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IL-32, a novel cytokine with a possible role in disease
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IL-32 is the name given to the NK4 transcript first reported in
IL-2 activated T lymphocytes and natural killer cells 13 years
ago without known function. The novel cytokine has six
isoforms. In an study to isolate a soluble form of the IL-32
receptor from human urine, IL-320 bound proteinase-3 with
high affinity and was not affected by enzyme inhibition. IL-
320/1L-32y were expressed as recombinant molecules. The
cytokine exhibits properties characteristic of proinflammatory
cytokines and also induces the degradation of inhibitory 1B
and phosphorylation of mitogen activated protein p38.
Monoclonal antibodies to IL-32 identify its presence in a
variety of human tissues from diseases states. Epithelial cells
from healthy subjects express low levels of the cytokine, but in
disease conditions such as chronic obstructive pulmonary
disease, Crohn’s disease and psoriasis, the expression
increases markedly. IL-32 is a major transcript in gene array
studies in epithelial cells stimulated with IFNy in vitro. In
rheumatoid arthritis, synovial tissues reveals increased
content of IL-32, which correlates with severity of disease.
A highly significant correlation has been observed between
the number of synovial and macrophagic cells positive for IL-
32 and the level of erythrocytes sedimentation, IL-1p, tumour
necrosis factor o, and IL-18. Thus, IL-32 exhibits many
properties of proinflammatory cytokines and associations
with disease severity.

described as a transcript termed NK4 found in activated

natural killer (NK) cells and T lymphocytes.' In a search for
IL-18 inducible genes independent of IL-12 or IL-15
costimulation, IL-18 induced several expected proinflamma-
tory genes in the human lung epithelial cell line A549.
However, there was a high level of expression in a transcript
termed NK4 with no known function. On expression of the
recombinant form of the NK4 transcript, it became clear that
NK4 encoded for a protein with many of the characteristics of
proinflammatory cytokines.” For these reasons, the name was
changed to IL-32. Although IL-32 was first reported as
transcript in IL-2 activated NK and T cells, it appears that
epithelial cells are a dominant and widespread source. In fact,
the A549 cell line is a human lung carcinoma cell line. Others
have reported the presence of mRNA for IL-32 in Epstein—
Barr virus infected lymphoma cells,” neuroblastoma cells,*
and haematopoietic progenitor cells.” Primary human B cells,
even when stimulated with IgM or anti-CD40, do not express
significant IL-32.° However, the cytokine is highly expressed
in activated primary human T cells following stimulation
with anti-CD3 or the combination of phorbol myristate
acetate and ionomycin.® Northern blot analysis of various
human tissues from healthy subjects reveal low constitutive
expression of steady state levels of mRNA in the prostate,
moderate in the thymus, small intestine, and colon, but high
in the spleen and peripheral blood leucocytes.*

I nterleukin (IL)-32 is a proinflammatory cytokine originally

IL-32 IN ARTHRITIS

In culture, synovial cells isolated from human biopsies take
on a specialised stellate fibroblast-like form first reported by
Krane and Dayer.” These fibroblast-like synoviocytes (FLS)
can be cultured from tissues of patients with rheumatoid
arthritis (RA) as well as osteoarthritis. In general, steady
state. mRNA in FLS isolated from these two distinct
arthritides express similar levels cytokines, chemokines, and
their respective receptors when cultured in the absence of
exogenous stimulation.® However, constitutive expression is
differentially observed between third passage FLS from RA
compared with FLS from biopsies of osteoarthritis.® In that
study, synovial biopsies were obtained from eight patients
with RA and nine patients with osteoarthritis. Gene array
was performed with over 54 000 transcripts. The mean
differential expression of IL-32 in RA compared with
osteoarthritis was 3.85-fold greater (p=0.0073).*> Another
differentially expressed gene was monocyte chemoattractant
protein (MCP)-1 (also termed CCL2). MCP-1 was expressed
2.5-fold greater in FLS from RA compared with osteoarthritis
(p=0.02).° The authors argue that because the level of
expression of inflammatory genes from FLS is similar in RA
and osteoarthritis, the differential increase in IL-32 may
implicate a role for this cytokine in RA.* A similar argument
was proposed for the high degree of expression of MCP-1.
Since recombinant IL-32 stimulates chemokines from macro-
phagic cell in vitro,” the finding of both IL-32 and MCP-1 may
be more than coincidental.

Although the studies by Cagnard and coworkers provide an
important observation in differential gene expression of IL-
32, direct evidence for IL-32 in RA was reported by Joosten
and colleagues.” In their study, IL-32 was shown to be
expressed in the synovium of patients with RA, and
associations with disease severity and the presence of
other cytokines was made using immunohistochemistry
with a monoclonal antibody to human IL-32.
Immunohistochemistry revealed that IL-32 is highly
expressed in RA synovial tissue biopsies, whereas IL-32 was
not observed in synovial tissues from patients with osteo-
arthritis. Moreover, in synovial biopsies from 29 RA patients
with active disease, the level of IL-32 staining correlated with
erythrocyte sedimentation rate, a marker of systemic
inflammation (r=0.63, p<<0.0003). Synovial staining of IL-
32 also correlated with indices of synovial inflammation
(r=0.80, p<0.0001) as well as synovial presence of tumour
necrosis factor o (TNFa) (r = 0.68, p<<0.004), IL-1B (r = 0.79,
p<0.0001), and IL-18 (r=0.82 p<<0.001). When incubated
with mouse macrophages deficient in toll-like receptor 4
(TLR4), recombinant human IL-32y stimulated the produc-
tion of TNFa, IL-1fB, and macrophage inflammatory protein-
2. IL-32 was a potent inducer of prostaglandin E; release in

Abbreviations: FLS, fibroblast-like synoviocytes; IL, interleukin; MCP,
monocyte chemoattractant protein; NOD, nuclear oligomerisation
domain; NK, natural killer; PAR, proteinase <:|ctiv<:|tecjJ receptor; PMSF,
phenylmethylsulphonyl fluoride; PR3, proteinase 3; RA, rheumatoid
arthritis; TNF, tumour necrosis factor; TLR, toll-like receptor
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mouse macrophages and in human blood monocytes, an
important property for inflammation. Following the injection
of human IL-32y into the knee joints of naive mice, joint
swelling, with pronounced influx of inflammatory cells and
cartilage damage was observed. However, in TNFao deficient
mice, 1L-32 driven joint swelling was absent and cell influx
was markedly reduced, but loss of proteoglycan was
unaffected, suggesting that IL-32 activity is, in part, TNFa
dependent. The loss of proteoglycan following the injection of
IL-32y may be due to IL-1.

IL-32 staining was observed in 25 of the 29 synovial
biopsies; marked staining was predominantly found in the
lining layer of the synovium. The cells that were the most
positive for IL-32 staining were macrophage-like cells. The
percentage of RA patients with IL-32 positive biopsies was
lower among the group showing little clinical arthritis
compared with those with moderate or severe knee inflam-
mation. Assessment scores for IL-32 in the lining were highly
correlated with those for microscopic inflammation on
routinely stained tissue sections (r=0.80, p<<0.0001) and
also with the acute phase reaction as measured by the
erythrocyte sedimentation rate (r=0.71, p<0.0001). TNFa
was detectable in only 50% of patients with RA. In contrast
IL-1f staining was observed in most synovial biopsies (90% of
RA patients) whereas IL-18 was detectable in 79% of the
same synovial tissue samples. The levels of IL-32 and TNFa
expression in the same biopsies were strongly correlated
(r=0.68, p<<0.004 for lining). However, a greater association
was found for IL-32 presence in the lining layers with the
expression of IL-1f and IL-18 in the same biopsies (r = 0.79,
p<<0.0001 and r = 0.82, p<0.0001, respectively).

IL-32 IN CROHN'’S DISEASE

Activation of non-specific inflammatory responses (innate
immunity) plays an essential role in host defence against
invading organisms. In general, these responses include the
induction of proinflammatory cytokines, which assist the
host in eliminating the infection by non-immune mechan-
isms such as emigration of phagocytic cells and the
production of toxic products to destroy the organisms.
Indeed, bacterial products induce cytokines via pattern-
recognition receptors for several bacterial products. The two
most clinically relevant families of microbial receptors are the
cell-surface TLRs and the intracellular nuclear oligomerisa-
tion domain (NOD) receptor family. IL-32 acts in a
synergistic manner with the NOD1 and NOD2 specific
muropeptides of peptidoglycans for the release of IL-18 and
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IL-6 (3-10-fold increase). In contrast, IL-32 did not influence
the cytokine production induced via TLR receptors. The
synergistic effect of IL-32 and the synthetic muramyl
dipeptide (MDP) on cytokine production was absent in cells
of patients with Crohn’s disease bearing the NOD2 frame
shift mutation 3020insC, demonstrating that the IL-32/MDP
synergism depends on NOD2. This in vitro synergism
between IL-32 and NOD2 ligands was consistent with a
marked constitutive expression of IL-32 in human colon
epithelial tissue. In addition, the potentiating effect of IL-32
on the cytokine production induced by the synthetic
muropeptide FK-156 was absent in NODI-deficient macro-
phages, supporting the interaction between IL-32 and NODI1
pathways. Of importance, the synergism between IL-32 and
MDP/NOD?2 for the induction of IL-6 was dependent on the
activation of caspase-1 and the secretion of IL-1f. Only
additive effects of IL-32 and muropeptides were observed for
TNFo production. The modulation of intracellular NOD2
pathways by IL-32, but not the cell-surface TLRs, as well as
the marked expression of IL-32 in colon mucosa, suggest a
role of IL-32 in the pathogenesis of Crohn’s disease.

INTRACELLULAR IL-32

The amino acid sequence derived from the initial NK4 cDNA
contained a signal peptide without a transmembrane
domain.' However, the transcript was never expressed as a
recombinant protein and not sequenced. Therefore, it was
assume that the protein coding for NK4 was a secreted
protein. The NK4 transcript is presently termed IL-32y. It
remains unknown if this isoform is, in fact, secreted. Primary
human T cells stimulated with anti-CD3 synthesise IL-32
with a molecular weight of 25 kDa, which on western blot is
found in lysates, not supernatants. Similar findings were
reported for 293T cells transfected with either IL-32y or IL-
32f.° In human peripheral blood mononuclear cells stimu-
lated with ConA, most of the IL-32 is found in the lysates.’
Overexpression of IL-32a or IL-32P in COS cells results in
secreted IL-32.* Primary human blood monocytes secrete
some IL-32 into the supernatant. It remains unclear which of
the IL-32 isoforms (see fig 1) are secreted from a particular
cell type and moreover, the type of stimuli that induce
secretion. It is also clear that T cells activated by phorbol
myristate acetate (PMA) and inomycin or NK cells activated
by IL-2 do not secrete IL-32 or alternatively, the secreted IL-
32 is derived from “leaky” cells since there is co-presence of
GAPDH in the same supernatants. The authors concluded
that IL-32 is secreted only as a result of cell death.® T cells are

Figure 1 Isoforms of human IL-32. The
numbers on the top represent the exon
number. ATG indicates the first three
codons for the N-terminal amino acid
of IL-32. Isoforms o, B, v, & were
reForted in reference 2 and € and ¢ in
erence 6.



Role of IL-32 in disease

known not to secrete TNFo, but, nevertheless, membrane
TNFa may account for a large component of the biological
effects of TNFa.

Using HelLa cells overexpressing IL-32 under the control
of tetracycline removal undergo apoptosis.® These results
suggest that there is a role for intracellular IL-32 and that role
is one of cell death. Using the same HeLa cell line in which
removal of tetracycline results in increased cell death, the co-
transfection short-hairpin RNA coding for IL-32 resulted in a
50% decrease in the expression of the IL-32 protein
intracellularly. Under conditions of increased expression of
1L-32, the RNA interference decreased cell death.® These
results also support the concept that high levels of IL-32p
intracellularly are inducing cell death. Whether such a
phenomenon in Hela cells overproducing IL-32 is also a
dominant property of IL-32 in primary cells remains to be
established.

THE SEARCH FOR THE IL-32 RECEPTOR

In an attempt to isolate a putative IL-32 receptor, we
employed ligand affinity chromatography. This method has
been used to isolate the soluble (extracellular) forms of cell-
bound receptors from highly concentrated human urine."
Therefore, concentrated urine was applied to a column
comprised of IL-32a covalently immobilised to agarose beads.
After extensive washing with neutral buffer, bound proteins
were eluted at low pH. Aliquots of the various fractions were
resolved by SDS-PAGE under non-reducing conditions and
the protein bands were visualised by silver staining. We
detected a broad band corresponding to a specific 1L-32a
binding protein with an apparent molecular weight between
28 kDa and 32 kDa protein mainly in the acid-eluted
fraction." A band of this molecular weight was not observed
in the wash fractions, which contain non-binding urinary
proteins. The purified elution fraction 3 was concentrated
and subjected to SDS-PAGE. Bands were visualised by silver
staining and the 28-32 kDa protein band was excised and
analysed by liquid-chromatography and tandem mass spec-
trometry. The sequence of three tryptic peptides was
unequivocally determined and revealed that the isolated IL-
320 binding protein was proteinase 3.

We measured the binding affinities of urinary or neutro-
phil-derived proteinase 3 (PR3) to IL-32a by surface plasmon
resonance. The dissociation constant was determined to be
2.65x10% M." The experiment was repeated with PR3 that
was rendered enzymatically inactive by pretreatment with
phenylmethylsulphonyl fluoride (PMSF). Unexpectedly,
the dissociation constant did not change significantly
(kD =7.9%x10"% M). A similar analysis was performed with
PR3 purified from neutrophils. The affinity was comparable
with that of the urinary PR3 (kD =1.2x10"% M). As in the
case of urinary PR3, the affinity of the neutrophil PR3 was
not affected by pretreatment with PMSF (kD = 3.5x10"% M).
Thus, PR3 derived from urine and neutrophils has similar
binding affinities to recombinant IL-32o and binding of IL-
320 to PR3 is independent of its enzymatic activity.

Cumulative data indicate that PR3 can have direct effects
on intracellular processes in the absence of proteolytic
activity. For example, PR3 rendered enzymatically inactive
by al-proteinase inhibitor has been shown to induce IL-8,
both at the transcriptional and translational level.”” Also, a
secreted, inactive form of PR3 (a complex of PR3 and the
serine proteinase inhibitor ol-antitrypsin), as well as an
enzymatically silent mutant of PR3 have been shown to down
modulate DNA synthesis in normal haematopoietic progeni-
tor cells.” This effect was reversed by the presence of
granulocyte-macrophage colony stimulating factor, implying
that PR3 can function as a counterbalance to regulators of
proliferation."” In addition, enzymatically inactive PR3 induce
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apoptosis of bovine pulmonary artery endothelial cells.”* PR3
fragments generated by deletion of the catalytic triad are
enzymatically inactive but induce apoptosis in human
umbilical vein endothelial cells.” Therefore, PR3 seems to
be a multifunctional protein influencing cell cycle, differ-
entiation, and cell death.

We attempted to dissect the binding capability of PR3 from
its enzymatic activity, the BIAcore binding was performed
with PMSF treated PR3. PMSF, a serine protease inhibitor,
inactivates PR3." No significant change in the binding
affinity of either urinary- or neutrophil-derived PR3 to IL-
320 was observed following inactivation by PMSFE. The rapid
turnover of substrates bound to the active site of enzymes
exclude the possibility of isolating enzymes by binding to
their immobilised substrates. The enzyme PR3 was isolated
due to its binding to its “substrate’”” IL-32a. Therefore, it is
likely that the binding of PR3 to the immobilised IL-32a
represents the non-enzymatic interaction of enzyme to
substrate and supports the concept that binding of IL-32a
and the processing of IL-32a are two separate properties of
PR3. The non-enzymatic role of PR3 as an inhibitor IL-32a
activity similar to other cytokine binding proteins'® is yet to
be established.

A role for PR3 in cytokine mediated disease may be due to
its enzymatic property by which PR3 activates the proteinase
activated receptor (PAR)-2. PAR-2 is found in many tissues
where it participates in proinflammatory and pathological
roles. For example, in mice deficient for PAR-2, surgical
trauma induced, leucocyte mediated endothelial inflamma-
tion is reduced.”” PAR-2 appears to play an essential role in
models of arthritis. Inflammatory arthritis is significantly
decreased in PAR-2 deficient mice and PAR-2 agonists induce
joint inflammation.” PAR-2 specific activating peptides
induce colonic granulocyte infiltration and elevated T helper
type 1 cytokines but not in PAR-2 deficient mice.” Other
investigators have reported a significant participation of PAR-
2 in airway secretion and inflammation® and in infectious
colitis.*® As its name connotes, PAR-2 is activated by
proteases; trypsin, mast cell chymase, and PR3 all activate
PAR-2 and result in downstream inflammation.

Cytokine induced inflammation is also linked to PR3 and
PAR-2 activation. For example, in cells activated by agonistic
anti-PR3 antibodies, chemokines IL-8 and MCP-1 are readily
produced but transfection with small interfering RNA specific
for PAR-2 markedly reduced the production of these
inflammatory chemokines.” In addition to agonist anti-
PR3, several proinflammatory cytokines such as IL-1 and TNF
increase both membrane as well as soluble PR3.* The
cytokine-induction of PR3 results in cleavage and activation
of PAR-2 with its downstream proinflammatory effects.
Interferon y (IFNy) is a particularly potent inducer of PR3
activity in epithelial cells** and IFNy induced epithelial cell
PR3 also cleaves the inactive IL-18 precursor into an active
cytokine.”” Therefore, it is possible that the induction of IL-32
in IFNy stimulated epithelial cells® includes the induction of
active PR3* with subsequent limited proteolysis resulting in
increased IL-32 activity.

As most of the IFNy induced PR3 is membrane bound,* it
is an attractive hypothesis that cleavage and increased
activity of IL-32 described in this report take place on the
cell membrane. It is likely that IL-32 is first inserted into the
plasma membrane via three putative myristoylated side
groups” followed by PR3-mediated cleavage. Lacking signal
peptides, myristoylated cytokines such as IL-1oc and TNFo are
found as membrane inserted proteins where they are
biologically active.** Membrane IL-lac is cleaved by a
calcium activated calpain®” and membrane TNFa is cleaved
by serine proteases, both resulting in the release of the
cytokines into the extracellular space. In the present study,
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limited proteolysis of soluble recombinant IL-32a resulted in
the formation of two peptides of 16 kDa and 13 kDa. When
these fragments of IL-32 were assessed for biological activity,
there was an increase in the induction of macrophage
inflammatory protein-2 and IL-8 from mouse and human
monocytes, respectively. Extended cleavage of IL-32 by PR3
destroyed the cytokine. It is possible that membrane IL-32 is
oriented so that membrane PR3 cleaves the cytokine by
limited proteolysis. A similar limited proteolysis by serine
proteases of membrane TNFa also exists.?
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