once the digestion was completed, the supernatant
was collected by centrifugation (500 g for 5 min at 4 ºC),
and washed three times with 1 ml ice-cold phosphate-
buffered saline. All the eluates were mixed, and clarified
by centrifugation (12,000 g, 10 min) and ultrafiltration
(Centricon-10). The purified protein concentration was
measured using Bradford reagent (Bio-Rad, Hercules, USA)
and stored at −70 ºC. The fusion proteins before digestion
and the concentrated elutes were resolved by 12%−15%
SDS-PAGE followed by Coomassie blue staining.

Bioassay of murine IL-18s

Mouse spleen cells were used to assay murine IL-18 as
described previously [27]. Spleen cells were washed twice
and cultured in RPMI 1640 medium in 48-well culture
plates. Murine proIL-18s or mature IL-18s was added
alone or in combination with pep-IL-18. Spleen cells were
stimulated with 0.5 µg/ml LPS. The culture was incubated
for 24 h at 37 ºC and the supernatants were then assayed
for mIFN-γ by ELISA.

Results

Molecular cloning of a novel mouse IL-18 isoform

When cloning the mouse IL-18 cDNA by RT-PCR from
spleen cells, two distinct products were detected [Fig. 1
(A)]. Subsequent DNA sequencing identified  these two
cDNAs: one is identical to the IL-18 cDNA, and the other
contains a 57 bp in-frame deletion that results in a 19
amino acid deletion in the C-terminal portion of the putative
protein, accordingly named IL-18s. The 57 bp deletion,
corresponding to nucleotide 355−411 of the full-length
IL-18 cDNA, occurs at the 5' end of exon 7 of the IL-18
gene [Fig. 1(B)]. For the reconfirmation of the existence
of IL-18s, a specific primer pair 18q1/18q2 was used and
a similar result (a strong band for IL-18, and a faint band
for IL-18s) was reproduced by RT-PCR [Fig. 1(C)].

Expression of IL-18s mRNA and protein in mouse

As shown in Fig. 2(A), both IL-18 and IL-18s were
expressed in all the selected organs with a similar expression
pattern detected previously in spleen [Fig. 1(C)], and a
comparatively high expression of IL-18s was observed in
pancreas. Similarly, two protein bands were observed in the
lysates of fresh isolated splenocytes. The major band
(approximately 24 kDa) corresponds to proIL-18, and the
minor band (approximately 21−22 kDa), consistent with the
predictive size, might correspond to proIL-18s [Fig. 2(B)].

Expression of IL-18s in COS-7 cells

To determine the expression and distribution of IL-18
and IL-18s, we investigated the subcellular localization of

Fig. 1        Sequence of a novel short form of interleukin-18 (IL-
18s) cDNA and confirmation of the deletion in IL-18s by reverse
transcription-polymerase chain reaction (RT-PCR)
(A) Cloning of IL-18 and IL-18s. The RNA was extracted from mouse splenocytes,
and IL-18 and IL-18s were amplified by RT-PCR. 1, 100 bp DNA ladder marker;
2, the full length of IL-18 (676 bp) and IL-18s cDNA (619 bp); 3 and 4, the full-
length cDNA of IL-18 and IL-18s, respectively. (B) IL-18 and IL-18s cDNA
nucleotide sequences. Nucleotide positions are numbered on the left of the cDNA
sequence. The deleted sequence is shown in bold. (C) Confirmation of the
presence of the deletion in IL-18s by RT-PCR. The RNA was extracted from
mouse splenocytes and specific primer pair (18q1/18q2) was used for the
amplification of IL-18 and IL-18s. 1, molecular mass marker; 2, negative control;
3, the PCR products of IL-18 (201 bp) and IL-18s (144 bp).
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Fig. 2       Expression of a novel short form of interleukin-18 (IL-
18s) in mouse
(A) Tissue distribution of IL-18s mRNA expression. 1, heart; 2, liver; 3, lung; 4,
kidney; 5, brain; 6, small intestine; 7, spleen; 8, pancreas; 9, negative control; 10,
100 bp DNA ladder marker. (B) The putative expression of proIL-18s protein in
splenocyte. The cell lysates from freshly isolated splenocytes were immunopre-
cipitated with or without anti-IL-18 antibody (lanes 1 and 2, respectively). The
immunoprecipitates were resolved by 12%−15% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis, and electrotransferred onto nitrocellulose membranes.
The membranes were then probed with antibodies against IL-18.

them in COS-7 cells transfected with pcDNA3-IL-18 and
pcDNA3-IL-18s observed by confocal microscopy.
IL-18 was clearly detected in the cell cytoplasma only in
the transfected cells and IL-18s localized similarly in the
cytoplasma [Fig. 3(A)]. Both IL-18 and IL-18s showed
as uneven dotted-distribution in the cytoplasma.

IL-18s shares the same leader sequence and potential
caspase-1 cleavage site with IL-18. Thus we wanted to
determine whether caspase-1 cleaves proIL-18s and
facilitates the secretion of mature IL-18s. COS-7 cells were
transfected with pcDNA3-IL-18s alone or in combination with
pcDNA3-caspase-1. pcDNA3-IL-18 was used as a positive
control in parallel. Twenty-four hours after transfection, the cells
were directly lysed. The subsequent immunoblotting results
revealed that a polypeptide of approximately 22 kDa corresponding
to proIL-18s was recognized by anti-murine IL-18 antibody,
and a 24 kDa band corresponding to proIL-18 was also
detected [Fig. 3(B)]. When co-transfected with pcDNA3-

Fig. 3        Eukaryotic expression of a novel short form of interleukin-18 (IL-18s)
(A) Confocal microscopy analysis of the cellular distribution of IL-18 and IL-18s in COS-7 cells. COS-7 cells were transiently transfected with myc-tagged IL-18 and IL-
18s expression plasmids, and stained with mouse anti-myc monoclonal antibody and fluorescein-isothiocyanate (FITC)-labeled secondary antibody 24 h later. In these
merged images, IL-18 (a) or IL-18s (b) is shown as green and nuclei as blue. The non-transfected cell as negative control is indicated by an arrow. (B) The expression of
IL-18s in COS-7 cells compared with IL-18. From lane 1 to lane 5, the cells were directly lysed with loading buffer. Lane 1 contained lysates from mock transfected cells
and COS-7 cells were transfected with an expression plasmid for IL-18 (lane 2), IL-18s (lane 3) alone, or in combination with the expression plasmid encoding caspase-
1, respectively (lanes 4 and 5). In lanes 6 and 7, cells were transfected with IL-18s and IL-18s+caspase-1, respectively, and gently lysed followed by immunoprecipitation.
Molecular mass markers are shown on the left. (C) The expression of IL-18s in media compared with IL-18. COS-7 cells were transfected with expression plasmids. Media
were directly concentrated 200-fold by ultrafiltration (lanes 1−3) or concentrated 10-fold followed by immunoprecipitation (lanes 4 and 5) and analyzed by immunoblotting.



Dec., 2005                                     Yong-Jie YANG et al.: Cloning and Characterization of a New Isoform of Mouse Interleukin-18                                     831

http://www.abbs.info; www.blackwellpublishing.com/abbs

caspase-1, the mature IL-18 (approximately 18 kDa) but
not the mature IL-18s, could be detected in the cell lysates
[Fig. 3(B)]. When the cells were lysed in immunoprecipi-
tation buffer and immunoprecipitated with anti-IL-18
antibody, both the pro-IL-18s and mature IL-18s could be
detected [Fig. 3(B)].

For the secretion of IL-18s, the culture was analyzed
by immunoblotting 72 h post-transfection. A band
(approximately 16 kDa) for mature IL-18s could be
detected either in concentrated preparations or in the
immunoprecipitated protein preparations [Fig. 3(C)] when
pcDNA3-IL-18s was co-transfected with pcDNA3-
caspase-1. The expression pattern with a strong band of
mature IL-18s and a faint band of proIL-18s is similar to
that of IL-18 [Fig. 3(C)]. All these data suggest that
caspase-1 can cleave proIL-18s and facilitate the secretion
of mature IL-18s.

Expression, purification of GST-proIL-18s and produc-
tion of mouse IL-18s

We constructed proIL-18 and proIL-18s expression
vectors in which the caspase-1 cleavage site was replaced
with the factor Xa site [29]. Expression of the GST-proIL-
18s and GST-proIL-18 was induced by IPTG in E. coli.
After induction, a band of approximately 43 kDa
corresponding to the fusion protein was specifically bound
to glutathione-Sepharose beads (Fig. 4). After extensive
washing, the beads were digested with factor Xa or

Fig. 4        Prokaryotic expression and purification of a novel
short form of interleukin-18 (IL-18s) and IL-18 in mouse
Escherichia coli containing the expression plasmids for IL-18 and IL-18s were
cultured and induced as described in “Materials and Methods”. The supernatants
of the bacterial sonicates were affinity-purified on glutathione agarose and samples
subjected to sodium dodecyl sulphate-polyacrylamide gel electrophoresis (12%−
15%). 1, molecular mass marker; 2, affinity-purified GST-proIL-18s fusion protein;
3−5, purified mouse IL-18s (16 kDa), proIL-18s (22 kDa) and IL-18 (18 kDa),
respectively, after the cleavage of fusion proteins. The gel was stained with Coomassie
blue.

thrombin protease. All the purified proteins were analysed
by SDS-PAGE. Fig. 4 shows the purified proteins of
mature IL-18s, proIL-18s and mature IL-18.

IL-18s lacks IL-18-like IFN-γγγγγ-inducing activity

We evaluated whether IL-18s, like IL-18, could stimulate
IFN-γ production in mouse splenocytes. As expected,
pep-IL-18 markedly stimulated IFN-γ production in a
dose-dependent manner [Fig. 5(B)], whereas the mature
IL-18s did not stimulate IFN-γ production at the concen-

Fig. 5        Novel short form of interleukin-18 (IL-18s) enhances
IL-18-induced interferon (IFN)-γγγγγ production
(A) Mature IL-18s at 5×series dilution (0.8−500 ng/ml) was added to the spleen
cells in 24-well plates alone or combined with IL-18 (16 ng/ml) and stimulated
with lipopolysaccharide (LPS). After 24 h, the supernatants were collected and
detected with enzyme-linked immunosorbent assay (ELISA). The control was
only stimulated with LPS. The mean of three separate experiments is shown.
*P< 0.05 vs. control group. (B) IL-18 at 2×series dilution (8−64 ng/ml) was
added to the spleen cells in 24-well plates alone or combined with IL-18s
(20 ng/ml). After 24 h, the supernatants were collected and detected with
ELISA. The mean of three separate experiments is shown.
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tration of 0.8−500 ng/ml (5×series dilution) [Fig. 5(A)];
similar results were obtained for proIL-18s (data not
shown).

Ability of IL-18 to induce IFN-γγγγγ production enhanced
by IL-18s

In order to determine whether IL-18s affects the activity
of IL-18, the mouse splenocytes were stimulated with
2×series diluted pep-IL-18 (8−64 ng/ml) alone or
combination with IL-18s (20 ng/ml). As shown in Fig. 5
(B), at low concentrations of IL-18, IL-18s increased the
production of IL-18-induced IFN-γ. At 16 ng/ml of IL-18,
the production of IFN-γ was increased from 14.9 ng/ml to
21.1 ng/ml (an approximately 40% increase) (P<0.01).
When the concentration of IL-18 increased to 64 ng/ml,
this effect was not clearly observed (P>0.05). Furthermore,
the   proIL-18s did not affect the activity of IL-18 (data
not shown). These results suggest that IL-18s might en-
hance the activity of IL-18 when the concentration of IL-18
is comparatively low.

Discussion

Here we reported that a short form of IL-18, termed
IL-18s, 57 bp shorter than IL-18, was constitutively
expressed in a wide range of mouse tissues including
spleen, liver, lung, heart, brain, kidney, pancreas and gut.
The expression of IL-18s was not markedly affected by
LPS in splenocytes or peritoneal macrophage (data not
shown).

The deleted 57 bp fragment, corresponding to nucleotide
355−411 of the full-length IL-18 cDNA, is located at the
5' end of exon 7 of the IL-18 gene [Fig. 1(B)]. The
presence of the dinucleotide A410G411 at the 3' end of the 57
bp deletion suggests that IL-18 and IL-18s appear to be
from the same pro-mRNA and IL-18s is an alternative
splicing variant, which is in good accordance with the
eukaryotic splice donor-acceptor site sequence AG/GU
[23]. This dinucleotide AG is conserved not only in mouse,
but also in rat and human, which might suggest that
IL-18s exists in different species. Our results provided
new evidence indicating the wide existence of IL-18s
mRNA. We also found that, as well as a 24 kDa band
corresponding to proIL-18, an approximately 21−22 kDa
band could be detected in the fresh isolated splenocytes,
possibly corresponding to proIL-18s. Furthermore,
Pirhonen et al. revealed a protein (approximately 22 kDa)
existed in human macrophage [33]. All of these evidences
suggest that IL-18s might widely exist, and is constitutively

expressed at the levels of both mRNA and protein like IL-18.
The proIL-18 requires caspase-1 cleavage to become a

biologically active molecule. Caspase-1 can enhance the
maturation of proIL-18 and facilitate the export of the mature
IL-18 from cells. But the caspase-1-dependent mechanism
for the maturation and secretion of IL-18 has not yet been
clarified, although a small amount of proIL-18 can be secreted
from cells independent of caspase-1 [18−22]. In the present
study, when IL-18s was transiently expressed in COS-7
cells combined with caspase-1, the mature IL-18s protein
(approximately 16 kDa) could not be detected in the cell
lysates [Fig. 3(B)], but could be detected in the cell lysates
by immunoprecipitation and in the cell culture supernatants.
We suggest that the possible reasons for IL-18s secretion
might be: first, the process of caspase-1-dependent
maturation and caspase-1-enhanced secretion may be
closely-linked; second, the secreted mature IL-18 could
bind to the surface of COS-7 cells, but the mature IL-18s
could bind very weakly (data not shown), so there must
be some secreted mature IL-18 counted as an intracellular
part and identified in the cell lysates; third, the transient
expression level of IL-18s was relatively low compared
with that of IL-18; fourth, it might be a problem of recog-
nition limitation by the anti-IL-18 antibody; and finally, the
mature IL-18s detected in cell lysates with the method of
immunoprecipitation might be partly due to the further
digestion of caspase-1 during the process of cell lysis and
immunoprecipitation.

IL-18 has a 12-β-pleated sheet structure and an IL-1
signature-like sequence (136−160 amino acids), which is
a characteristic of the IL-1 family [2,14]. For the deletion
of 19 amino acids (119−137 aa), the IL-1 signature-like
sequence in IL-18s is not integrated: the first conserved
amino acid F136 is deleted and the eighth β-strand also
partly deleted, which may influence the configuration of
IL-18s. Furthermore, it was reported that the residues K79,
E84 and D98 of mouse IL-18 are important for binding
IL-18Rβ to the binary complex and for biological activity
[34]. In IL-18s, the residue D98 is deleted and the other
two residues are very close to the 19 deleted amino acids,
which suggests that the deletion in IL-18s may greatly affect
the interaction with IL-18R. Consistent with this, neither
proIL-18s nor mature IL-18s induced any IFN-γ production.
Although IL-18s could weakly bind to the IL-18R extracellular
domain (data not shown), it might fail to recruit the
IL-18Rβ chain to form a functionally active ternary
complex with the IL-18Rα chain similar to that of
IL-1F7b [35].

Until now, the function of IL-18s has not been clearly
known. IL-18s slightly enhances the ability of IL-18 to



Dec., 2005                                     Yong-Jie YANG et al.: Cloning and Characterization of a New Isoform of Mouse Interleukin-18                                     833

http://www.abbs.info; www.blackwellpublishing.com/abbs

References

1 Okamura H, Tsutsui H, Komatsu T, Yutsudo M, Hakura A, Tanimoto T,
Torigoe K et al. Cloning of a new cytokine that induces IFN-γ production by
T cells. Nature 1995, 378: 88−91

2 Ushio S, Namba M, Okura T, Hattori K, Nukada Y, Akita K, Tanabe F et al.
Cloning of the cDNA for human IFN-gamma-inducing factor, expression in
Escherichia coli, and studies on the biologic activities of the protein. J
Immunol 1996, 156: 4274−4279

3 Dao T, Ohashi K, Kayano T, Kurimoto M, Okamura H. Interferon-γ-induc-
ing factor, a novel cytokine, enhances Fas ligand-mediated cytotoxicity of
murine T helper 1 cells. Cell Immunol 1996, 173: 230−235

4 Tsutsui H, Matsui K, Kawada N, Hyodo Y, Hayashi N, Okamura H, Higashino
K et al. IL-18 accounts for both TNF-alpha- and Fas ligand-mediated hepato-
toxic pathways in endotoxin-induced liver injury in mice. J Immunol 1997,
159: 3961−3967

5 Dao T, Mehal WZ, Crispe IN. IL-18 augments perforin-dependent cytotoxic-
ity of liver NK-T cells. J Immunol 1998, 161: 2217−2222

6 Hashimoto W, Osaki T, Okamura H, Robbins PD, Kurimoto M, Nagata S,
Lotze MT et al. Differential antitumor effects of administration of recombinant
IL-18 or recombinant IL-12 are mediated primarily by Fas-Fas ligand- and
perforin-induced tumor apoptosis, respectively. J Immunol 1999, 163: 583−589

7 Hyodo Y, Matsui K, Hayashi N, Tsutsui H, Kashiwamura S, Yamauchi H,
Hiroishi K et al. IL-18 up-regulates perforin-mediated NK activity without
increasing perforin messenger RNA expression by binding to constitutively
expressed IL-18 receptor. J Immunol 1999, 162: 1662−1668

8 Takeda K, Tsutsui H, Yoshimoto T, Adachi O, Yoshida N, Kishimoto T,
Okamura H et al. Defective NK cell activity and Th1 response in IL-18-
deficient mice. Immunity 1998, 8: 383−390

9 Oshikawa K, Shi F, Rakhmilevich AL, Sondel PM, Mahvi DM, Yang NS.
Synergistic inhibition of tumor growth in a murine mammary adenocarci-
noma model by combinational gene therapy using IL-12, pro-IL-18, and IL-
1β converting enzyme cDNA. Proc Natl Acad Sci USA 1999, 96: 13351−
13356

10 Netea MG, Kullberg BJ, Verschueren I, van der Meer JW. Interleukin-18
induces production of proinflammatory cytokines in mice: No intermediate
role for the cytokines of the tumor necrosis factor family and interleukin-1β.
Eur J Immunol 2000, 30: 3057−3060

induce IFN-γ, primarily at relatively low concentrations
of IL-18, which might be part of its function. We presume
that IL-18s might act as a naturally expressed modulator of
IL-18 activity in vivo. Under appropriate stimuli, the
concentrations of IL-18 and IL-18s increase in local
microenvironments and more IFN-γ is induced. When
IL-18s reaches its working concentration, the concentration
of IL-18 may be too high for IL-18s to further enhance
the activities of IL-18. Increasing levels of IFN-γ induce
further expression of IL-18BPs, which slows down the
increasing activity of IL-18 and gradually decreases the
concentration of active IL-18. When IL-18 descends to a
relatively low concentration, IL-18s might exert its function
and enhance the production of IFN-γ. To further under-
stand the function of this novel IL-18 isoform, more
researches based on these primary results are needed.

11 Hoshino T, Wiltrout RH, Young HA. IL-18 is a potent coinducer of IL-13 in
NK and T cells: A new potential role for IL-18 in modulating the immune
response. J Immunol 1999, 162 : 5070−5077

12 Fehniger TA, Shah MH, Turner MJ, VanDeusen JB, Whitman SP, Cooper
MA, Suzuki K et al. Differential cytokine and chemokine gene expression by
human NK cells following activation with IL-18 or IL-15 in combination
with IL-12: Implications for the innate immune response. J Immunol 1999,
162: 4511−4520

13 Dinarello CA. IL-18: A TH1-inducing, proinflammatory cytokine and new
member of the IL-1 family. J Allergy Clin Immunol 1999, 103: 11−24

14 Bazan JF, Timans JC, Kastelein RA. A newly defined interleukin-1. Nature
1996, 379: 591

15 Torigoe K, Ushio S, Okura T, Kobayashi S, Taniai M, Kunikata T, Murakami
T et al. Purification and characterization of the human interleukin-18 receptor.
J Biol Chem 1997, 272: 25737−25742

16 Born TL, Thomassen E, Bird TA, Sims JE. Cloning of a novel receptor
subunit, AcPL, required for interleukin-18 signaling. J Biol Chem 1998,
273: 29445−29450

17 Thomassen E, Bird TA, Renshaw BR, Kennedy MK, Sims JE. Binding of
interleukin-18 to the interleukin-1 receptor homologous receptor IL-1Rrp1
leads to activation of signaling pathways similar to those used by interleukin-
1. Interferon Cytokine Res 1998, 18: 1077−1088

18 Pirhonen J. Regulation of IL-18 expression in virus infection. Scand J Immunol
2001, 53: 533−539

19 Gu Y, Kuida K, Tsutsui H, Ku G, Hsiao K, Fleming MA, Hayashi N et al.
Activation of interferon-γ inducing factor mediated by interleukin-1β convert-
ing enzyme. Science 1997, 275: 206−209

20 Ghayur T, Banerjee S, Hugunin M, Butler D, Herzog L, Carter A, Quintal L
et al. Caspase-1 processes IFN-γ-inducing factor and regulates LPS-induced
IFN-γ production. Nature 1997, 386: 619−623

21 Nakanishi K, Yoshimoto T, Tsutsui H, Okamura H. Interleukin-18 regulates
both Th1 and Th2 responses. Annu Rev Immunol 2001, 19: 423−474

22 Puren AJ, Fantuzzi G, Dinarello CA. Gene expression, synthesis, and secre-
tion of interleukin 18 and interleukin 1β are differentially regulated in human
blood mononuclear cells and mouse spleen cells. Proc Natl Acad Sci USA
1999, 96: 2256−2261

23 Tone M, Thompson SA, Tone Y, Fairchild PJ, Waldmann H. Regulation of
IL-18 (IFN-gamma-inducing factor) gene expression. J Immunol 1997, 159:
6156−6163

24 Kim YM, Kang HS, Paik SG, Pyun KH, Anderson KL, Torbett BE, Choi I.
Roles of IFN consensus sequence binding protein and PU.1 in regulating IL-
18 gene expression. J Immunol 1999, 163: 2000−2007

25 Gardella S, Andrei C, Poggi A, Zocchi MR, Rubartelli A. Control of interleukin-
18 secretion by dendritic cells: Role of calcium influxes. FEBS Lett 2000,
481: 245−248

26 Shida K, Shiratori I, Matsumoto M, Fukumori Y, Matsuhisa A, Kikkawa S,
Tsuji S et al. An alternative form of IL-18 in human blood plasma: Complex
formation with IgM defined by monoclonal antibodies. J Immunol 2001,
166: 6671−6679

27 Fantuzzi G, Puren AJ, Harding MW, Livingston DJ, Dinarello CA. Interleukin-
18 regulation of interferon γ production and cell proliferation as shown in
interleukin-1β-converting enzyme (caspase-1)-deficient mice. Blood 1998,
91: 2118−2125

28 Kim SH, Azam T, Yoon DY, Reznikov LL, Novick D, Rubinstein M,
Dinarello CA. Site-specific mutations in the mature form of human IL-18
with enhanced biological activity and decreased neutralization by IL-18 bind-
ing protein. Proc Natl Acad Sci USA 2001, 98: 3304−3309

29 Yang YJ, Chen SH, Ge XR. The high efficiency of expression and purification
of authentic mIL-18 with high biological activity. Curr Immunol (forthcoming)

30 Liu B, Novick D, Kim SH, Rubinstein M. Production of a biologically



834                                                                                   Acta Biochim Biophys Sin                                                              Vol. 37, No. 12

©Institute of Biochemistry and Cell Biology, SIBS, CAS

active human interleukin 18 requires its prior synthesis as PRO-IL-18. Cytokine
2000, 12: 1519−1525

31 Zou J, Bird S, Truckle J, Bols N, Horne M, Secombes C. Identification and
expression analysis of an IL-18 homologue and its alternatively spliced form
in rainbow trout (Oncorhynchus mykiss). Eur J Biochem 2004, 271: 1913−
1923

32 Conti B, Jahng JW, Tinti C, Son JH, Joh TH. Induction of interferon-γ
inducing factor in the adrenal cortex. J Biol Chem 1997, 272: 2035−2037

33 Pirhonen J, Sareneva T, Julkunen I, Matikainen S. Virus infection induces

proteolytic processing of IL-18 in human macrophages via caspase-1 and
caspase-3 activation. Eur J Immunol 2001, 31: 726−733

34 Kato Z, Jee J, Shikano H, Mishima M, Ohki I, Ohnishi H, Li A et al. The
structure and binding mode of interleukin-18. Nat Struct Biol 2003, 10: 966−
971

35 Bufler P, Azam T, Gamboni-Robertson F, Reznikov LL, Kumar S, Dinarello
CA, Kim SH. A complex of the IL-1 homologue IL-1F7b and IL-18-binding
protein reduces IL-18 activity. Proc Natl Acad Sci USA 2002, 99: 13723−
13728

Edited by
Lian YU


