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Abstract

IL-32 is a newly described cytokine in the human found to be an
in vitro inducer of tumor necrosis factor alpha (TNFα). We
examined the in vivo relationship between IL-32 and TNFα, and
the pathologic role of IL-32 in the TNFα-related diseases –
arthritis and colitis. We demonstrated by quantitative PCR assay
that IL-32 mRNA was expressed in the lymphoid tissues, and in
stimulated peripheral T cells, monocytes, and B cells. Activated
T cells were important for IL-32 mRNA expression in monocytes
and B cells. Interestingly, TNFα reciprocally induced IL-32
mRNA expression in T cells, monocyte-derived dendritic cells,
and synovial fibroblasts. Moreover, IL-32 mRNA expression was
prominent in the synovial tissues of rheumatoid arthritis patients,
especially in synovial-infiltrated lymphocytes by in situ
hybridization. To examine the in vivo relationship of IL-32 and
TNFα, we prepared an overexpression model mouse of human
IL-32β (BM-hIL-32) by bone marrow transplantation.
Splenocytes of BM-hIL-32 mice showed increased expression

and secretion of TNFα, IL-1β, and IL-6 especially in response to
lipopolysaccharide stimulation. Moreover, serum TNFα
concentration showed a clear increase in BM-hIL-32 mice. Cell-
sorting analysis of splenocytes showed that the expression of
TNFα was increased in resting F4/80+ macrophages, and the
expression of TNFα, IL-1β and IL-6 was increased in
lipopolysaccharide-stimulated F4/80+ macrophages and
CD11c+ dendritic cells. In fact, BM-hIL-32 mice showed
exacerbation of collagen-antibody-induced arthritis and
trinitrobenzen sulfonic acid-induced colitis. In addition, the
transfer of hIL-32β-producing CD4+ T cells significantly
exacerbated collagen-induced arthritis, and a TNFα blockade
cancelled the exacerbating effects of hIL-32β. We therefore
conclude that IL-32 is closely associated with TNFα, and
contributes to the exacerbation of TNFα-related inflammatory
arthritis and colitis.

Introduction
Tumor necrosis factor alpha (TNFα) is a potent proinflamma-

tory cytokine and is related to several inflammatory diseases

such as rheumatoid arthritis (RA) and inflammatory bowel dis-

eases (IBDs). RA is a persistent inflammatory arthritis and is

thought to be an autoimmune disease. Inflammation of the

joints results in the destruction of cartilage and bone early in

the course of the disease. Although the pathogenesis of RA is

still unclear and may be heterogeneous, several proinflamma-

tory cytokines participate in promoting the inflammation of the

joints. TNFα facilitates arthritis and the destruction of bone [1-

4]. TNFα is secreted by several kinds of inflammatory cells,

including macrophages, monocytes, T cells, and synovial

fibroblasts. TNFα induces other inflammatory cytokines and

promotes osteoclastogenesis to destroy the bones. TNFα

transgenic mice develop inflammatory arthritis spontaneously

[1]. Moreover, TNFα inhibition decreases the severity of arthri-

tis, and both monoclonal antibodies to TNFα and a soluble

BM-hIL-32 = overexpression model of human IL-32β model by bone marrow transplantation; Con A = concanavalin A; ELISA = enzyme-linked immu-
nosorbent assay; FCS = fetal calf serum; GFP = green fluorescent protein; H & E = hematoxylin and eosin; hIL-32 = human interleukin-32; IBD = 
inflammatory bowel disease; IL = interleukin; LPS = lipopolysaccharide; mAb = monoclonal antibody; MACS = magnetic-activated cell sorting; MHC 
= major histocompatibility comprex; MoDC = monocyte-derived dendritic cell; PBMC = peripheral blood mononuclear cell; PBS = phosphate-buff-
ered saline; PCR = polymerase chain reaction; RA = rheumatoid arthritis; RT = reverse transcriptase; TNBS = trinitrobenzen sulfonic acid; TCR = T-
cell receptor; TNFα = tumor necrosis factor alpha.
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tumor necrosis factor receptor analog have been used as

effective therapies for RA and for other types of inflammatory

arthritis [5-8]. In addition, other cytokines, such as IL-1 and IL-

6, are also known to be important participants, and the inhibi-

tion of these cytokines has been a part of the effective thera-

pies for RA in clinical practice [4].

TNFα plays a pivotal role in the pathogenesis of IBDs including

Crohn's disease. The murine model of IBD, trinitrobenzen sul-

fonic acid (TNBS)-induced colitis, is exacerbated in TNFα

transgenic mice [9], and is ameliorated in tumor necrosis fac-

tor receptor 2-knockout mice [10]. In the clinical setting, TNFα

blockade by infliximab is demonstrated as a useful therapy for

Crohn's disease [11]. The mechanisms of TNFα production in

these inflammatory diseases, however, remain to be clarified.

Human IL-32 (hIL-32) has been reported as a novel cytokine.

IL-32 was cloned as a gene induced by IL-18 and was formerly

known as natural killer cell transcript 4 [12,13]. IL-32 induces

TNFα secretion in human monocyte and mouse macrophage

cell lines. hIL-32 has four splice variants, IL-32α, IL-32β, IL-

32γ, and IL-32δ. IL-32α is present in intracellular locations,

and IL-32β is secreted from the cells. IL-32α and IL-32β are

thought to be the major expressed variants. The sequences of

IL-32β and IL-32γ are quite similar. A mouse homolog of IL-32

has not so far been reported.

IL-32 is expressed in lymphoid tissues, such as the thymus, the

spleen, and the intestines. Human natural killer cells increase

the secretion of IL-32 by IL-18 + IL-12 stimulation, and human

peripheral blood mononuclear cells (PBMCs) also secrete IL-

32 after stimulation with concanavalin A (Con A). The fact that

the IL-32-related cytokines, TNFα and IL-18, show a close cor-

relation with arthritis [14,15] implies that IL-32 has a patho-

logic role in inflammatory diseases. Indeed, the expression of

IL-32 is increased in synovial tissues from RA patients, and the

administration of recombinant IL-32γ into mice joints provokes

cellular infiltration in the joint spaces [16]. We choose IL-32β

for our assay, because IL-32β was reported as a dominant var-

iant and as a secreted protein from the cells, and the

sequences of IL-32β and IL-32γ were basically similar [13].

We demonstrated that IL-32 is expressed in various lymphoid

cells, and in the synovial-infiltrated lymphocytes of RA patients.

In vivo, we prepared overexpression model mice of human IL-

32β by bone marrow transplantation (BM-hIL32). The expres-

sion and secretion of TNFα were increased in resting F4/80+

splenic macrophages of BM-hIL-32 mice, and the expression

and secretion of TNFα, IL-1β, and IL-6 were increased in F4/

80+ splenic macrophages and CD11c+ splenic dendritic cells

after lipopolysaccharide (LPS) stimulation. In fact, the murine

models of TNFα-related diseases, TNBS-induced colitis and

collagen antibody-induced arthritis, were exacerbated in BM-

hIL-32 mice. Furthermore, hIL-32β-transduced CD4+ T cells

showed marked exacerbation of collagen-induced arthritis, an

effect that was, in part, cancelled by TNFα blockade. Our data

indicate that IL-32 is closely associated with TNFα and that it

plays a role in the exacerbation of inflammatory diseases.

Materials and methods
Mice

DBA/1J mice and C57BL/6 mice were obtained from Japan

SLC (Shizuoka, Japan). All mice were used at 6–8 weeks of

age. All animal experiments were conducted in accordance

with institutional and national guidelines.

Collagen-induced arthritis and collagen antibody 

induced arthritis

Collagen-induced arthritis was induced as described previ-

ously [17]. In short, bovine type II collagen (Chondrex, Red-

mond, WA, USA) was emulsified with an equal volume of

Complete Freund's adjuvant (Chondrex). DBA/1J mice were

immunized with 50 µg bovine type II collagen intradermally at

the base of the tail on day 0 and day 21. Collagen antibody-

induced arthritis was induced by intravenous injection of 2 mg

arthrogen mAb cocktail to type II collagen, and 3 days later by

intraperitoneal injection of 50 µg LPS (Chondrex), as

described previously [18]. The arthritis score was determined

by erythema, swelling, or ankylosis per paw, as described else-

where [19]. In some experiments, 50 µg/day etanercept

(Wyeth, Madison, NJ, USA) was administered intraperitoneally

for 14 days after CD4+ T-cell transfer. The antiarthritic effect of

human tumor necrosis factor receptor Fc fusion protein

(etanercept) was demonstrated in collagen-immunized mice

[8]. Sacrifice was performed 40 days after the first immuniza-

tion in collagen-induced arthritis mice.

Trinitrobenzen sulfonic acid-induced colitis

TNBS (Wako, Osaka, Japan) was diluted to a final concentra-

tion of 1.75% with 50% ethanol and PBS. C57BL/6 mice

were anesthetized with 500 µg nembutal (Dainippon Pharma-

ceutical, Osaka, Japan) by intraperitoneal injection, and 100 µl

(1.75 mg) TNBS was administered into the rectum through a

4 cm inserted catheter, as previously described [10]. The body

weight was measured daily, and mice were sacrificed 4 days

after induction for further analysis. One group of BM-hIL-32

mice were administered 200 µg/day etanercept (Wyeth) intra-

peritoneally after induction of colitis; other mice were adminis-

tered the same volume of PBS each day.

Cytokines and cell lines

Recombinant human TNFα, IL-12, IL-18, IL-23, granulocyte-

macrophage colony-stimulating factor, and IL-4 were obtained

from R&D Systems (Minneapolis, MN, USA). The human 293T

cell line and the mouse macrophage cell line, Raw 267.4, were

obtained from ATCC (Manassas, VA, USA). Cell lines and pri-

mary cells were cultured with RPMI 1640 medium supple-

mented with 10% FCS, 2 mM γ-glutamine, 100 U/ml penicillin,

100 µg/ml streptomycin, and 5 × 10-5M 2-mercapto ethanol.

Recombinant human cytokines were added to the culture
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medium as follows: 50 ng/ml human TNFα, 50 ng/ml hIL-23,

50 ng/ml IL-18, and 10 ng/ml IL-12 (R&D Systems).

Monoclonal antibodies and flow cytometry

Monoclonal antibodies to mouse CD3, CD4, CD8, CD11c,

CD19, and F4/80 were obtained from BD Biosciences (San

Jose, CA, USA). Cell sorting was performed on a FACSVan-

tage system (Becton Dickinson Immunocytometry Systems,

Mountain View, CA, USA), and analysis was performed on an

EPICS flow cytometer (Beckman Coulter, Fullerton, CA, USA).

Synovial tissue samples from rheumatoid arthritis 

patients

Synovial membranes and synovial fibroblasts were obtained

from patients with RA satisfying the diagnostic criteria of the

American College of Rheumatology [20]. We sampled patho-

logical joint synovial tissues from individuals with RA who

underwent arthroplasty surgery. Informed consent was

obtained from all patients. Synovial fibroblasts were isolated

as formally described [21]. In brief, the collected synovial tis-

sues were digested with collagenase type IV, hyaluronidase,

and DNase I (Sigma-Aldrich Corporate, St. Louis, MO, USA),

and were passed through a metal screen to prepare isolated

cells.

Peripheral blood mononuclear cells

Human PBMCs were isolated from the leukocytes of a healthy

donor by Ficoll-Paque (Amersham Pharmacia, Dübendorf,

Switzerland). In some experiments, PBMCs were subjected to

negative selection with MACS (magnetic-activated cell sort-

ing) using anti-human CD3 mAb (Miltenyi Biotec, Auburn, CA,

USA). PBMCs were stimulated with Con A or plate-coated

anti-human CD3 antibodies and anti-human CD28 antibodies

(R&D Systems). The stimulated cells were incubated for 24

hours and were separated by MACS with anti-human CD4

mAb, anti-human CD8 mAb, anti-human CD14 mAb, and anti-

human CD20 mAb (BD PharMingen, San Diego, CA, USA).

Human monocyte-derived dendritic cells (MoDCs) were iso-

lated and cultured as previously described [22]. Briefly,

CD14+ cells were isolated from human PBMCs by the MACS

procedure and were cultured with 50 ng/ml recombinant

human granulocyte-macrophage colony-stimulating factor and

IL-4. After 7 days of incubation, MoDCs were cultured with 25

ng/ml LPS (Sigma) or 50 ng/ml human TNFα for 24 hours.

Preparation of retroviral constructs of IL-32β

hIL-32β cDNA was isolated from the human cDNA library

according to the reported nucleotide sequence (GenBank:

NM 001012631) [13]. The full-length fragments were sub-

cloned into the retrovirus vector pMIG [23]. In some experi-

ments, a cell line was cultured with 1 ml of the supernatant of

hIL-32β or mock-transfected (pMIG-transfected) 293T cells in

the presence of 5 µg/ml polymixin B (Pfizer, New York, NY,

USA) for 24 hours [24].

Production of retroviral supernatants and retroviral 

transduction

Total splenocytes were cultured for 48 hours in the presence

of Con A (10 µg/ml) and mIL-2 (50 ng/ml) (R&D Systems).

Retroviral supernatants were obtained by transfection of pMIG

or pMIG-hIL-32β into PLAT-E packaging cell lines using

FuGENE 6 transfection reagent (Roche Diagnostic System,

Somerville, NJ, USA) [25]. For the detection of green fluores-

cent protein (GFP)-positive cells, we used an EPICS flow

cytometer (Beckman Coulter, Fullerton, CA, USA).

Gene transduction to mouse splenocytes and adoptive 

transfer

Retroviral gene transduction was performed as described

[26,27]. Briefly, Falcon 24-well plates (BD Biosciences) were

coated with the recombinant human fibronectin fragment

CH296 (Retronectin; Takara, Otsu, Japan). The viral superna-

tant was preloaded into each well of the CH296-coated plate,

and the plate was spun at 2400 rpm for 3 hours at room tem-

perature. This procedure was repeated three times. The viral

supernatant was washed away, and Con A-stimulated spleno-

cytes were placed into each well (1 × 106 per well). Cells were

cultured for 48 hours to allow infection to occur [23,28].

A CD4+ T-cell population was prepared by negative selection

by MACS with anti-CD19 mAb, anti-CD11c mAb, and anti-

CD8a mAb (BD PharMingen). The gene-transduced CD4+ T

cells were suspended in PBS and injected intravenously (1 ×

107) 23 days after the first immunization of bovine type II col-

lagen.

Bone marrow precursor cell isolation, infection, and 

transfer

Bone marrow precursor cell isolation, retrovirus infection, and

transfer were performed as described previously [29]. In brief,

DBA/1J mice or C57BL/6 mice were treated with 5 mg/body

5-fluorouracil (Sigma) dissolved in PBS. After 5 days, bone

marrow cells were harvested and cultured with 50 ng/ml mIL-

3, mIL-6, and mouse stem cell factor (R&D Systems) for 48

hours. The bone marrow cells were then spin-infected with the

retrovirus supernatants using 16 µg/ml polybrene for 90 min-

utes at 2400 rpm and 25°C. Recipient mice, which were the

same strain as the donor mice, were treated by 700 rad whole-

body radiation and were injected with 1 × 106 bone marrow

cells intravenously. To avoid wasting of the recipient mice due

to the overexpression of inflammatory cytokine, the GFP-posi-

tive cells among the bone marrow cells were adjusted to

around 10% before transplantation. Recipient mice were

maintained for 6–9 weeks until analysis. In some experiments,

splenocytes derived from bone marrow transplantation DBA/

1J mice were cultured for 48 hours with RPMI 1640 medium

containing 10% FCS and 1 µg/ml LPS (Sigma) for further

analysis.

http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=NM 001012631
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RT-PCR and quantitative PCR

RNA of the cells was extracted using the RNeasy Micro Kit

and RNeasy Mini Kit (Qiagen, Valencia, CA, USA). RNA from

the tissues was isolated by the acid guanidinium thiocyanate-

phenol-chloroform extraction method using ISOGEN (Nippon

Gene, Tokyo, Japan). RNA was reverse-transcribed to cDNA

with random primers (Invitrogen, Carlsbad, CA, USA) and

Superscript III according to the manufacturer's protocol (Invit-

rogen). Quantitative real-time PCR analysis was performed by

the Assay-on-Demand TaqMan probe (Hs00992441_m1 for

natural killer cell transcript 4) using the ABI PRISM 7900 sys-

tem (Applied Biosystems, Branchburg, NJ, USA) in the analy-

sis of tissue expression, and using the iCycler system (Bio-rad,

Hercules, CA, USA) in the analysis of cellular expression. The

TaqMan gene expression assay was performed according to

the manufacturer's protocol; a 20 µl reaction mixture con-

tained 1 µl of 20 TaqMan gene expression assay, 9 µl cDNA

template, and 10 µl of 2x TaqMan universal master mix. For

analyzing cellular expression, the PCR mixture consisted of 25

µl SYBR Green Master Mix (Qiagen), 15 pmol forward and

reverse primers, and cDNA samples for a total volume of 50 µl.

The results of real-time PCR are shown in terms of relative

expression compared with β-actin. The primers used in the

real-time PCR are presented in Table 1. The indicated primers

and probes for IL-32 were designed for detecting all known

isoforms of hIL-32.

Immunoassays of mouse cytokines

Concentrations of mouse TNFα, IL-1β, and IL-6 in sera and

culture supernatants were measured by sandwich ELISA

according to the manufacturer's protocol (BD Pharmingen).

An automatic microplate reader (Bio-rad 550; Bio-rad) was

used to measure the optical density.

Histopathology

Tissue samples of RA patients and sacrificed mice were

embedded in paraffin wax after 10% formaldehyde fixation and

decalcification. The sections were stained with H & E. Synovial

tissues were graded by mononuclear cell infiltration, by pan-

nus formation, and by cartilage erosion as described previ-

ously [30]. Inflammation of the colon was graded by the extent,

cellular infiltration, ulceration, and regeneration as described

elsewhere [10].

In situ hybridization

In situ hybridization of the synovial tissue samples was per-

formed as previously described [31]. Single-stranded sense

and antisense probes were generated by in vitro transcription

from the cDNA encoding hIL-32β, nucleotides 30–340 (311

base pairs), which was marked by digoxinogen using the DIG

RNA Labeling Mix (Roche, Basel, Switzerland). The sequence

of the hIL-32 probe was complementary to the unique

sequence of hIL-32β, because IL-32β is the dominant secret-

ing isoform of IL-32. This probe could detect the cDNA of hIL-

32β and IL-32γ, but not of IL-32α or IL-32δ, by Southern

hybridization (data not shown). Hybridization was performed

with probes at a concentration of 100 ng/ml at 60°C for 16

hours. Anti-DIG AP conjugate (Roche) was used as the detec-

tion antibody, and coloring reactions were performed with BM

purple AP substrate (Roche). The sections were counter-

stained with Kernechtrot stain solution (Mutoh, Tokyo, Japan),

were dehydrated, and were mounted with Malinol (Mutoh). We

Table 1

Primers used in the real-time PCR

Human IL-32 Sense 5'-TGAGGAGCAGCACCCAGAGC-3'

Antisense 5'-CCGTAGGACTGGAAAGAGGA-3'

Human TNFα Sense 5'-GTCTCCTACCAGACCAAG-3'

Antisense 5'-CAAAGTAGACCTGCCCAGACTC-3'

Human β-actin Sense 5'-TTCCTGGGCATGGAGTCCT-3'

Antisense 5'-AGGAGGAGCAATGATCTTGATC-3'

Mouse TNFα Sense 5'-CATCTTCTCAAAATTCGAG-3'

Antisense 5'-TGGGAGTAGACAAGGTACAACCC-3'

Mouse IL-1β Sense 5'-CAACCAACAAGTGATATTCTCCATG-3'

Antisense 5'-GATCCACACTCTCCAGCTGCA-3'

Mouse IL-6 Sense 5'-CACTTCACAAGTCGGAGGCTTA-3'

Antisense 5'-GCAAGTGCATCATCGTTGTTG-3'

Mouse β-actin Sense 5'-AGAGGGAAATCGTGCGTGAC-3'

Antisense 5'-CAATAGTGATGACCTGGCCGT-3'

TNFα, tumor necrosis factor alpha.
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also examined control probes, which yielded no specific

hybridization (data not shown).

Statistical analysis

Data are expressed as the mean ± standard deviation. All

results were obtained from at least three independent experi-

ments. Statistical significance was determined by the Mann-

Whitney U test, and P < 0.05 was considered significant.

Results
Increased IL-32 expression in activated human 

peripheral blood mononuclear cells

A previous study showed that IL-32 was expressed in the thy-

mus, the spleen, the intestines, and Con A-stimulated PBMCs

by northern blotting and electrochemiluminescence [13]. At

first we examined the tissue and cellular expression of IL-32 by

quantitative real-time PCR. The tissue expression of IL-32 was

prominent in the spleen, the lung, and the peripheral white

blood cells (Figure 1a). IL-32 was therefore expressed mainly

in the lymphoid tissues and leukocytes.

Since human PBMCs secrete IL-32 by means of the stimula-

tion of Con A [13], we investigated which components of

PBMCs expressed IL-32 during both the resting and activated

states. CD3+ T cells expressed significant amounts of IL-32

without stimulation, and CD3+ T cells, CD14+ monocytes, and

CD20+ B cells increased IL-32 expression after Con A stimu-

lation (Figure 1b). The cellular IL-32 expression was essentially

the same in the case of anti-CD3 antibody and anti-CD28 anti-

body stimulation, which stimulated T cells specifically (Figure

1b). Monocytes or B cells, however, had lower IL-32 expres-

sion when they were cultured without CD3+ T cells (Figure

1c). Activated T cells therefore have the capability of inducing

IL-32 expression in monocytes and B cells.

Figure 1

Examination of tissue and cell expression of IL-32 by quantitative real-time PCRExamination of tissue and cell expression of IL-32 by quantitative real-time PCR. (a) Tissue expression of IL-32. WBC, white blood cells. (b) Human 
peripheral blood mononuclear cells (PBMCs) expressed IL-32. PBMCs were cultured with or without concanavalin A. PBMCs were also stimulated 
by immobilized anti-human CD3 and anti-human CD28 antibodies. Cont, control. (c) IL-32 expression of monocytes and B cells after the depletion of 
CD3+ cells. (d) Peripheral CD4+ T cells were cultured with the indicated inflammatory cytokines for 24 hours. (e) Human monocyte-derived dendritic 
cells (MoDCs) were cultured with lipopolysaccharide (LPS) or tumor necrosis factor alpha (TNFα) for 24 hours to induce maturation. The data are 
representative of at least three independent studies.
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Several dendritic cell-derived cytokines, such as IL-12, IL-18,

and IL-23, are known activators of T cells and important

cytokines in the pathogenesis of autoimmune diseases. CD4+

T cells increased IL-32 expression in response to IL-12 + IL-

18 and IL-23 stimulation (Figure 1d). In contrast, CD8+ T cells

did not increase IL-32 expression (data not shown). Moreover,

TNFα also increased IL-32 expression significantly in CD4+ T

cells (Figure 1d).

We also generated human MoDCs from CD14+ PBMCs.

Although immature control MoDCs hardly expressed IL-32,

LPS-stimulated MoDCs and, especially, TNFα-stimulated

MoDCs showed a significant increase of IL-32 expression

(Figure 1e). In this way, several kinds of immune cells, includ-

ing T cells, B cells, monocytes, and dendritic cells, were

shown to express IL-32, especially in activated states. Moreo-

ver, reciprocal IL-32 induction by TNFα was observed in CD4+

T cells and MoDCs.

Abundant IL-32 expression in the synovial-infiltrated 

lymphocytes of rheumatoid arthritis patients

To examine the pathological roles of IL-32 in RA, we tested IL-

32 expression in the synovial tissues of RA patients by in situ
hybridization (Figure 2a). We detected abundant IL-32 expres-

sion in the synovial-infiltrated lymphocytes of RA patients

rather than in the synovial lining cells. We could not detect the

IL-32 expression in the synovial lining layers, where monocytes

and synovial fibroblasts usually exist. Synovial fibroblasts pro-

duce cytokines and proteases, which play an important role in

joint inflammation [32]. We examined the IL-32 expression of

the synovial fibroblasts derived from four RA patients in vitro.

The synovial fibroblasts expressed IL-32 significantly after the

stimulation of TNFα (Figure 2b). This result suggested the

potential contribution of IL-32 to the joint inflammation medi-

ated by synovial fibroblasts.

Cytokine expression of the bone marrow chimera mice 

of IL-32β

Activated macrophages are known to be important sources of

the inflammatory cytokines in the joints of arthritis patients. hIL-

Figure 2

IL-32 was abundantly expressed in the synovial tissues of rheumatoid arthritis patientsIL-32 was abundantly expressed in the synovial tissues of rheumatoid arthritis patients. (a) In situ hybridization of the synovial tissues from rheuma-
toid arthritis (RA) patients. IL-32β was expressed in the synovial-infiltrated lymphocytes of RA patients. HE stain, hematoxylin and eosin stain. We 
examined the tissue samples from four RA patients, and show representative examples. (b) IL-32 expression of the synovial fibroblasts derived from 
four RA patients in response to human tumor necrosis factor alpha (hTNFα).
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32 was reported to induce TNFα in the mouse macrophage

cell line Raw 267.4 [13]. We next confirmed the function of IL-

32 with our retroviral construct, MIG-hIL-32β. We choose IL-

32β for our assay because IL-32β was reported as a dominant

variant and a secreted protein from the cells [13]. The mouse

macrophage cell line Raw 267.4 was cultured with the super-

natants of MIG-hIL-32β-transfected cells. After 24 hours, the

mRNA expression of TNFα was increased by the stimulation

of hIL-32β (Figure 3a). In addition, the protein levels of TNFα

were increased in the supernatants of hIL-32β-stimulated cells

(Figure 3a).

To examine the proinflammatory effect of constitutively

expressed IL-32 in vivo, we prepared BM-hIL-32 mice. Six

weeks to 9 weeks after the bone marrow transplantation,

approximately 15% of the cells were GFP-positive in the thy-

mus and the spleen of the BM-hIL-32 mice (Figure 3b). The

GFP expression of CD4+ cells, CD8+ cells, CD11c+ cells,

CD19+ cells, and F4/80+ cells was also analyzed. There was

no significant difference in specific cellular components or the

percentage of GFP expression between mock mice and BM-

hIL-32 mice (data not shown). hIL-32β expression in the

spleen of BM-hIL-32 mice was also confirmed by quantitative

real-time PCR and in situ hybridization (data not shown).

In accordance with the data of cell lines, freshly isolated splen-

ocytes of BM-hIL-32 mice showed increased expression and

secretion of TNFα, compared with those of BM-Mock mice

(Figure 3c). We observed no increased expression and secre-

tion of IL-1β or IL-6 in freshly isolated splenocytes of BM-hIL-

32 mice. The serum concentration of TNFα protein was ele-

vated significantly in BM-hIL-32 mice (Figure 3d). The serum

concentration of IL-1β or IL-6 protein was not detected in BM-

hIL-32 mice, in BM-Mock mice, or in control mice. Cell sorting

analysis of splenocytes of BM-hIL-32 mice revealed that the

expression of TNFα was increased in freshly isolated F4/80+

macrophages (Figure 3e). Other cellular components (that is,

CD4+ cells, CD8+ cells, CD11c+ cells, or CD19+ cells) did not

show any significant change of the expression of TNFα (data

not shown). Although the serum TNFα concentration of BM-

hIL-32 mice was comparable with that reported for human

TNFα transgenic mice [1], no evident inflammation was

observed in histological examination of the spleen, the joint,

the intestine, the kidney, and the liver (data not shown).

We next examined the response of splenocytes of BM-hIL-32

mice to LPS stimulations. When cultured with LPS for 2 days,

splenocytes of BM-hIL-32 mice showed markedly increased

expression and secretion of TNFα and IL-1β (Figure 3c).

Among F4/80+ macrophages, CD11c+ dendritic cells, CD19+

B cells, CD4+ T cells, and CD8+ T cells from the spleen, both

F4/80+ macrophages and CD11c+ dendritic cells showed an

increased expression of TNFα and IL-1β after LPS stimulation

in the splenocytes of BM-hIL-32 mice (Figure 3f and data not

shown). We also observed that LPS-stimulated splenocytes of

BM-hIL-32 mice showed an increased secretion of IL-6 pro-

tein (Figure 3c), and F4/80+ macrophages showed an

increased expression of IL-6 (Figure 3f). Notably, purified

splenic CD4+ T cells from BM-hIL-32 mice did not show any

change in cytokine expression, including TNFα, IFN-γ, IL-1β,

IL-4, IL-6, and IL-17A (data not shown). In addition, splenocyte

proliferation induced by LPS or anti-CD3 antibody was no dif-

ferent between BM-hIL-32 mice and BM-Mock mice (data not

shown).

These results suggested that the function of in vivo expressed

IL-32β was focused on the induction of TNFα production,

especially in the macrophages. Our results also suggested

that in vivo expressed IL-32β collaborated with TLR4 signaling

to induce IL-1β and IL-6 production in macrophages and den-

dritic cells.

Exacerbation of TNFα-related inflammation in BM-hIL-32 

mice

We next examined the association of in vivo expressed IL-32β

with TNFα-related inflammation. We prepared two kinds of

murine models of inflammatory diseases – collagen antibody-

induced arthritis and TNBS-induced colitis. We induced arthri-

tis by administration of monoclonal antibodies to type II colla-

gen and administration of LPS to BM-hIL-32 mice. After

administration of LPS, more severe arthritis developed in BM-

hIL-32 mice than in BM-Mock mice in the early phase of the

disease (Figure 4a). This result was consistent with the in vitro
data, which showed that LPS stimulation induced a larger

amount of TNFα from splenocytes of BM-hIL-32 mice.

TNBS-induced colitis is a model of IBDs, in which TNFα plays

an important role. BM-hIL-32 mice showed more severe loss

of body weight than BM-Mock mice after the administration of

TNBS (Figure 4b). The histological scores were significantly

higher in BM-hIL-32 mice than in BM-Mock mice (Figure 4c).

The expression of hIL-32β mRNA was clearly increased in the

inflamed intestinal lesions of BM-hIL-32 mice but could not be

detected in BM-Mock or control mice by quantitative PCR

(data not shown).

Human TNF receptor p80 Fc fusion protein, known as etaner-

cept, neutralized the action of mouse TNFα and ameliorated

disease progression in collagen-immunized mice [8,33].

Although etanercept is reported as less effective in treating

Crohn's disease, the efficacy of etanercept in treating refrac-

tory Crohn's disease patients has been demonstrated [34,35].

We confirmed the efficacy of an increased dose of etanercept

to TNBS-induced colitis C57BL/6 mice as a preliminary study

(data not shown). When etanercept was administered to

TNBS-treated BM-hIL-32 mice just after the onset of colitis,

the severity of body weight loss was ameliorated (Figure 4b).

In vivo expressed IL-32 was therefore supposed to play an

important role in the exacerbation of colitis, in part through the

TNFα-inducing effect. The expression of TNFα was markedly



Arthritis Research & Therapy    Vol 8 No 6    Shoda et al.

Page 8 of 13
(page number not for citation purposes)

Figure 3

Inflammatory cytokines were induced by human IL-32β in miceInflammatory cytokines were induced by human IL-32β in mice. (a) Raw 267.4 was cultured with the supernatant of human IL-32β (h IL-32β) or 
mock-transfected mammalian cells (293T) for 24 hours. Left, relative expression of mouse tumor necrosis factor alpha (mTNFα), compared with β-
actin; right, secreted TNFα protein level measured by ELISA. (b) We generated hIL-32β overexpressed mice by transplantation of hIL-32β-trans-
duced bone marrow cells. The expression of green fluorescent protein, was analyzed by flow cytometry 6–9 weeks after transplantation. (c) Expres-
sion of mTNFα, mIL-1β and mIL-6 in the cultured splenocytes of the control group (white bars; n = 3), or bone-marrow chimeric mice of the mock 
group (BM-Mock mice) (gray bars; n = 4), or hIL-32β (BM-hIL-32) (black bars; n = 4) with or without 1 µg/ml lipopolysaccharide (LPS). Concentra-
tions of indicated cytokines of the cultured supernatants are shown in the right-hand figures. (d) Serum concentration of mTNFα determined in con-
trol mice (n = 4), in BM-Mock mice (n = 8), and in BM-hIL-32 mice (n = 8). (e) Expression of mTNFα in splenic F4/80+ CD11c- macrophages of BM-
Mock mice (gray bars; n = 4) and in BM-hIL-32 mice (black bars; n = 4). (f) Expression of mTNFα, mIL-1β, and mIL-6 in LPS-stimulated splenic F4/
80+ CD11c- macrophages and CD11c+, CD3-, and CD19- dendritic cells in BM-Mock mice (gray bars; n = 4), and in BM-hIL-32 mice (black bars; n 
= 4). Data are representative of at least three independent studies. *P < 0.05, **P < 0.01, BM-hIL-32 mice versus BM-Mock mice or control mice.
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increased in the rectal tissues of BM-hIL-32 mice, compared

with BM-Mock mice or with etanercept-treated mice (Figure

4d). In this way, TNFα-related inflammation was exacerbated

by overexpression of hIL-32β in the mouse model, and the

proinflammatory effects of hIL-32β were demonstrated in the

in vivo model.

Exacerbation of collagen-induced arthritis by transfer of 

IL-32β-transduced CD4+ T cells

Since synovial-infiltrated lymphocytes strongly expressed IL-

32, and peripheral CD4+ T cells significantly expressed IL-32,

we supposed CD4+ T cells to be one of the important sources

of IL-32 in the pathogenesis of inflammatory arthritis. To exam-

ine the proinflammatory effects of IL-32 produced by CD4+ T

cells, we transduced the hIL-32β gene to CD4+ T cells with a

retrovirus vector. We transferred these cells to bovine type II

collagen-immunized mice before the onset of arthritis. The

mice group to which the hIL-32β-transduced CD4+ T cells had

been transferred developed arthritis earlier than the mock

group of mice and showed significantly higher arthritis scores

(Figure 5a). Histological investigation of the joints showed sig-

nificantly severe cell infiltration in the hIL-32β group of mice

(Figure 5b). In this way, hIL-32β produced by CD4+ T cells

exacerbated arthritis in the mouse model.

In addition, a TNFα blockade by etanercept canceled the

proarthritic effects of hIL-32β according to the clinical and

pathological scores (Figure 5). IL-32-producing CD4+ T cells

were therefore supposed to play an important role in the exac-

erbation of the inflammatory arthritis, in part through a TNFα-

inducing effect. The proinflammatory effects of IL-32 were

therefore generally dependent on the TNFα-inducing effect in

these mouse models of inflammatory diseases.

Discussion
TNFα is a potent proinflammatory cytokine related to the

pathogenesis of inflammatory diseases such as RA and IBDs

[5,6,11]. The precise mechanism of TNFα induction in the

inflammatory diseases, however, is still unclear. We have

shown in the present article that in vivo expression of the novel

cytokine hIL-32 induced TNFα production, and that overex-

pressed IL-32β significantly exacerbated the mouse model of

Figure 4

Exacerbation of murine models of tumor necrosis factor alpha-related inflammatory diseases in BM-hIL-32 miceExacerbation of murine models of tumor necrosis factor alpha-related inflammatory diseases in BM-hIL-32 mice. (a) Collagen-antibody-induced 
arthritis was induced in bone-marrow chimeric human IL-32β mice (BM-hIL-32) (n = 6) and bone-marrow chimeric mice of the mock group (BM-
Mock) (n = 4). Mean arthritis scores are shown. (b) Body weight change after induction of trinitrobenzen sulfonic acid (TNBS)-induced colitis in BM-
Mock mice (n = 7), in BM-hIL-32 mice (n = 4), and in BM-hIL-32 mice + 200 µg/day intraperitoneal administration of etanercept (n = 4). Control 
mice (n = 5) were administered only 50% ethanol with PBS. Percentage of initial body weight is shown. (c) Histological scores of TNBS-induced 
colitis. (d) Relative expression of mouse tumor necrosis factor alpha (mTNFα) in the colon of TNBS-induced colitis mice. *P < 0.05, **P < 0.01, BM-
hIL-32 mice versus BM-Mock mice or BM-hIL-32 mice + etanercept.
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arthritis and colitis. These results suggest that IL-32 plays an

important role in the exacerbation of inflammatory diseases.

IL-32 has been reported an inducer of TNFα and other inflam-

matory cytokines in vitro [13]. Joosten and colleagues

reported that the magnitude of IL-32 expression in the synovial

tissues was related to the RA severity, and that recombinant

hIL-32γ induced the joint inflammation in wild-type mice, which

was suppressed in TNFα-deficient mice [16]. The in vivo
effects and targets of IL-32, however, are still under examina-

tion. Moreover, the question of whether IL-32 plays a patholog-

ical role in animal models other than arthritis has not been

addressed. Although the IL-32 receptor or mouse analog of IL-

32 have not so far been reported, hIL-32 had biological activ-

ities on a mouse cell line and evoked joint inflammation in mice

[13,16]. We therefore examined the in vivo effects of hIL-32β

on bone marrow chimeric mice. We demonstrated the strong

association of in vivo expressed IL-32 with TNFα production

in the splenocytes, especially F4/80+ macrophages. Spleno-

cyte proliferation to the anti-CD3 antibody or LPS stimulation

was not affected by the in vivo expression of IL-32β (data not

shown). The CD4+ T cells did not change cytokine expression

in the presence of IL-32β. Therefore IL-32β had effects on

macrophages rather on than T cells in vivo, and the in vivo
roles of IL-32β were mainly to induce other inflammatory

cytokines rather than to activate the proliferation of the immune

cells. In the present study, we also demonstrated that the in
vivo overexpression of hIL-32β resulted in the exacerbation of

other mouse models of TNFα-related diseases – collagen-

induced arthritis and hapten-induced colitis. In addition, these

exacerbating effects of IL-32 were blocked by TNFα blockage,

which was consistent with Joosten and colleagues' work [16].

IL-1 and IL-6 are also crucial cytokines in arthritis [4]. Injection

of IL-1 into the normal joints of rabbits has caused severe

arthritis [36]. IL-1RA-deficient mice developed chronic inflam-

matory arthritis [37,38]. Anti-IL-1 antibody and IL-1 deficiency

ameliorated the mouse model of arthritis [39-41]. We have

shown that the expression and secretion of IL-1β and IL-6 was

increased in LPS-stimulated splenocytes from BM-hIL-32β

Figure 5

Transfer of human IL-32β-transduced CD4+ T cells exacerbated collagen-induced arthritisTransfer of human IL-32β-transduced CD4+ T cells exacerbated collagen-induced arthritis. Human IL-32β-transduced CD4+ T cells were transferred 
to collagen-immunized mice before the onset of arthritis (day 23). In one group (IL-32β + etanercept group), 50 µg/day etanercept was administered 
intraperitoneally for 14 days after transfer of CD4+ T cells. Each group consisted of 14 mice. (a) Arthritis scores and the percentage incidence of 
arthritis. (b) Cell infiltration, pannus formation, and bone erosion in CIA mice are quantified. Histological scores are shown as the mean ± standard 
deviation. *P < 0.05, **P < 0.01, IL-32β group versus mock group or IL-32β + etanercept group. ns, not significant.
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mice. IL-1β was expressed in CD11c+ dendritic cells, and IL-6

was expressed in F4/80+ macrophages after LPS stimulation.

IL-32 therefore induced IL-1β and IL-6 secretion in collabora-

tion with TLR4 stimulation in these cells. In parallel withthe in
vitro effect of LPS, disease models of BM-hIL-32 mice were

exacerbated in response to anticollagen antibodies and LPS

stimulation or TNBS administration. These results strongly

suggest that IL-32 functions in cooperation with other inflam-

matory signals in vivo. This induction of these proinflammatory

cytokines may be one of the important mechanisms of IL-32

leading towards inflammation. Although the previous report

did not demonstrate the synergizing effect of hIL-32 with Toll-

like receptor signaling in vitro [42], our results suggest that

continuous exposure to hIL-32 in relatively low concentrations

would have an influence on Toll-like receptor signaling of

splenocytes in vivo. Further studies are needed to clarify the

relationship between IL-32 and Toll-like receptor signaling,

however, and further studies are necessary for discerning the

actual mechanisms of IL-32 in the development of inflamma-

tory diseases.

Moreover, we demonstrated a reciprocal relationship between

TNFα and IL-32. TNFα induced the reciprocal expression of

IL-32 in various kinds of cells (namely CD4+ T cells, MoDCs,

and synovial fibroblasts). We suppose that a positive feedback

system between TNFα and IL-32 promotes the tissue inflam-

mation in the synovium and the intestinal epithelium. In this

way, IL-32 has a close relationship with the proinflammatory

cytokines, especially TNFα, and this relationship may be one

of the main mechanisms by which IL-32 promotes inflamma-

tion. Indeed, the proinflammatory effects of hIL-32β on colla-

gen-induced arthritis mice and TNBS-induced colitis mice

were, in part, canceled by a TNFα blockade.

It was reported that human TNFα transgenic mice spontane-

ously developed inflammatory arthritis [1]. Although the serum

TNFα concentration of BM-hIL-32 mice was comparable with

those of reported human TNFα transgenic mice [43], no

inflammatory change was observed in histological examination

of the joints (data not shown). It is suspected that this different

outcome occurred because BM-hIL-32 mice expressed the

transduced cytokine only in bone-marrow-derived cells, not in

fibroblasts or chondrocytes of the joints. There would there-

fore be no initiation of inflammation in the joints without the

infiltration of bone-marrow-derived cells expressing hIL-32.

The source of IL-32 remains unsolved. In our experiment, T

cells played a principal role in IL-32 production. In contrast to

B cells and monocytes, T cells expressed IL-32 mRNA in a

resting state. Moreover, activated T cells had the capacity to

induce IL-32 mRNA expression in B cells and monocytes. In

addition to TCR stimulation, IL-32 mRNA expression in CD4+

T cells is induced by various stimuli of inflammatory cytokines

related to RA. IL-12 + IL18 stimuli, IL-23 stimuli, and TNFα

stimuli increased IL-32 mRNA expression in CD4+ T cells.

Since the mRNA expression of IL-32 was induced by either

type of stimulation, IL-32 may be associated with the patholog-

ical roles of various dendritic cell-derived cytokines (namely IL-

12, IL-18, and IL-23) in inflammatory diseases. These results

suggested the capacity of CD4+ T cells to produce IL-32 in

response to a wide range of stimuli.

T cells are reported as important mediators in inflammatory

diseases, such as RA and IBDs. In terms of genetics, MHC

class II genes, especially the HLA-DR1 and DR4 subtypes, are

associated with RA sensitivity [44], and HLA-DRB1 is associ-

ated with Crohn's disease sensitivity [45]. In the mouse model

of colitis, Th1 cells were reported as important in the patho-

genesis of colitis. The colons of TNBS-treated mice were

marked by infiltration of CD4+ T cells exhibiting a Th1 pattern

of cytokine secretion. Administration of anti-IL-12 antibodies

led to a striking improvement of TNBS-induced colitis [46].

In animal models of arthritis, the transfer of CD4+ T cells from

SKG mice and IL-1Ra-deficient mice has evoked arthritis in the

recipient mice [38,47]. In particular, IL-17 production from

activated T cells is required for the development of destructive

arthritis in IL-1Ra-deficient mice [48]. Like the CD4+ T cells

from these animal models, IL-32β-producing CD4+ T cells

exacerbated collagen-induced arthritis. In RA synovium, IL-32

is principally expressed in infiltrated lymphocytes, which usu-

ally contain activated T cells [49]. We therefore speculate that

CD4+ T cells play an important role in the exacerbation of

inflammatory arthritis by means of IL-32 secretion. Notably, IL-

32 mRNA expression was detected in the synovial-infiltrated

lymphocytes. We supposed that IL-32-producing lym-

phocytes infiltrating the inflamed synovium participate in the

production of TNFα in the RA synovium.

This result does not exclude the possibility that a relatively low

amount of IL-32 is expressed in the synovial membranes of RA

patients, because the sensitivity of in situ hybridization is lim-

ited [50]. In the previous study, the synovial lining cells of RA

patients were stained by the anti-IL-32 antibody [16]. We

assumed that the phase or type of synovial inflammation was

different between Joosten and colleagues' patients and our

patients. In Joosten and colleagues' report, the synovial sam-

ples were obtained by percutaneous needle biopsy, and it is

suspected that their RA patients had active disease [16]. Our

samples, however, were obtained from patients in the pro-

gressed stage during total joint replacement surgery. In the

severely damaged joint, the cytokine-producing functions of

synovial lining cells are impaired [51]. We therefore suspected

that the expression of IL-32 could not be detected in the syn-

ovial lining cells by in situ hybridization in our study. Another

explanation is the difference of types of RA. The distribution of

IL-32 expression in synovial tissues may be dependent on the

type of RA, a matter that needs to be examined further.
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Conclusion
IL-32 mRNA was expressed mainly in the lymphoid tissues and

in a broad range of immune cells, including CD4+ T cells. In RA

patients, abundant IL-32 mRNA expression was observed in

the synovial-infiltrated lymphocytes. Splenic macrophages of

hIL-32β-overexpressed mice showed increased expression

and secretion of TNFα and IL-6, and splenic dendritic cells

showed increased expression and secretion of IL-1β in

response to LPS stimulation. Overexpression of hIL-32β also

resulted in the exacerbation of collagen antibody-induced

arthritis and TNBS-induced colitis. IL-32β-producing CD4+ T

cells significantly exacerbated inflammatory arthritis in the

mouse model. The effects of IL-32 in different disease models

were almost canceled by TNFα blockade.

This is the first study that demonstrated the in vivo cytokine-

inducing effects of IL-32. In addition, the reciprocal induction

between IL-32 and TNFα was also demonstrated in many

types of cells. IL-32 therefore has a close relationship with

TNFα, contributes to the exacerbation of inflammatory dis-

eases, and could be a new therapeutic target of these inflam-

matory diseases.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
HS carried out the molecular and animal experiments, per-

formed the statistical analysis, and drafted the manuscript. KF

supervised the study design, the statistical analysis, and the

writing of the manuscript. YY and AO carried out the cell cul-

ture experiments. TS prepared the human samples of synovial

tissues and cells. YK performed the quantitative PCR. KY

supervised the study design and gave valuable advice to HS.

All authors read and approved the final manuscript.

Acknowledgements
The authors are grateful to Ms Yayoi Tsukahara, Ms Kazumi Abe, and Ms 

Kayako Watada for their excellent technical assistance. This study is 

supported by Ministry of Health, Labour and Walfare, Ministry of Educa-

tion, Culture, Sports, Science and Technology, and Japan Society for 

the Promotion of Science.

References
1. Keffer J, Probert L, Cazlaris H, Georgopoulos S, Kaslaris E, Kious-

sis D, Kollias G: Transgenic mice expressing human tumour
necrosis factor: a predictive genetic model of arthritis.  Embo J
1991, 10:4025-4031.

2. Feldmann M, Brennan FM, Maini RN: Role of cytokines in rheu-
matoid arthritis.  Annu Rev Immunol 1996, 14:397-440.

3. Lipsky PE, van der Heijde DM, St Clair EW, Furst DE, Breedveld
FC, Kalden JR, Smolen JS, Weisman M, Emery P, Feldmann M, et
al.: Infliximab and methotrexate in the treatment of rheumatoid
arthritis. Anti-Tumor Necrosis Factor Trial in Rheumatoid
Arthritis with Concomitant Therapy Study Group.  N Engl J Med
2000, 343:1594-1602.

4. Hata H, Sakaguchi N, Yoshitomi H, Iwakura Y, Sekikawa K, Azuma
Y, Kanai C, Moriizumi E, Nomura T, Nakamura T, et al.: Distinct
contribution of IL-6, TNF-alpha, IL-1, and IL-10 to T cell-medi-
ated spontaneous autoimmune arthritis in mice.  J Clin Invest
2004, 114:582-588.

5. Elliott MJ, Maini RN, Feldmann M, Long-Fox A, Charles P, Bijl H,
Woody JN: Repeated therapy with monoclonal antibody to
tumour necrosis factor alpha (cA2) in patients with rheuma-
toid arthritis.  Lancet 1994, 344:1125-1127.

6. Elliott MJ, Maini RN, Feldmann M, Long-Fox A, Charles P, Katsikis
P, Brennan FM, Walker J, Bijl H, Ghrayeb J, et al.: Treatment of
rheumatoid arthritis with chimeric monoclonal antibodies to
tumor necrosis factor alpha.  Arthritis Rheum 1993,
36:1681-1690.

7. Mori L, Iselin S, De Libero G, Lesslauer W: Attenuation of colla-
gen-induced arthritis in 55-kDa TNF receptor type 1 (TNFR1)-
IgG1-treated and TNFR1-deficient mice.  J Immunol 1996,
157:3178-3182.

8. Wooley PH, Dutcher J, Widmer MB, Gillis S: Influence of a
recombinant human soluble tumor necrosis factor receptor FC
fusion protein on type II collagen-induced arthritis in mice.  J
Immunol 1993, 151:6602-6607.

9. Neurath MF, Fuss I, Pasparakis M, Alexopoulou L, Haralambous S,
Meyer zum Buschenfelde KH, Strober W, Kollias G: Predominant
pathogenic role of tumor necrosis factor in experimental coli-
tis in mice.  Eur J Immunol 1997, 27:1743-1750.

10. Ebach DR, Newberry R, Stenson WF: Differential role of tumor
necrosis factor receptors in TNBS colitis.  Inflamm Bowel Dis
2005, 11:533-540.

11. Targan SR, Hanauer SB, van Deventer SJ, Mayer L, Present DH,
Braakman T, DeWoody KL, Schaible TF, Rutgeerts PJ: A short-
term study of chimeric monoclonal antibody cA2 to tumor
necrosis factor alpha for Crohn's disease. Crohn's Disease
cA2 Study Group.  N Engl J Med 1997, 337:1029-1035.

12. Dahl CA, Schall RP, He HL, Cairns JS: Identification of a novel
gene expressed in activated natural killer cells and T cells.  J
Immunol 1992, 148:597-603.

13. Kim SH, Han SY, Azam T, Yoon DY, Dinarello CA: Interleukin-32:
a cytokine and inducer of TNFα.  Immunity 2005, 22:131-142.

14. Gracie JA, Forsey RJ, Chan WL, Gilmour A, Leung BP, Greer MR,
Kennedy K, Carter R, Wei XQ, Xu D, et al.: A proinflammatory
role for IL-18 in rheumatoid arthritis.  J Clin Invest 1999,
104:1393-1401.

15. Plater-Zyberk C, Joosten LA, Helsen MM, Sattonnet-Roche P,
Siegfried C, Alouani S, van De Loo FA, Graber P, Aloni S, Cirillo R,
et al.: Therapeutic effect of neutralizing endogenous IL-18
activity in the collagen-induced model of arthritis.  J Clin Invest
2001, 108:1825-1832.

16. Joosten LA, Netea MG, Kim SH, Yoon DY, Oppers-Walgreen B,
Radstake TR, Barrera P, van de Loo FA, Dinarello CA, van den
Berg WB: IL-32, a proinflammatory cytokine in rheumatoid
arthritis.  Proc Natl Acad Sci USA 2006, 103:3298-3303.

17. Courtenay JS, Dallman MJ, Dayan AD, Martin A, Mosedale B:
Immunisation against heterologous type II collagen induces
arthritis in mice.  Nature 1980, 283:666-668.

18. Terato K, Hasty KA, Reife RA, Cremer MA, Kang AH, Stuart JM:
Induction of arthritis with monoclonal antibodies to collagen.
J Immunol 1992, 148:2103-2108.

19. Deng GM, Zheng L, Ka-Ming Chan F, Lenardo M: Amelioration of
inflammatory arthritis by targeting the pre-ligand assembly
domain of tumor necrosis factor receptors.  Nat Med 2005,
11:1066-1072.

20. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper
NS, Healey LA, Kaplan SR, Liang MH, Luthra HS, et al.: The Amer-
ican Rheumatism Association 1987 revised criteria for the
classification of rheumatoid arthritis.  Arthritis Rheum 1988,
31:315-324.

21. Itoh K, Meffre E, Albesiano E, Farber A, Dines D, Stein P, Asnis SE,
Furie RA, Jain RI, Chiorazzi N: Immunoglobulin heavy chain var-
iable region gene replacement as a mechanism for receptor
revision in rheumatoid arthritis synovial tissue B lymphocytes.
J Exp Med 2000, 192:1151-1164.

22. Steinbach F, Krause B, Thiele B: Monocyte derived dendritic
cells (MODC) present phenotype and functional activities of
Langerhans cells/dendritic cells.  Adv Exp Med Biol 1995,
378:151-153.

23. Yang L, Qin XF, Baltimore D, Van Parijs L: Generation of func-
tional antigen-specific T cells in defined genetic backgrounds
by retrovirus-mediated expression of TCR cDNAs in hemat-
opoietic precursor cells.  Proc Natl Acad Sci USA 2002,
99:6204-6209.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1721867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1721867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8717520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8717520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11096166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11096166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11096166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15314695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15314695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15314695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7934495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7934495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7934495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8250987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8250987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8250987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8816431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8816431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8816431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8245488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8245488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8245488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9247586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9247586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9247586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15905700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15905700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9321530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9321530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9321530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1729377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1729377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15664165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10562301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10562301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11748266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11748266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16492735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16492735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6153460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6153460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6153460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1545120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1545120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16170321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16170321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16170321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3358796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3358796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3358796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11034605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11034605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8526042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8526042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8526042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11983911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11983911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11983911


Available online http://arthritis-research.com/content/8/6/R166

Page 13 of 13

(page number not for citation purposes)

24. Turco J, Winkler HH: Relationship of tumor necrosis factor
alpha, the nitric oxide synthase pathway, and lipopolysaccha-
ride to the killing of gamma interferon-treated macrophage-
like RAW264.7 cells by Rickettsia prowazekii.  Infect Immun
1994, 62:2568-2574.

25. Morita S, Kojima T, Kitamura T: Plat-E: an efficient and stable
system for transient packaging of retroviruses.  Gene Ther
2000, 7:1063-1066.

26. Fujio K, Misaki Y, Setoguchi K, Morita S, Kawahata K, Kato I,
Nosaka T, Yamamoto K, Kitamura T: Functional reconstitution of
class II MHC-restricted T cell immunity mediated by retroviral
transfer of the αβ TCR complex.  J Immunol 2000, 165:528-532.

27. Fujio K, Okamoto A, Tahara H, Abe M, Jiang Y, Kitamura T, Hirose
S, Yamamoto K: Nucleosome-specific regulatory T cells engi-
neered by triple gene transfer suppress a systemic autoim-
mune disease.  J Immunol 2004, 173:2118-2125.

28. Abonour R, Williams DA, Einhorn L, Hall KM, Chen J, Coffman J,
Traycoff CM, Bank A, Kato I, Ward M, et al.: Efficient retrovirus-
mediated transfer of the multidrug resistance 1 gene into
autologous human long-term repopulating hematopoietic
stem cells.  Nat Med 2000, 6:652-658.

29. Djerbi M, Abdul-Majid KB, Abedi-Valugerdi M, Olsson T, Harris RA,
Grandien A: Expression of the long form of human FLIP by ret-
roviral gene transfer of hemopoietic stem cells exacerbates
experimental autoimmune encephalomyelitis.  J Immunol
2003, 170:2064-2073.

30. Taniguchi K, Kohsaka H, Inoue N, Terada Y, Ito H, Hirokawa K,
Miyasaka N: Induction of the p16INK4a senescence gene as a
new therapeutic strategy for the treatment of rheumatoid
arthritis.  Nat Med 1999, 5:760-767.

31. Hoshino M, Sone M, Fukata M, Kuroda S, Kaibuchi K, Nabeshima
Y, Hama C: Identification of the stef gene that encodes a novel
guanine nucleotide exchange factor specific for Rac1.  J Biol
Chem 1999, 274:17837-17844.

32. Mor A, Abramson SB, Pillinger MH: The fibroblast-like synovial
cell in rheumatoid arthritis: a key player in inflammation and
joint destruction.  Clin Immunol 2005, 115:118-128.

33. Mohler KM, Torrance DS, Smith CA, Goodwin RG, Stremler KE,
Fung VP, Madani H, Widmer MB: Soluble tumor necrosis factor
(TNF) receptors are effective therapeutic agents in lethal
endotoxemia and function simultaneously as both TNF carri-
ers and TNF antagonists.  J Immunol 1993, 151:1548-1561.

34. D'Haens G, Swijsen C, Noman M, Lemmens L, Ceuppens J, Agba-
hiwe H, Geboes K, Rutgeerts P: Etanercept in the treatment of
active refractory Crohn's disease: a single-center pilot trial.
Am J Gastroenterol 2001, 96:2564-2568.

35. Sandborn WJ, Hanauer SB, Katz S, Safdi M, Wolf DG, Baerg RD,
Tremaine WJ, Johnson T, Diehl NN, Zinsmeister AR: Etanercept
for active Crohn's disease: a randomized, double-blind, pla-
cebo-controlled trial.  Gastroenterology 2001, 121:1088-1094.

36. Pettipher ER, Higgs GA, Henderson B: Arthritogenic activity of
interleukin 1.  Agents Actions 1986, 19:337-338.

37. Horai R, Saijo S, Tanioka H, Nakae S, Sudo K, Okahara A, Ikuse T,
Asano M, Iwakura Y: Development of chronic inflammatory
arthropathy resembling rheumatoid arthritis in interleukin 1
receptor antagonist-deficient mice.  J Exp Med 2000,
191:313-320.

38. Horai R, Nakajima A, Habiro K, Kotani M, Nakae S, Matsuki T,
Nambu A, Saijo S, Kotaki H, Sudo K, et al.: TNF-alpha is crucial
for the development of autoimmune arthritis in IL-1 receptor
antagonist-deficient mice.  J Clin Invest 2004, 114:1603-1611.

39. van den Berg WB, Joosten LA, Helsen M, van de Loo FA: Amelio-
ration of established murine collagen-induced arthritis with
anti-IL-1 treatment.  Clin Exp Immunol 1994, 95:237-243.

40. Joosten LA, Helsen MM, Saxne T, van De Loo FA, Heinegard D,
van Den Berg WB: IL-1αβ blockade prevents cartilage and
bone destruction in murine type II collagen-induced arthritis,
whereas TNF-α blockade only ameliorates joint inflammation.
J Immunol 1999, 163:5049-5055.

41. Saijo S, Asano M, Horai R, Yamamoto H, Iwakura Y: Suppression
of autoimmune arthritis in interleukin-1-deficient mice in
which T cell activation is impaired due to low levels of CD40
ligand and OX40 expression on T cells.  Arthritis Rheum 2002,
46:533-544.

42. Netea MG, Azam T, Ferwerda G, Girardin SE, Walsh M, Park JS,
Abraham E, Kim JM, Yoon DY, Dinarello CA, et al.: IL-32 syner-
gizes with nucleotide oligomerization domain (NOD) 1 and

NOD2 ligands for IL-1β and IL-6 production through a caspase
1-dependent mechanism.  Proc Natl Acad Sci USA 2005,
102:16309-16314.

43. Butler DM, Malfait AM, Mason LJ, Warden PJ, Kollias G, Maini RN,
Feldmann M, Brennan FM: DBA/1 mice expressing the human
TNF-α transgene develop a severe, erosive arthritis: charac-
terization of the cytokine cascade and cellular composition.  J
Immunol 1997, 159:2867-2876.

44. Evans TI, Han J, Singh R, Moxley G: The genotypic distribution
of shared-epitope DRB1 alleles suggests a recessive mode of
inheritance of the rheumatoid arthritis disease-susceptibility
gene.  Arthritis Rheum 1995, 38:1754-1761.

45. Newman B, Silverberg MS, Gu X, Zhang Q, Lazaro A, Steinhart
AH, Greenberg GR, Griffiths AM, McLeod RS, Cohen Z, et al.:
CARD15 and HLA DRB1 alleles influence susceptibility and
disease localization in Crohn's disease.  Am J Gastroenterol
2004, 99:306-315.

46. Neurath MF, Fuss I, Kelsall BL, Stuber E, Strober W: Antibodies
to interleukin 12 abrogate established experimental colitis in
mice.  J Exp Med 1995, 182:1281-1290.

47. Sakaguchi N, Takahashi T, Hata H, Nomura T, Tagami T, Yamazaki
S, Sakihama T, Matsutani T, Negishi I, Nakatsuru S, et al.: Altered
thymic T-cell selection due to a mutation of the ZAP-70 gene
causes autoimmune arthritis in mice.  Nature 2003,
426:454-460.

48. Nakae S, Saijo S, Horai R, Sudo K, Mori S, Iwakura Y: IL-17 pro-
duction from activated T cells is required for the spontaneous
development of destructive arthritis in mice deficient in IL-1
receptor antagonist.  Proc Natl Acad Sci USA 2003,
100:5986-5990.

49. Yamamoto K, Sakoda H, Nakajima T, Kato T, Okubo M, Dohi M,
Mizushima Y, Ito K, Nishioka K: Accumulation of multiple T cell
clonotypes in the synovial lesions of patients with rheumatoid
arthritis revealed by a novel clonality analysis.  Int Immunol
1992, 4:1219-1223.

50. Speel EJ, Hopman AH, Komminoth P: Amplification methods to
increase the sensitivity of in situ hybridization: play card(s).  J
Histochem Cytochem 1999, 47:281-288.

51. Smeets TJ, Barg EC, Kraan MC, Smith MD, Breedveld FC, Tak PP:
Analysis of the cell infiltrate and expression of proinflamma-
tory cytokines and matrix metalloproteinases in arthroscopic
synovial biopsies: comparison with synovial samples from
patients with end stage, destructive rheumatoid arthritis.  Ann
Rheum Dis 2003, 62:635-638.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7514579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7514579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7514579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10871756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10871756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10861092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10835681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10835681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10835681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10395320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10395320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10395320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10364228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10364228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8393046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8393046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8393046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11569676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11569676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11677200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11677200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11677200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3493640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3493640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10637275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10637275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10637275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15578092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15578092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15578092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8306498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8306498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8306498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10528210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16260731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16260731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9300710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9300710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8849347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8849347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8849347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15046222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15046222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15046222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7595199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7595199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7595199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14647385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14647385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14647385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12721360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12721360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12721360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1335282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1335282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1335282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10026231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810425

	Abstract
	Introduction
	Materials and methods
	Mice
	Collagen-induced arthritis and collagen antibody induced arthritis
	Trinitrobenzen sulfonic acid-induced colitis
	Cytokines and cell lines
	Monoclonal antibodies and flow cytometry
	Synovial tissue samples from rheumatoid arthritis patients
	Peripheral blood mononuclear cells
	Preparation of retroviral constructs of IL-32b
	Production of retroviral supernatants and retroviral transduction
	Gene transduction to mouse splenocytes and adoptive transfer
	Bone marrow precursor cell isolation, infection, and transfer
	RT-PCR and quantitative PCR
	Immunoassays of mouse cytokines
	Histopathology
	In situ hybridization
	Statistical analysis

	Results
	Increased IL-32 expression in activated human peripheral blood mononuclear cells
	Abundant IL-32 expression in the synovial-infiltrated lymphocytes of rheumatoid arthritis patients
	Cytokine expression of the bone marrow chimera mice of IL-32b
	Exacerbation of TNFa-related inflammation in BM-hIL-32 mice
	Exacerbation of collagen-induced arthritis by transfer of IL-32b-transduced CD4+ T cells

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

