








Western blot analysis

Total protein levels of tissue homogenates derived from colonic mucosal
biopsies (n5 6/experimental group) were quantitated using a modification
of the Bradford colorimetric procedure (Bio-Rad Protein Assay; Bio-Rad
Laboratories, Hercules, CA). Biopsy homogenates (standardized to 20mg
of total protein/lane) were then resolved by 15% denaturing SDS-PAGE
and transferred for 1 h at 100 V intransfer buffer (20% methanol, 192 mM
glycine, 25 mM Tris (pH 8.0); all from Sigma) onto polyvinylidene diflu-
oride membrane (Bio-Rad) using an electrophorectic transfer unit (Mini
Trans-Blot Electrophorectic transfer cell; Bio-Rad). Recombinant hIL-18
(35 ng) (a kind gift from Dr. Monica Tsang) was used as a positive control.
Following transfer, membranes were blocked overnight at 4°C in 20 ml of
5% nonfat dry milk in PBS, washed in PBS containing 0.1% Tween (Sig-
ma) (33 10 min), and incubated with an affinity-purified goat anti-human
IL-18 polyclonal Ab (1.0mg/ml) (a kind gift from M. Tsang) for 3 h at
room temperature on an orbital shaker. Blots were subsequently washed
(3 3 10 min), as above, and incubated with an anti-goat IgG conjugated
HRP (1:100) (Sigma) for 1.5 h at room temperature, also on an orbital
shaker. Finally, blots were washed (23 10 min), as above, and in PBS only
(1 3 10 min), incubated with 6.5 ml/membrane of enhanced chemilumi-
nescence detection reagent (Amersham Life Science, Arlington Heights,
IL) for 1 min at room temperature, and exposed to X-OMAT autoradiog-
raphy film with intensifying screens for 5–15 s.

Statistical analyses

For IL-18 mRNA levels, all samples were normalized to the internal stan-
dard and results (IL-18/GAPDH) are expressed as mean6 SEM. The data

were analyzed using a statistical program (BMPD, Los Angeles, CA). The
methods used included the Kruskal-Wallis test for nonparametric data and
the Mann-Whitney two-sample test for parametric data. Differences were
considered significant whenp , 0.05.

Results
Expression of IL-18 mRNA transcripts in isolated mucosal cell
populations

The expression of mRNA transcripts in freshly isolated CD, UC,
and noninflamed controls is represented in Fig. 1. IL-18 mRNA
transcripts were found to be more abundant in both IEC and LPMC
obtained from CD compared with UC and controls. Southern blot
analysis (Fig. 1A) confirmed the specificity of the amplified prod-
ucts to hIL-18. Fig. 1B shows the relative levels of IL-18 mRNA
transcripts in IEC and LPMC obtained from CD, UC, and nonin-
flamed controls (n5 6/group). IL-18 mRNA transcripts were sig-
nificantly increased in CD (2.686 0.36 for IEC and 1.256 0.17
for LPMC) compared with cont (1.296 0.31 for IEC,p . 0.02
and 0.556 0.19 for LPMC,p , 0.03) as well as UC (1.896 0.26
for IEC, p , 0.04 and 0.726 0.12 for LPMC,p , 0.04). Although
a trend in increased IL-18 mRNA levels was detected in intestinal
mucosal cell populations from UC compared with cont, these ob-
served differences did not reach statistical significance.

FIGURE 3. Immunohistochemical stain-
ing for hIL-18 in paraffin-embedded sections
from CD intestinal tissue resections.A, Us-
ing an affinity-purified goat anti-human
IL-18 polyclonal Ab, colonic mucosa not
involved by inflammatory changes in a pa-
tient with CD (CD n inv) revealed diffuse
and strong staining of both the colonic ep-
ithelium, as well as scattered inflammatory
cells within the lamina propria.C, In the
earliest manifestations of CD (i.e., “aph-
thoid” lesion: focal neutrophilic cryptitis
overlying a normal lymphoid aggregate),
intense staining is again observed in the
epithelium with an increased number of in-
flammatory cells in the lamina propria also
showing strong staining.E, In contrast to
the findings in UC, inflamed and eroded
mucosa from a colonic resection severely
involved with CD showed intense staining
of inflammatory cells present in granula-
tion tissue and within the lamina propria.
B, D, andF, Control immunohistochemical
reactions using an isotype goat IgG that
correspond to specimens inA, C, andE,
respectively, are shown.A and B, 3100
original magnification;C–F,3150 original
magnification.
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Immunohistochemical localization of IL-18 in surgically resected
colonic specimens

In colonic mucosa obtained from surgical noninflamed controls,
weak to moderate staining of superficial IEC and scattered inflam-
matory cells within the lamina propria was observed (Fig. 2A). By
comparison, more diffuse and qualitatively increased IL-18 stain-
ing of the epithelium was observed in n inv colonic mucosa of UC
patients (Fig. 2C). In severely inflamed UC tissues, increased epi-
thelial staining, as well as weak to moderate staining of scattered
inflammatory cells, was detected (Fig. 2E). Corresponding control
sections using an isotype goat IgG are shown in Fig. 2,B, D, andF.

Fig. 3 demonstrates immunohistochemical staining for hIL-18 in
CD. In n inv colonic mucosa obtained from patients with CD,
diffuse and strong staining of the colonic epithelium, as well as
scattered inflammatory cells in the lamina propria, was observed
(Fig. 3A). In apthoid lesions (focal neutrophilic cryptitis overlying
a normal lymphoid aggregate), which are hallmark features of the
earliest manifestations of CD, intense staining of IL-18 was ob-
served in the epithelium as well as in the inflammatory cells in-
filtrating the lamina propria (Fig. 3C). In contrast to the results
obtained from UC patients, severely affected CD colonic tissue
resections, particularly advanced lesions, revealed intense staining
of inflammatory cells in granulation tissue and within the lamina
propria (Fig. 3E). Corresponding control sections using an isotype
goat IgG are shown in Fig. 3,B, D, andF.

The cellular localization of IL-18 expression in CD by immu-
nohistochemistry (Fig. 4) showed that IEC, as well as scattered
inflammatory cells within the lamina propria, were a major source
of IL-18 (Fig. 4A). Mononuclear cells located within the lamina
propria that possessed abundant cytoplasm, vesicular retiform nu-
clei, and were morphologically consistent with tissue macrophages
(histiocytes) also stained positively for hIL-18 (Fig. 4B). In addi-
tion, submucosal lymphoid aggregates from CD intestinal tissues
demonstrated positive IL-18 expression (Fig. 4C); specific IL-18
staining cells located within these aggregates possessed abundant
cytoplasm, extended cytoplasmic processes, and were identified as
being morphologically consistent with dendritic cells (Fig. 4D).

Expression of pro- and mature IL-18 protein in mucosal
biopsies

Western blot analysis of colonic mucosal biopsies demonstrated
the presence of both the pro- and mature forms of hIL-18. A blot
representative of six separate experiments (Fig. 5) demonstrates
that the 18.3-kDa mature form of hIL-18 is more abundant in in-
testinal mucosal biopsies from CD compared with UC patients and
is absent in noninflamed controls. The 24-kDa inactive precursor
form of IL-18 was detected in nonaffected areas from both CD and
UC biopsies and was the sole form found in normal noninflamed
controls. A third band of;31 kDa was observed in n inv CD and

FIGURE 4. Cellular localization of
hIL-18 expression in paraffin-embedded sec-
tions from CD intestinal tissue resections,
as detected by immunohistochemistry.A,
Epithelium uninvolved by inflammation
(CD n inv) showed intense staining of IEC
and scattered inflammatory cells within the
lamina propria (3400 original magnifica-
tion). B, Positively staining mononuclear
cells located within the lamina propria
possess abundant cytoplasm, vesicular
retiform nuclei, and are morphologically
consistent with tissue macrophages (histio-
cytes) (3450 original magnification).C,
Submucosal lymphoid aggregate demon-
strated hIL-18-positive cells (3100 origi-
nal magnification), and upon higher power
(D) showed that the positively staining
cells have abundant cytoplasm, extended
cytoplasmic processes, and are morpholog-
ically consistent with dendritic cells (3450
original magnification).

FIGURE 5. Western blot analysis of hIL-18 expression in colonic mu-
cosal biopsies obtained from IBD and noninflamed control patients. An
amount of 20mg of total protein from tissue homogenates (n 5 6/exper-
imental group) was resolved by 15% denaturing SDS-PAGE and trans-
ferred onto polyvinylidene difluoride membrane. Membranes were blocked
with 5% nonfat dry milk in PBS, subsequently washed in PBS containing
0.1% Tween, and incubated with an affinity-purified goat anti-human IL-18
polyclonal Ab (1.0mg/ml). Blots were finally incubated with an anti-goat
IgG conjugated HRP Ab (1:100), and hIL-18 was detected by enhanced
chemiluminescence. Representative blot of six separate experiments is
shown and demonstrates that the 18.3-kDa mature form of IL-18 (lower
arrow) is more abundant in CD compared with UC intestinal mucosal bi-
opsies and is absent in cont. The 24-kDa inactive precursor form (middle
arrow) was detected in nonaffected areas from both CD and UC biopsies
and was the sole form found in normal noninflamed controls. A third band
of ;31 kDa was observed in n inv CD and UC colonic mucosal biopsies
and was absent in cont as well as involved areas of IBD specimens (upper
arrow). Recombinant hIL-18 (35 ng) was used as a positive control.
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UC colonic mucosal biopsies and was absent in noninflamed con-
trols as well as inv areas of IBD specimens (Fig. 5). In addition, the
control lane contains a band;36 kDa in size, and most likely
represents a dimer product of the recombinant hIL-18 protein.

Discussion
There is increasing evidence that IL-18 may be a key proinflam-
matory cytokine as well as an important mediator of Th1 polarized
immune responses (reviewed in Ref. 17). In the present study, we
investigated the expression and cellular localization of IL-18 in
CD, a prototypic Th1-mediated disease. Our results show that the
mature form of IL-18 is indeed markedly overexpressed in intes-
tinal lesions of CD patients, but not in UC, another form of IBD in
which polarized Th2 responses are believed to play a dominant
role (18). To our knowledge, this is the first report of a putative
role of IL-18 in mediating human organ-specific autoimmunity.

IL-18 transcripts were detected in colonic mucosal cells from
both CD and UC, as well as noninflamed control patients. How-
ever, IL-18 mRNA levels were significantly increased in both
LPMC and IEC populations from CD patients only when com-
pared with the aforementioned experimental groups. By compar-
ison, although the inactive pro-form (24 kDa) was the sole form
detected in noninflamed controls and in macroscopically n inv IBD
colonic biopsies, the mature form was highly expressed in only
affected CD tissues. The increased expression of mature IL-18 pro-
tein appears to be specific for CD, since UC tissues with compa-
rable severity of inflammation displayed only minimally detectable
levels of IL-18. Thus, the activation of IL-18 in CD is unlikely
secondary to the inflammatory responses, but may represent a pri-
mary abnormality within this patient population. However, since
the mature form of IL-18 is the result of IL-1b-converting enzyme
(ICE or caspase-1) cleavage (19), it may be speculated that a dys-
regulation of ICE synthesis may also be involved in the pathogen-
esis of CD (20). In addition, the presence of a 31-kDa protein that
cross-reacts with the hIL-18 Ab was detected in nonaffected in-
testinal diseased tissues from both CD and UC patients. Charac-
terization and function of this protein as a possible IL-18 isoform
or a variant of the IL-18 gene is currently under investigation in
our laboratory.

Immunohistochemical analysis of full thickness colonic resec-
tions from the different experimental groups revealed constitutive
levels of IL-18 in IEC. However, in moderately and severely af-
fected tissues from CD, IL-18 staining in IEC appeared more in-
tense and was also observed within the lamina propria. IL-18-
positive staining cells within the lamina propria were found to be
morphologically consistent with tissue histiocytes and dendritic
cells. These results further support the concept that epithelial cells,
as well as resident dendritic cells, are active participants in inflam-
matory responses within the local gut milieu by having the ability
to produce an array of immunoregulatory cytokines (21). In par-
ticular, the ability to produce IL-18, a potent Th1 proinflammatory
cytokine, is of particular relevance.

A model to explain the pathogenesis of CD has been recently
proposed (13, 22). In this model, an initiating antigenic stimulus
activates a dysregulated and exaggerated Th1 response driven by a
putative Th1-inductive cytokine, yet to be identified. The role of
IL-12 and/or TNF-a in mediating this process has been implicated.
This is followed by increased IFN-g and possibly TNF-a produc-
tion by CD41 T cells. These two cytokines induce macrophage
gene expression with production of proinflammatory cytokines,
such as IL-1, TNF, and IL-8, which are directly mediating the
observed damage to IEC. The results presented in this report are
consistent with this hypothesis, but point out the possible relevance

of IL-18 to this pathogenic model. In fact, IL-18 is not only pro-
duced by APC (i.e., tissue histiocytes and dendritic cells) to mount
a Th1 polarized response in synergy with, and independently of,
IL-12 through IFN-g production (Th1-inductive phase), but it also
stimulates TNF-a gene expression and secretion from activated T
cells (effector phase) (7). In addition, IL-18 is capable of stimu-
lating IL-1b as well as IL-8 from activated macrophages, thus
affecting the final common pathway of CD immunopathogenesis.
Therefore, it is conceivable that IL-18 may, in fact, fulfill the req-
uisite as a primary initiating cytokine in Th1-mediated diseases,
such as CD. Recent animal studies using mAb neutralization
against IL-18 in organ-specific autoimmune diseases have sup-
ported this concept (17).

In summary, our studies provide conclusive evidence that IL-18
may play a key pathogenic role in Th1-mediated disorders, such as
CD, and provide a rationale for anti-IL-18-based treatment in these
conditions. Differently from current anti-cytokine strategies, such
as blockade of TNF-a in CD and rheumatoid arthritis, which pri-
marily target the Th1 effector phase, this approach would possess
the theoretical advantage of affecting the inductive phase of Th1 T
cell activation. Future animal, as well as human, studies will test
the validity of this hypothesis.
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