
IL-32, a proinflammatory cytokine
in rheumatoid arthritis
Leo A. B. Joosten*†, Mihai G. Netea‡§, Soo-Hyun Kim§, Do-Young Yoon¶, Birgitte Oppers-Walgreen*,
Timothy R. D. Radstake*�, Pilar Barrera�, Fons A. J. van de Loo*, Charles A. Dinarello§**, and Wim B. van den Berg*

*Rheumatology Research and Advanced Therapeutics and Departments of �Rheumatology and ‡Internal Medicine, Radboud University Nijmegen Medical
Centre, 6500 HB, Nijmegen, The Netherlands; §Division of Infectious Diseases, University of Colorado Health Sciences Center, Denver, CO 80262;
and ¶Department of Biology, Korea Research Institute of Biotechnology, Taejeon 305-600, Korea

Contributed by Charles A. Dinarello, December 28, 2005

IL-32 is a recently discovered cytokine that induces TNF�, IL-1�, IL-6,
and chemokines. We investigated whether IL-32 is expressed in the
synovia of patients with rheumatoid arthritis (RA) and studied
associations with disease severity and the presence of other
cytokines. 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 osteoarthritis.
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
and P < 0.0003). Synovial staining of IL-32 also correlated with
indices of synovial inflammation (R � 0.80 and P < 0.0001) as well
as synovial presence of TNF� (R � 0.68 and P < 0.004), IL-1� (R �

0.79 and P < 0.0001), and IL-18 (R � 0.82 and P < 0.001). IL-32 was
a potent inducer of prostaglandin E2 release in mouse macro-
phages and human blood monocytes, an important property for
inflammation. After the injection of human IL-32� into the knee
joints of naı̈ve mice, joint swelling, with pronounced influx of
inflammatory cells and cartilage damage, was observed. In TNF�-
deficient mice, IL-32-driven joint swelling was absent and cell
influx was markedly reduced, but loss of proteoglycan was unaf-
fected, suggesting that IL-32 activity is, in part, TNF�-dependent.
IL-32, strongly associated with TNF�, IL-1�, and IL-18, appears to
play a role in human RA and may be a novel target in autoimmune
diseases.

autoimmune � inflammation � tumor necrosis factor

Rheumatoid arthritis (RA) is a systemic autoimmune inflam-
matory disease that predominantly affects multiple periph-

eral joints. Although the exact mechanisms that contribute to the
disease pathogenesis are still largely unknown, it is generally well
accepted that numerous inflammatory cells such as T cells, B
cells, fibroblast-like synoviocytes, and antigen-presenting cells
and their extensive production of proinflammatory mediators,
such as TNF� and IL-1, are implicated. Histopathologic features
of RA synovial tissue encompass infiltration by macrophages
and T cells, synovial lining hyperplasia, neoangiogenesis, and
pannus formation (1–5). A large body of evidence points toward
an autoimmune component in RA. First, the recognition
HLA-DR subtypes, which are associated with RA, indicate the
involvement of antigen-presenting cells, such as dendritic cells
and macrophages, as well as T cells (6, 7). Second, RA is
associated with the production of autoantibodies such as the
rheumatoid factor and antibodies against cyclic citrullinated
peptide (8, 9). Moreover, studies suggest the involvement of both
Fc�R and Toll-like receptors in arthritis, which are of critical
importance in autoimmunity (10–12).

IL-32 is a recently described cytokine produced by T lympho-
cytes, natural killer cells, epithelial cells, and blood monocytes
(13, 14). Of particular importance, IL-32 is prominently induced
by IFN-� in epithelial cells and monocytes (13). Human recom-
binant IL-32 exhibits several properties typical of a proinflam-
matory cytokine (13, 14). For example, the cytokine induces

other proinf lammatory cytokines and chemokines such as
TNF�, IL-1�, IL-6, and IL-8 by means of the activation of NF-�B
and p38 mitogen-activated protein kinase (13, 14). An unex-
pected property of IL-32 is its ability to augment by 10-fold the
production of IL-1� and IL-6 induced by muramyl dipeptides by
means of the nucleotide oligomerization domains 1 and 2
(NOD1 and NOD2) through a caspase-1-dependent mechanism
(14). A single mutation in NOD2 plays a role in a subgroup of
patients with Crohn’s inflammatory bowel disease. Together,
studies suggest that IL-32 has an important role in inflammation,
both during host defenses against microorganisms and in auto-
immune diseases.

To determine the participation of IL-32 in the inflammatory
processes of RA, we investigated the expression of IL-32 in RA
synovial tissue from patients with unaffected joints and with
moderate or severe arthritis. We examined whether the local
expression of IL-32 is related to that of other proinflammatory
cytokines. Moreover, we assessed potential arthritogenic capac-
ity of IL-32 and determined whether IL-32-mediated inflamma-
tion depends on TNF�. We report here that the synovial
expression of IL-32 is strongly correlated with that of TNF� and
IL-1�, but also with the severity of microscopic and macroscopic
joint inflammation. IL-32 itself induces joint inflammation with
concomitant mild cartilage damage when injected intraarticu-
larly (i.a.) in murine knee joints. Our findings support the role
of IL-32 as a primary proinflammatory mediator in RA. The new
cytokine IL-32 drives the local production of proinflammatory
cytokines such as TNF� and therefore represents a potential
target in RA.

Results
Clinical Features. The clinical and demographic features of the
patients with moderate or severe arthritis at the time of joint
biopsies have been published (15, 16). All patients had active
disease as defined by the inclusion criterion of disease activity
scores �3.2. Not unexpectedly, patients with severe clinical knee
joint arthritis tended to have a more active disease as reflected
by higher values for disease activity score, erythrocyte sedimen-
tation rate (ESR), and C-reactive protein.

IL-32 Is Highly Expressed in RA Synovial Tissue. IL-32 staining was
detectable in 83% (25 of the 29 patients) of the synovial
biopsies, and, as shown in Fig. 1, the cytokine is distributed in
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lining, sublining, and endothelial cells. Intense staining was
found predominantly 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 than in those with moderate or severe
visual knee inf lammation (Fig. 2). Moreover, the semiquan-
titative scores for IL-32 in the lining were highly correlated
with those for microscopic inf lammation on hematoxylin and
eosin (H&E) sections (R � 0.80 and P � 0.0001) and also with
the acute phase reaction as measured by the ESR (R � 0.71 and
P � 0.0001) as shown in Table 1.

Expression of IL-32 Strongly Associates with TNF�, IL-1�, and IL-18
Protein Levels in RA Synovial Tissue. We assessed whether the
synovial expression of IL-32 was related to the expression of
other cytokines. IL-32 was expressed in 83% of the RA patients
and variably present in the synovial lining, sublining layer, and
endothelial cells, whereas TNF� was detectable in only 50% of
the RA patients. In contrast, IL-1� staining was observed in
most synovial biopsies (90% of the RA patients), whereas IL-18
was detectable in 79% of the RA synovial tissue samples (15).
The levels of IL-32 and TNF� expression in the same biopsies
were strongly correlated (R � 0.68 and P � 0.004 for lining).
However, a greater association was found for IL-32 presence in
the lining layers with the expression of IL-1� and IL-18 in the
same biopsies (R � 0.79 and P � 0.0001 for IL-1�; R � 0.82 and
P � 0.0001 for IL-18). These data are shown in Table 1.

Recombinant IL-32 Induces the Release of Proinflammatory Mediators
by Mouse Macrophages and Human Peripheral Blood Mononuclear
Cells (PBMC). When peritoneal macrophages collected from C3H�
HeJ mice were cultured in vitro, human IL-32 induced the
production of the TNF� and IL-1�, as well as that of the
chemokine macrophage inflammatory protein 2 (MIP-2) (Fig.
3A). In addition, IL-32 stimulated the production of prostaglan-
din E2 (PGE2) by human PBMC, an important mediator of
cartilage and bone destruction in RA (Fig. 3B).

Local Injection of Human IL-32 Induces Severe Joint Inflammation. It
was not known whether human IL-32 directly induces joint
inflammation as an indication of its role in the arthritic processes
of RA. Therefore, we injected recombinant human IL-32�
locally in knee joints of naı̈ve C57�Bl6 mice. The inflammatory
response of IL-32� was compared with that of injections of either
TNF� or IL-1�. Fig. 4A shows that a single injection of 100 ng
of IL-32� resulted in moderate joint swelling at day 1 (right-to-
left knee ratio of 1.41 � 0.09) and decline at day 4. Interestingly,
IL-32� was more potent in its ability to induce joint swelling than
was TNF� (right-to-left ratio of 1.24 � 0.06) at day 1. In contrast,
injection of IL-1� did not result in detectable joint swelling,
which is consistent with previous studies (17). Histological
analysis of injected knee joints revealed that IL-32 resulted in a
severe influx of inflammatory cells into the joint space as well as
into synovial tissue at day 1 (Fig. 4 C and D). Importantly, joint
inflammation was still present 4 days after a single IL-32
injection, although the number of inflammatory cells in the
synovial lining was limited (Fig. 4E). Shortly after local injection

Fig. 1. IL-32 expression in RA synovial tissue biopsies. (A) Synovial tissue
sample from a healthy individual. (C) RA synovial tissue, not inflamed. (E) RA
synovial tissue, moderately inflamed. (G) RA synovial tissue, severely inflamed.
(B, D, F, and H) Control staining was performed with nonrelevant isotope
control antibody. H&E staining was performed as counterstaining. (Original
magnification �400.)

Fig. 2. Expression of synovial IL-32 in relation to macroscopic knee scores of
patients with RA. On macroscopic scoring, the knee joints that underwent
percutaneous biopsing were categorized as noninflamed, moderately in-
flamed, and severely inflamed. Staining for IL-32 was semiquantitatively
scored on a five-point scale (range 0–4) at �200 magnification; a score of 0
represented no or minimal staining, a score of 1 indicated 10–20% positive
cells, a score of 2 indicated 30–40% positive cells, a score of 3 indicated
50–60% positive cells, and a score of 4 represented staining of �60% of the
cells. Data were derived from 29 RA patients with active disease.

Table 1. IL-32 correlations with inflammation and cytokines

Parameters R value P value

Inflammation 0.80 �0.0001
ESR 0.63 �0.0003
TNF� 0.68 �0.004
IL-1� 0.079 �0.0001
IL-18 0.082 �0.0001

Synovial lining expression of IL-32 was correlated with microscopic inflam-
mation of the biopsies. Serum levels of ESR were measured in 29 RA patients
with active disease and correlated with IL-32 expression in synovial tissue.
Correlations are expressed by using Spearman’s rank correlation coefficient.
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of IL-32 (days 1 and 2), the infiltrating cells were predominantly
neutrophils, whereas in later stages monocyte�macrophage-like
cells were present (Fig. 4E). Interestingly, IL-32 did not induce
marked loss of proteoglycan shortly after i.a. application (days 1
and 2). However, at day 4 a depletion of the cartilage layer was
noted when compared with control knee joint (Fig. 4 F and G).
As controls, recombinant IL-32� was injected in two LPS-
resistant mouse strains (C3H�HeJ and Toll-like receptor 4-
deficient), and identical results were seen as in WT mice (data
not shown).

IL-32-Mediated Joint Inflammation Is, in Part, TNF�-Dependent. Be-
cause it is demonstrated that IL-32 induces TNF� in several cells
types in vitro, we investigated the extent of TNF� dependency in
vivo. Therefore, we injected IL-32� directly into knee joints of
TNF� gene knockout mice and analyzed joint swelling and
histopathology. Fig. 5A shows that IL-32-induced joint swelling
was completely TNF�-dependent, because no joint swelling was
detectable on day 1 or day 2. Histological examination revealed
that TNF� is partially involved in IL-32-driven influx of inflam-
matory cells into the joint. Fig. 5 B and C illustrates the TNF�
dependency of IL-32�-induced influx of inflammatory cells.
Reduced numbers of cells were noted in the synovial tissue or
joint cavity of TNF�-deficient mice (Fig. 5C). In addition,
IL-32-mediated proteoglycan loss of the cartilage at day 4 was
slightly reduced in TNF�-deficient mice when compared with
WT mice (Fig. 5 D and E).

Discussion
In the present study we demonstrate that the proinflammatory
cytokine IL-32 has arthritogenic effects in mice, and it correlates
with the severity of inflammation in synovial biopsies of RA
patients. This study directly demonstrates the role of IL-32 in a
human disease and identifies IL-32 as a potential therapeutic
target in RA.

IL-32 was initially identified as a transcript expressed after
stimulation by IL-2 or IFN� (reviewed in ref. 13), but the gene
product was subsequently shown to possess the property of a
proinflammatory cytokine inducing other cytokines such as
TNF�, IL-1�, IL-6, and chemokines (13). These properties

Fig. 3. Production of proinflammatory mediators by IL-32. (A) TNF� and
MIP-2 production of peritoneal macrophages isolated from LPS-resistant mice
(C3H�HeJ mice). Murine TNF� and MIP-2 were measured after 24-h IL-32
exposure by electrochemiluminescence (13). Data are the mean � SD levels of
three identical experiments. (B) PGE2 production of human PBMC stimulated
with IL-32. PBMC isolated from two healthy donors were exposed for 24 h to
IL-32 in a dose ranging from 1.25 ng�ml to 20 ng�ml. PGE2 concentrations were
measured by enhanced electrochemiluminescence with acetylcholinesterase-
conjugated tracer used for quantification. The sensitivity of the assay was 25
pg�ml.

Fig. 4. Joint inflammation provoked by local IL-32� injection. (A) Joint
swelling after i.a. injection of 100 ng of recombinant IL-32� into the right knee
joints of C57�Bl6 mice, determined by the 99mTc-uptake method. IL-32 was
compared with 100 ng of either murine TNF� or murine IL-1�. Polymyxin B (7
ng) was injected as control. (B) Histopathology at day 2 after i.a. injection of
polymyxin B (7 ng). H&E staining was performed. (Original magnification,
�100.) (C) Joint inflammation after i.a. injection of 100 ng of IL-32�. H&E
staining was performed. (Original magnification, �100.) (D) Severe cell influx
in joint cavity and synovial tissue. H&E staining was performed. (Original
magnification, �200.) (E) Monocyte�macrophage-like cells at day 4 after
IL-32� injection. H&E staining was performed. (Original magnification, �400.)
(F) No cartilage matrix proteoglycan loss at day 4 after polymyxin B injection,
visualized by Safranin O staining. (Original magnification, �200.) (G) Deple-
tion of cartilage proteoglycans at day 4 after IL-32� exposure.
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suggested that IL-32 might play an important role in the ampli-
fication of inflammatory reactions. Indeed, we have described an
additional but unexpected proinflammatory effect of IL-32,
namely the augmentation of cytokine production by muramyl
peptides (14). Muramyl peptides are present in all bacteria. In
fact, the production of IL-6 by muramyl peptides depends on
active IL-1� release, which, in turn, requires caspase-1. This
property of IL-32 to amplify the proinflammatory signals in-
duced by the intracellular pattern recognition receptor NOD2
has particular importance because a mutation in NOD2 is known
to be involved in the pathogenesis of Crohn’s disease (14). These
and the present data suggest that IL-32 is an important proin-
flammatory mediator possibly involved in the pathogenesis of
several autoimmune diseases. This hypothesis is supported by the
data observation that IL-32 is expressed in the synovial tissue
from 83% of the RA patients tested.

The importance of IL-32 for the induction of inflammation in the
RA-affected joints is sustained by the observation that IL-32
expression was correlated with markers of inflammation such as
ESR. In addition, IL-32 expression strongly correlated with the
expression of other proinflammatory cytokines (TNF�, IL-1�, and
IL-18) in the synovial biopsies. It is generally accepted that TNF�
and IL-1� are the master cytokines in the process of chronic joint

inflammation (18, 19). Arthritis could be elicited by local injection
of recombinant cytokines into the joint (17), and chronic, erosive
arthritis develops spontaneously in mice overexpressing human
TNF� (20, 21) or lacking the natural inhibitor of IL-1, namely the
IL-1 receptor antagonist (22, 23). In addition, IL-18 has been
described by us and other authors to be an important proinflam-
matory mediator in RA (15, 24–26). Because IL-32 was strongly
correlated with the expression of these cytokines in the synovial
biopsies and because IL-32 induces these other cytokines in vitro, we
conclude that IL-32 may participate in the positive-feedback mech-
anisms inducing inflammation.

An important aspect of this study deals with the possible
mechanisms through which IL-32 induces inflammation in the
joint. One important aspect is represented by the induction of
other proinflammatory cytokines (TNF�, IL-1, and IL-18), as
detailed above. The effects of these cytokines on cell recruitment
and activation, cartilage destruction, and bone destruction (21,
22) could in turn explain part of the effects of IL-32. Indeed,
when TNF�-deficient mice were injected with recombinant
human IL-32�, the joint swelling induced by a single i.a. injection
of IL-32 was fully absent, demonstrating that this particular
proinflammatory effect of IL-32 is due to intermediary produc-
tion of TNF�. It was previously demonstrated that TNF� is the
pivotal cytokine that drives joint swelling in acute joint inflam-
mation (27, 28). Interestingly, the influx of proinflammatory
cells was partly TNF-dependent. The IL-32-driven cell influx
might be a result of the direct effect of IL-32 and IL-32-induced
TNF� production. Both IL-32 and TNF� are potent inducers of
MIP-2 and IL-8 in macrophages (Fig. 3A and refs. 13 and 14).
The latter cytokines attract inflammatory cells to sites of in-
f lammation (29, 30).

In addition, IL-32 could exert direct effects on the inflamma-
tory reaction in the joint. Injection of IL-32 induced a marked
recruitment of inflammatory cells in the joints, which is a crucial
event in the inflammatory reaction. Moreover, a substantial
body of evidence exists that PGE2 exerts pathological roles in the
pathogenesis of RA, especially through its effects on cartilage
and bone destruction (31, 32). Low concentrations of IL-32
induced production of PGE2 from human monocytes and mouse
macrophages, which is an additional likely mechanism through
which IL-32 exerts its arthritogenic effects. Consistent with these
in vitro data is the observation that IL-32 induced depletion of
proteoglycans from the cartilage layer 4 days after the i.a.
injection (Fig. 4G). Interestingly, cartilage proteoglycan deple-
tion was not TNF�-dependent, because only a minor reduction
of proteoglycan loss was noted in TNF�-deficient mice after
IL-32 injection. Of note, because the murine homolog of IL-32
has yet to been isolated as of this writing, studies with neutral-
izing antibodies to murine IL-32 in mouse models of arthritis
could not be included in the present study.

The importance of IL-32 for the inflammatory reactions in RA
gains further support from two other studies. In one study, IL-32
was the gene most strongly correlated with the inflammation of RA
(33). In that study, the expression of a large number of proinflam-
matory genes was analyzed by microarray comparing genes ex-
pressed synoviocytes from eight patients with RA to those in nine
patients with osteoarthritis. IL-32 was the most prominently dif-
ferentially expressed gene in RA but not in osteoarthritis (33). A
second study demonstrated that overexpression of human IL-32
promotes the development of murine type II collagen-induced
arthritis (34). Consistent with present study, it was shown that IL-32
promotes proliferation and expression of proinflammatory cyto-
kines in murine macrophages.

In conclusion, the clinical data presented in this study and
those of other investigators (33) as well as the ability of IL-32 to
exert arthritogenic properties in mice (34) implicate IL-32 as a
proinflammatory cytokine participating in the synovitis of RA
and possibly of the destruction component on cartilage. Because

Fig. 5. IL-32-driven joint inflammation in TNF�-deficient mice. (A) Joint
swelling was determined at days 1 and 2 after i.a. injection of 100 ng of IL-32�

into WT or TNF�-deficient (TNF�/�) mice. As control, 6 �l of polymyxin B (7 ng)
was injected in the left knee joint (data not shown). The data represent five
mice per group. *, P � 0.001, Mann–Whitney U test, compared with WT mice.
(B) Synovitis at day 2 after i.a. injection of 100 ng of IL-32� into the knee of a
WT mouse. H&E staining was performed. (Original magnification, �200.) (C)
Cell influx in the synovial lining of same dose of IL-32 in TNF�-deficient mice.
(D and E) Proteoglycan loss in patella and femur cartilage layers in both WT
and TNF�-deficient mice. Safranin O staining was performed. (Original mag-
nification, �200.) See Fig. 4F for normal cartilage proteoglycan staining.
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IL-32 expression correlates with clinical and histological markers
of disease severity as well as the presence of cytokines known to
be important in the pathogenesis of RA, reducing IL-32 activity
may provide benefit to patients with RA.

Materials and Methods
Patients. Twenty-nine consecutive patients with RA were en-
rolled in the study. All patients met the American College of
Rheumatology criteria for RA (35). The disease activity was
calculated by using the disease activity score, and, for the current
study only, patients with a disease activity score �3.2 were
included (15, 16). The therapeutic regimens of all patients were
recorded before blood sampling. Patients receiving prednisone
within 6 weeks or biologic therapies, including anti-TNF� or IL-1
receptor antagonist, before the study were not included. Percu-
taneous biopsies of the knee joint were performed with a
Parker–Pearson needle after local administration of anesthesia.
An average of 30 samples was obtained at each procedure.
Before the biopsy, the ESR was measured, and knee joints were
scored by an experienced rheumatologist (P.B.) for the absence
(score of 0) or presence of local pain, swelling, or effusion (score
of 1, respectively, for each of these). The three scores were
added, and patients were classified as having no (score 0),
moderate (score 1–2), or severe (score 3) knee-joint arthritis.
The synovial tissue from healthy individuals and patients with
osteoarthritis was isolated during arthroscopic procedures per-
formed by orthopedic surgeons. The Medical Ethics Committee
of the Radboud University Nijmegen Medical Centre approved
the study protocol.

Antibodies for Detection of IL-32, IL-18, IL-1�, and TNF�. Monoclonal
anti-human IL-32 was generated as described (13). Affinity-
purified goat anti-human IL-32 was used to detect IL-32 expres-
sion in RA synovial tissue specimens (13). Monoclonal antibod-
ies against human TNF� (IgG1 and 52B83) were obtained from
Monosan (Uden, The Netherlands). Monoclonal antibodies
against human IL-1� (IgM and AB-1) were obtained from
Oncogene Science, and monoclonal antibodies against human
IL-18 (IgG and AF 318) were purchased from R & D Systems.
Biotinylated swine anti-rabbit Ig affinity-isolated F(ab�)2 was
obtained from DAKO. Avidin peroxidase (Elite kit) was ob-
tained from Vector Laboratories.

Immunohistochemical Analysis of RA Synovial Tissues. Tissue sam-
ples were immediately fixed with 4% formaldehyde and embed-
ded in paraffin. After dewaxing and dehydration, sections were
blocked with normal swine serum followed by 60 min of incu-
bation with the antibodies against IL-32, IL-18, IL-1�, and TNF�
at a concentration of 0.3 �g�ml. The secondary antibody,
biotinylated swine anti-rabbit Ig, was added to the incubation for
30 min. Slides were stained with streptavidin peroxidase, devel-
oped with diaminobenzidine, and counterstained with hematox-
ylin for 30 s. Sections were coded and randomly analyzed by two
blinded observers (B.O.-W. and L.A.B.J.). Inadequate sections,
which lacked synovial lining, were left out of the analysis.
Staining for IL-32 was semiquantitatively scored on a five-point
scale (range 0–4) at �200 magnification; a score of 0 repre-
sented no or minimal staining, a score of 1 indicated 10–20%
positive cells, a score of 2 indicated 30–40% positive cells, a
score of 3 indicated 50–60% positive cells, and a score of 4
represented staining of �60% of the cells. Staining for IL-1�,
IL-18, and TNF� was performed as described (15, 16).

PGE2 Production by Human PBMC. Briefly, PBMC were isolated
from heparinized venous blood by using density-gradient cen-
trifugation over Histopaque (Sigma) The interphase was col-
lected and washed twice with citrated PBS. After washing,
PBMC were adjusted to 5 � 105 cells per ml in RPMI medium

1640 supplemented with antibiotics and 10% heat-inactivated
FCS (Life Technologies, Breda, The Netherlands). The PBMC
were incubated with IL-32� (10 ng�ml) for 24 h at 37°C. PGE2
concentrations were measured by enhanced electrochemilumi-
nescence with acetylcholinesterase-conjugated tracer used for
quantification (36, 37). The sensitivity of the assay was 25 pg�ml.

Animals. Male C57�Bl6 mice were obtained from Charles River
Wiga (Sulzfeld, Germany). C3H�HeJ mice were obtained from
The Jackson Laboratory. Toll-like receptor 4 gene-deficient
mice (C57�Bl6 background) were a kind gift of S. Akira (Osaka
University, Osaka). Breeder pairs of TNF�-deficient mice
(129Sv�C57/Bl6 background) were obtained from G. Kollias
(Biomedical Sciences Research Center, Athens, Greece). The
mice were housed in filter-top cages, and water and food were
provided ad libitum. Care was taken to house all of the deficient
and control littermate mice under identical conditions. The mice
were used at the age of 10–12 weeks.

Cytokine Production by Murine Peritoneal Macrophages. To investi-
gate the capacity of recombinant IL-32 to stimulate proinflam-
matory mediators in mice, peritoneal macrophages of C3H�HeJ
mice were stimulated with purified recombinant IL-32. The cells
were harvested 10 min after the i.p. injection of 4 ml of sterile
PBS containing 0.38% sodium citrate. After centrifugation and
washing, the cells were resuspended in RPMI medium 1640.
Cells were cultured in 96-well microtiter plates at 1 � 105 cells
per well in a volume of 100 �l. After stimulation for 24 h with
recombinant IL-32 (10 ng�ml and 20 ng�ml), the proinflamma-
tory cytokines TNF� and MIP-2 were measured by electro-
chemiluminescence as described (13, 14).

i.a. Injection of Human IL-32 in Murine Knee Joints. Recombinant
human IL-32� was i.a. injected in the right knee joint of C57�Bl6
mice at a concentration of 100 ng per 7 �l. IL-32� was prein-
cubated with polymyxin B (1 �g�ml) for 30 min at room
temperature. As control, 7 �l of polymyxin B (1 �g�ml) was
injected in the left knee joint. Murine IL-1� and TNF� were
obtained from R & D Systems. Joint swelling and histopathology
were examined at days 1, 2, 4, and 7 after injection of human
IL-32�. To exclude a potential effect of LPS contamination of
the recombinant human IL-32�, Toll-like receptor 4 gene-
deficient mice were injected i.a. with 100 ng of human IL-32�. To
determine the contribution of endogenous TNF� in IL-32-
mediated joint pathology TNF� gene-deficient mice were in-
cluded in the study.

Measurement of Murine Joint Inflammation. Joint inflammation was
quantified by the 99mTc-uptake method (26, 27). This method
measures by external � counting the accumulation of a small
radioisotope at the site of inflammation because of local in-
creased blood flow and tissue swelling. The severity of inflam-
mation is expressed as the ratio of the 99mTc uptake in the right
(inflamed) over the left (control) knee joint. All values exceed-
ing 1.10 were assigned as inflammation.

Histology. Mice were killed by ether anesthesia. Thereafter,
whole knee joints were removed and fixed for 4 days in 4%
formaldehyde. After decalcification in 5% formic acid the
specimens were processed for paraffin embedding. Tissue sec-
tions (7 �m) were stained with H&E (cell influx) or Safranin O
(cartilage proteoglycan depletion). Histopathological changes
were scored by using the following parameters. Infiltration of
cells was scored on a scale of 0–3, depending on the amount of
inflammatory cells in the synovial cavity and synovial tissues.
The loss of proteoglycans was scored on a scale of 0–3, ranging
from full stained cartilage to destained cartilage or complete loss
of articular cartilage. Histopathological changes in the knee
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joints were scored in the patella�femur region on five semiserial
sections of the joint spaced 70 �m apart. Scoring was performed
on decoded slides by two observers, as described (26, 27, 38).

Statistical Analysis. Analysis was performed by using PRISM,
version 4.0 for Windows (GraphPad, San Diego). Data are
expressed as mean or as median as appropriate. Within-groups
comparisons were analyzed by paired Student’s t test or Mann–

Whitney rank-sum test. Correlations are expressed by using the
Spearman’s rank correlation coefficient. Only P values �0.05
were considered significant.
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