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Juvenile rheumatoid arthritis (JRA) comprises a heteroge-
neous group of diseases with at least 5 different subtypes1.
Activation and infiltration of immunologic cells, including
macrophages and lymphocytes, are prominent features of
chronic inflammatory arthropathies such as adult rheumatoid
arthritis (RA) and JRA. In these diseases, the cytokines result-

ing from this cellular infiltration greatly influence the out-
come of disease. Macrophages generally express higher levels
of cytokines than lymphocytes in RA2, while the lymphocyte
contribution to the inflammatory and/or joint destructive
process may be more indirect3. For example, lymphocyte acti-
vation can stimulate production of inflammatory mediators
from other cells including macrophages, monocytes, natural
killer (NK) cells, fibroblasts, and chondrocytes4,5.

Type 1 cytokine profiles, based on levels of interferon-γ
(IFN-γ) protein, were readily demonstrated for both JRA and
RA synovial fluids6,7, while the type 2 cytokines interleukin 4
(IL-4) and IL-10 were detected along with IFN-γ in synovium
of JRA patients with limited joint destruction8. A bias toward
a type 1 or type 2 phenotype can have a profound influence on
the disease course, as suggested by studies in autoimmune dis-
eases such as diabetes9, RA10-12, and JRA8.

Studies of the inflammatory processes in JRA have pri-
marily relied on the more readily available synovial fluid sam-
ples and may not necessarily reflect the situation in the syn-
ovial tissue, the target organ of the disease process. It should
be noted that, while there are many similarities, JRA is a dis-
ease entity largely distinct from RA13 and is likely to have dis-
tinct expression patterns. A recent study of JRA tissues, which
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ABSTRACT. Objective. To compare synovial tissue cytokine mRNA expression between patients with juvenile
rheumatoid arthritis (JRA) and a heterogeneous group of non-autoimmune arthropathies (controls) with
respect to type 1/type 2 balance.
Methods. Thirty-five JRA (average 9.1 years’ disease duration) and 13 control synovial tissues were
studied. As a measure of the type 1/type 2 cytokine balance in a subset of the JRA and control tissues,
interferon-γ (IFN-γ) and interleukin 4 (IL-4) mRNA levels were measured by competitive fragment
reverse transcription-polymerase chain reaction. To quantitate additional cytokines relevant to this bal-
ance, multiprobe ribonuclease protection assays were employed measuring IL-5, IL-10, IL-13, IL-15,
IL-18, and IL-12 (p35 and p40 subunits). Immunohistochemistry was performed on JRA tissues using
antibodies specific for IL-15 and IL-18.
Results. A higher IFN-γ:IL-4 ratio (p = 0.034) was found in JRA tissues compared to controls. JRA tis-
sues also displayed higher mRNA levels of IL-12p35 (p = 0.021), IL-15 (p = 0.002), and IL-18 (p =
0.017), but not IL-4 and IL-10. IFN-γ expression in JRA, but not controls, correlated strongly with 
IL-12p35 (r = 0.63) and IL-12p40 (r = 0.73) levels. A subset of IL-15+ and IL-18+ cells was detected
in JRA synovial tissues, largely within perivascular aggregates.
Conclusion. JRA synovial tissue cytokine expression patterns indicate a type 1 bias, even in the later
stages of disease. The strong correlation between IFN-γ and IL-12 in JRA suggests a prominent role for
IL-12 in promoting the type 1 bias, while IL-15 and IL-18 may also indirectly increase IFN-γ expres-
sion and further bias the immune response. (J Rheumatol 2002;29:369–78)
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measured cytokine expression by in situ hybridization,
observed prominent expression of IL-1ß, tumor necrosis fac-
tor-α (TNF-α), and IFN-γ, with moderate levels of IL-10 but
little or no IL-414. 

While type 1 and type 2 cytokine profiles are typically
based on IFN-γ and IL-4, respectively, it is important to also
investigate other cytokines involved in the initiation, regula-
tion, and maintenance of the polarized response, such as IL-
12, IL-15, and IL-18. IL-12, a heterodimer consisting of p35
and p40 moieties, is central to the priming of T cells toward a
type 1 response15 and has been shown to play a critical role in
unmasking latent autoimmunity16,17. IL-12 plays a significant
role in innate and antigen-specific disease18, as observed in
animal models of collagen induced arthritis19, diabetes20, and
experimental autoimmune encephalomyelitis21. Recently,
another subunit of IL-12 has been described, termed p19,
which combines with the p40 subunit of IL-12 to form a novel
cytokine, IL-23, which engages and signals through IL-12Rß1
but not IL-12Rß222. The relevance of this new cytokine to
JRA has yet to be determined.

IL-15, which can be produced by many cell types includ-
ing macrophages and endothelial cells, activates NK cells via
the IL-2R and can combine with IL-12 to significantly upreg-
ulate NK cell production of IFN-γ23-25. The effect on IFN-γ
production by IL-12 and IL-15, however, can be inhibited by
IL-1026.

IL-18 is important in the development of type 1 responses
in RA27, and can synergize with IL-12 and IL-15 to induce the
production of IFN-γ and TNF-α. IL-18 is highly regulated,
including its post-transcriptional modification to an active
secreted form by IL-1 converting enzyme28 and constitutive
production of a non-signaling binding protein29. While IL-12,
IL-15, and IL-18 have been shown to play a role in inflam-
mation in RA27, to our knowledge their presence has not yet
been reported in the JRA synovial compartment.

MATERIALS AND METHODS
Patients. Synovial tissues from 35 patients with JRA and 13 non-autoimmune
arthropathy patients were available for study. All JRA patients fulfilled the
American College of Rheumatology criteria for JRA1, requiring arthroscopic
or open synovectomy, diagnostic biopsy or joint replacement surgery as a nor-
mal part of the clinical care. It is noteworthy that 34 of 35 JRA patients had a
polyarticular course of disease. The tissues used for this study would have
been discarded otherwise. All patients were followed either at the pediatric
rheumatology clinics, Children’s Hospital Medical Center, Cincinnati, Ohio,
Valley Children’s Hospital, Fresno, California, or the University of
California, San Francisco, California. Immediately after surgery, specimens
were either placed in 10% neutral buffered formalin (and subsequently placed
in paraffin blocks within 12 h) or snap-frozen in liquid nitrogen and stored at
–70°C.

RNA isolation. Total cellular RNA was isolated from synovial tissues after
homogenization with a Polytron Tissue Tearor (Biospec Products,
Bartlesville, OK, USA) in appropriate volumes of RNA STAT-60 (Tel-Test,
Friendswood, TX, USA) according to the manufacturer’s instructions. RNA
concentration was determined by spectrophotometry.

Ribonuclease protection assay. Quantitation of cytokines, receptors, and cell
surface markers was performed using 5 µg of total cellular RNA utilizing the

Riboquant multi-probe RNase protection assay (RPA) (Pharmingen, San
Diego, CA, USA). Antisense RNA probes were generated from cDNA tem-
plates using the following kits: hCK-1 (IL-5, IL-4, IL-9, IL-10, IL-13, IFN-
γ), hCK-2 (IL-12p35, IL-12p40), and a custom kit (IL-18). Briefly, the α32P-
UTP labeled probes were hybridized to each tissue RNA (56°C, 16 h), treat-
ed with RNase A+T1, purified, and the resulting protected probes were visu-
alized following denaturing gel electrophoresis (5% acrylamide) by
PhosphorImage analysis using a Storm 840 and ImageQuant software
(Molecular Dynamics, Sunnyvale, CA, USA). An adjustment for signal inten-
sity was made based on the variable number of α32P-UTP in each probe. The
mRNA level of each cytokine, receptor, and cell surface marker within the
total RNA sample is represented as a percentage of GAPDH, a housekeeping
gene included in each probe set.

Immunohistochemical studies. Snap frozen OCT embedded synovial tissues
were snap cut in 7 µm serial sections using a cryostat and used for IL-15
immunohistochemistry (IHC). Tissue sections were then air dried and fixed in
acetone containing 35% H2O2. After preincubation with 20% human serum
(HS) in PBS for 20 min, samples were washed and incubated with primary
anti-hIL-15 antibodies in 1% HS/PBS for 60 min. Samples were then washed
3 times in 0.05% Tween/PBS, incubated with the secondary antibody diluted
in PBS for 30 min, washed twice in 0.05% Tween/PBS and once in 0.1 M
TRIS, then visualized with 3-amino-9-ethyl-carbazole (AEC).

Tissue samples used for IL-18 IHC were fixed by immersion in 10%
buffered formalin for 8–12 h at room temperature, sequentially dehydrated in
80%, 90%, and twice in absolute alcohol (30 min/each) with agitation, and
finally cleared in xylene (2 × 30 min), then embedded in paraplast and stored.
The paraplast embedded tissues were cut in serial 5 µm sections, mounted on
poly-L lysine coated Superfrost Plus glass slides (Fisher Scientific,
Pittsburgh, PA, USA) and deparaffinized in xylene (2 × 10 min), absolute
alcohol (10 min), and 90% alcohol (10 min). Synovial tissue sections were
permeabilized for 15 min with saponin buffer (1% FCS, 0.1% sodium azide,
0.1% saponin in PBS; all from Sigma) blocked for endogenous peroxidase
using 1% H2O2 in saponin buffer for 45 min away from light. IL-18 produc-
ing cells were immunostained, according to manufacturer’s protocol
(Vectastain Elite ABC kit: Vector Laboratories, Burlingame, CA, USA), for
12–16 h using an affinity purified goat anti-human IL-18 polyclonal antibody
(1:200 dilution of 1 µg/ml stock) (a gift from R. Turner, R&D Systems,
Minneapolis, MN, USA) as the primary antibody. The following day, slides
were washed in saponin buffer, incubated with a biotinylated anti-goat IgG
for 45 min, washed again in saponin buffer, and incubated with an avidin-
biotin complex for 30 min away from light. Immunoreactive cells were visu-
alized by addition of diaminobenzidine substrate and lightly counterstained
with hematoxylin. All incubations were carried out at room temperature.
Isotype control sections were prepared under identical conditions replacing
the primary IL-18-detecting Ab with a purified normal goat IgG control Ab
(Jackson ImmunoResearch Laboratories, West Grove, PA, USA).

Competitive fragment RT-PCR. Total RNA (8–11 µg per tissue) extracted
from 12 JRA (3 polyarticular, 4 pauciarticular, 5 systemic onset) and 6 con-
trol (osteochondritis, osteochondrosis, spondylo-epiphyseal displasia, steroid
osteonecrosis, and 2 avascular necrosis) synovial tissues served as a template
for transcription using oligo (d)T as primer and SuperScript II™ (Gibco BRL,
Gaithersburg, MD, USA) as described30. Quantitation of IL-4, IFN-γ, and ß-
actin expression was determined by competitive fragment RT-PCR. Briefly,
2-fold serial dilutions of a PCR MIMIC™ (Clontech, Palo Alto, CA, USA)
were added to polymerase chain reactions containing constant amounts of
cDNA (starting amount of RNA per PCR: 1 µg IL-4, 12.5 ng IFN-γ, 6.25 ng
ß-actin). For ß-actin, use of the 5′primer 5′-ATCTGGCACCACACCTTCTA-
CAATGAGCTGCG-3′ and 3′primer 5′-CGTCATACTCCTGCTTGCT-
GATCCACATCTGC-3′ yielded ß-actin PCR products of 838 bp and a 619 bp
competitive DNA product. Similarly, PCR products of different sizes (345 bp
for IL-4 and 505 bp for the competitive fragment) were accomplished for IL-
4 PCR using the 5′ primer 5′-CAACTTTGTCCACGGACAC-3′ and the
3′primer 5′-TCCAACGTACTCTGGTTGG-3′. We used 5′-GCATCGTTTT-
GGGTTCTCTTGGCTGTTACTGC-3′ and 5′-CTCCTTTTTCGCTTCCCT-
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GTTTTAGCTGCTGG-3′ for IFN-γ PCR, which yielded PCR products of
427 bp and 570 bp (competitive fragment). Aliquots of cDNA and MIMIC™
dilutions were mixed, then added to a mixture containing 1.5 mM MgCl2, 10
mM Tris-HCl pH 8.3, 50 mM KCl, 0.4 µM each primer, 0.2 mM each dNTP,
and 1.25 U of Taq Gold DNA polymerase (Perkin-Elmer, Norwalk, CT,
USA). The PCR reaction was performed in a total volume of 25 µl for 35
cycles of amplification (94°C for 1 min, 57°C for 1 min, 72°C for 1 min) after
an initial hold at 95°C for 10 min in a Thermocycler PE9600 (Perkin-Elmer).
PCR products were analyzed by electrophoresis on 2% agarose gels and visu-
alized by ethidium bromide staining. Cytokine or ß-actin mRNA quantities
were determined to be equal to the number of attomoles of MIMIC used when
equivalent band intensities were achieved for sample and MIMIC. Results are
expressed as attomoles cytokine/1 × 104 attomoles ß-actin for each sample.

Statistics. mRNA expression levels of patients with JRA versus non-autoim-
mune arthropathies (controls) were compared for statistical differences using
Student’s t test, while adjusting for unequal variances when appropriate. P
values < 0.05 were deemed statistically significant. To assess the relative lev-
els of mRNA expression in receptor/ligand pairs, Spearman correlation coef-
ficients were utilized.

RESULTS
To describe the balance of type 1 to type 2 cytokines in JRA,
cytokine mRNA levels were measured in what is, to our
knowledge, a unique collection of synovial tissue specimens.
Thirty-four of 35 JRA patients included in this study had a
polyarticular course of disease (with one pauciarticular
course), but varied in their disease onset types (Table 1). The
median age at surgery of JRA was 19.2 years (range
3.2–32.8), and the median disease duration at the time of tis-
sue sampling was 9.1 years (range 0.3–29.5). For comparison,
synovial tissue cytokine expression was measured in a group
of 13 control patients with diverse non-autoimmune
arthropathies (Table 1). The median age of the control patients
at the time of surgery was 12.9 years (range 1.3–18.3). The
reported values of cytokine mRNA constitute overall levels of
these molecules found in the synovial tissue as a whole and
are therefore not cell-type-specific.

IL-4 and IFN-γ mRNA quantitation by competitive fragment
RT-PCR. Defining the balance between IL-4 and IFN-γ
mRNA expression is important for understanding the inflam-
matory environment of the JRA synovium. IFN-γ and IL-4
mRNA expression was measured using competitive fragment
RT-PCR for 13 JRA tissues and 6 control tissues. Using this
method, our limit of detection was 60 copies of cytokine
cDNA. All cytokine quantitation by RT-PCR is presented rel-
ative to the housekeeping gene ß-actin (attomol cytokine/1 ×
104 attomol ß-actin) to provide a standard reference, thereby
allowing comparisons between tissues. Neither IFN-γ nor IL-
4 mRNA expression levels differed significantly between JRA
and nonautoimmune arthropathy control tissues (Table 2). It is
noteworthy that when individual tissues are considered, IFN-
γ levels were equal to or exceeded IL-4 levels in 12 of 13 JRA
tissues but in only 2 of 6 control tissues. The ratio of IFN-γ to
IL-4 (IFN-γ:IL-4) was significantly higher in JRA tissues (p =
0.03) compared to control ratios (JRA 4.76 ± 0.91, mean ±
SEM: controls 1.44 ± 0.67). These findings are consistent
with a type 1 biased phenotype in JRA synovial tissues.

Type 1/type 2 cytokine mRNA detection by RPA. To further
delineate the factors affecting the type 1 cytokine profile in
JRA synovial tissues an expanded panel of cytokines was
investigated using RNase protection assays. RPA, although
not as sensitive as RT-PCR, offers the advantage of simulta-
neously quantifying several mRNA species in a single sample,
thereby providing efficient use of our limited tissue speci-
mens. A representative RPA using the probe set hCK-1 is
shown in Figure 1. Undigested probe serves as marker and
provides bands that are slightly larger than the protected frag-
ments since the probe includes flanking sequences derived
from the plasmid construct. Larger probes incorporate more
32P labeled UTP and may appear more intense than smaller
probes, while loading differences can also affect the intensity
of a particular band. Therefore the levels of cytokine mRNA
were normalized to the number of incorporated UTP and
expressed as a percentage of the housekeeping gene GAPDH.
Yeast t-RNA was included as a negative control in all assays.
The levels of cytokine mRNA are expressed as a function of
the corresponding housekeeping gene GAPDH mRNA levels.
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Figure 1. Measurement of cytokine mRNA levels by RNase protection assay.
In this representative phosphorimage obtained using the probe set hCK-1,
cytokine quantitation was achieved for JRA or control tissues by measuring
individual cytokine band intensities relative to the housekeeping gene
GAPDH. Undigested radiolabeled probe served as the marker and yielded
fragment sizes slightly larger than the protected fragments due to the presence
of the flanking sequences in the probe constructs. Yeast t-RNA was included
as a negative control (–). In this example, IL-15 and IL-10 bands are visible,
whereas IFN-γ is faint but can be quantitated using ImageQuant software.
Protected bands were identified using the migration distances and known
fragment lengths of the marker, while the positive control (+) provided with
the kit was used to verify band identification. 
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This probe set included IL-4, IL-5, IL-10, IL-15, IL-9, IL-2,
IL-13, and IFN-γ as well as the housekeeping genes GAPDH
and L32. The most readily detectable cytokine was IL-15
whereas IL-4, IL-5, IL-9, IL-2, and IL-13 were all below the
limit of detection. IFN-γ mRNA expression, by RPA, was

higher in JRA (0.038 ± 0.007, mean ± SEM, n = 35) than in
controls (0.016 ± 0.008, n = 13), although this difference did
not reach statistical significance (p = 0.07). IL-10, another
type 2 cytokine, although readily detectable, showed no sig-
nificant difference in expression between JRA (0.103 ± 0.015,

The Journal of Rheumatology 2002; 29:2372

Table 1. Clinical and laboratory characteristics of study patients.

Patient Age at Age at Onset to 
No. *Diagnosis Onset Surgery Surgery IgM-RF ANA

(years) (years) (years)

1 Polyarticular onset JRA 14.7 20.3 5.5 POS POS
2 Polyarticular onset JRA 14.7 25.2 10.5 POS NEG
3 Polyarticular onset JRA 13 27.4 14.4 POS POS
4 Polyarticular onset JRA 13.7 15.5 1.8 POS POS
5 Polyarticular onset JRA 14.5 16.8 2.3 POS POS
6 Polyarticular onset JRA 13.4 20.7 7.3 POS POS
7 Polyarticular onset JRA 12.7 21.8 9.1 POS NEG
8 Polyarticular onset JRA 10.9 14.1 3.2 na na
9 Polyarticular onset JRA 14.0 20.8 6.8 POS POS
10 Early-pauciarticular onset JRA 1.7 17.4 15.8 NEG POS
11 Early-pauciarticular onset JRA 2.5 13.7 11.2 NEG POS
12 Early-pauciarticular onset JRA 2.1 13.3 11.3 na na
13 Early-pauciarticular onset JRA 2.9 3.2 0.3 NEG POS
14 Early-pauciarticular onset JRA 1.2 9.9 8.7 NEG POS
15 Early-pauciarticular onset JRA 3.2 32.8 29.5 NEG POS
16 Early-pauciarticular onset JRA 2.0 26.9 24.9 NEG POS
17 Late-pauciarticular onset JRA 7.9 16.5 8.6 NEG POS
18 Late-pauciarticular onset JRA 11.8 na na POS POS
19 Late-pauciarticular onset JRA 11.4 11.8 0.4 na na
20 Late-pauciarticular onset JRA 8.0 17 9.0 NEG POS
21 Late-pauciarticular onset JRA 15.3 na na na na
22 Late-pauciarticular onset JRA 9.8 20.1 10.3 NEG POS
23 Systemic JRA 2.1 20.2 18.1 na POS
24 Systemic JRA 3.5 19.8 16.3 NEG NEG
25 Systemic JRA na 15.2 na na na
26 Systemic JRA 12.9 15.8 2.9 NEG NEG
27 Systemic JRA 6.4 22.8 16.3 NEG NEG
28 Systemic JRA 4.0 17.8 13.8 na na
29 Systemic JRA 14.0 21.0 7.0 na na
30 Systemic JRA 5.4 22.4 16.9 NEG POS
31 Systemic JRA 13.5 19.7 6.2 NEG NEG
32 Systemic JRA 14.1 21.2 7.1 NEG NEG
33 Systemic JRA na na na na na
34 Systemic JRA 9.3 17.0 7.8 NEG POS
35 Systemic JRA 7.3 16.4 9.1 NEG NEG
36 Lipoma arborescens na 9.8 na na na
37 Trauma na na na na na
38 Talipes equinovarus na 18.3 na na na
39 Spondylo-epiphyseal dysplasia na 13.8 na na na
40 Osteochondritis na 15.2 na na na
41 Osteochondritis na na na na na
42 Avascular necrosis na 12.7 na na na
43 Septic arthritis na 1.3 na na na
44 Osteochondrosis na 8.8 na na na
45 Steroid osteonecrosis na na na na na
46 Spondylo-epiphyseal dysplasia na 14.3 na na na
47 Slipped capital femoral epiphysis na 12.9 na na na
48 Perthes disease na 8.1 na na na

*For JRA patients, the diagnoses are disease onset types as all have a polyarticular course except Patient 13 who has a pauciarticular course. Pauciarticular
onset: early < 6 yo, late > 7 yo. na: not available.
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n = 35) and the nonautoimmune arthropathy control tissues
(0.076 ± 0.021, n = 13) (Figure 2). This finding is consistent
with the predominant type 1 profile in JRA defined by RT-
PCR analysis using a subset of the same synovial tissues. The

IFN-γ:IL-4 ratio could not be analyzed using RPA methodol-
ogy, since IL-4 levels were below the level of detection in
both patient and control tissues.

Mediators of the type 1 cytokine response. Next, we quantified
mRNA expression for cytokines proposed to be important for
the priming and perpetuation of type 1 responses, specifically
IL-12, IL-15, and IL-18. IL-18 potentiates the IL-12 induced
IFN-γ production by T cell infiltrates in the RA synovium31. In
addition, IL-15 can induce the production of IFN-γ, even in
the absence of IL-12. For IL-12 it is necessary to examine
both the p35 and the p40 subunits separately, since they are
independently regulated. As shown in Figure 2, higher levels
of IL-12p35, IL-18, and IL-15 mRNA were found in JRA tis-
sues as compared to the control tissues, while IL-12p40 levels
were similar. To evaluate the possible relationships between
these various inflammatory mediators, correlation coefficients
were calculated for mRNA levels of IFN-γ (as measured by
RT-PCR) and IL-12p35, IL-12p40, and IL-18 as well as IL-15.
IFN-γ levels and both IL-12 subunits were highly correlated in
JRA tissues (IL-12p35: r = 0.63; IL-12p40: r = 0.73), but not
in control tissues (IL-12p35: r = 0.33; IL-12p40: r = –0.003).
Immunohistochemical detection of IL-15 and IL-18 in JRA tis-
sues. To validate the novel detection of IL-15 and IL-18 in
JRA, we performed immunohistochemical staining of 5 JRA
tissues. IL-15 staining was apparent on the surface of cells in
all 5 tissues (Figure 3), specifically vascular smooth muscle
and macrophages as determined by morphologic analysis,
while IL-18 was contained largely within the cytoplasm. IL-
18 was noted to be widely expressed in highly infiltrated tis-
sue sections and specifically in a subset of cells including a
majority of plasma cells, macrophage, vascular smooth mus-
cle and endothelial cells, as determined by cell morphology
(Figure 4). In contrast, most small lymphocytes appeared to be
IL-18 negative. Prior tests of IL-18 staining on ulcerative col-
itis and Crohn’s disease biopsies revealed specific staining
similar to published reports32. In addition, a recent report of
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Table 2. Quantitative measurement of IFN-γ and IL-4 mRNA expression in
JRA synovial tissues IFN-γ : IL-4 and nonautoimmune inflammatory con-
trols.

Patient No. *IFN-γ IL-4 IFNγ :IL-4

JRΑ 2 1.00 0.60 1.7
5 5.00 1.25 4.0
6 2.00 5.00 0.4
10 2.50 0.25 10.0
13 6.25 0.78 8.0
16 5.00 1.56 3.2
20 10.00 2.50 4.0
24 5.00 0.63 8.0
27 3.00 2.50 1.2
28 10.00 1.87 5.3
29 6.25 3.13 2.0
32 1.00 0.25 4.0
34 15.60 1.56 10.0

Control 40 0.20 0.25 0.8
42 20.00 4.00 5.0
44 1.25 1.25 1.0
45 0.17 0.20 0.9
46 3.13 15.60 0.2
48 2.50 3.13 0.8

JRA Median 5.00 1.56 4.00
Mean 5.59 1.68 4.76
†SEM 1.16 0.37 0.91

Control Median 1.88 2.19 0.82
Mean 4.54 4.07 1.44
†SEM 3.13 2.39 0.72

** t-test p = 0.70 p = 0.17 p = 0.03

* Results are expressed as attomol cytokine/1× 104 attomol of β−actin.
† Standard error of the mean.
** Student’s t test, 2-tailed, comparing cytokine measurements between
JRA and control samples.

Figure 2. Comparison of mean cytokine mRNA levels between JRA and control tissues with error bars indicating the
standard error of the mean for each cytokine. Significant differences (*p < 0.05, **p < 0.01) between JRA and con-
trol tissues were found in IL-12p35, IL-15, and IL-18 mRNA levels, while no difference was found for either IL-10
or IL-12p40. All mRNA values were normalized relative to the level of the housekeeping gene GAPDH.
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Figure 3. Acetone fixed sections of synovial tissues from patients with JRA were analyzed for IL-15 by immunohistochemical detection with anti-IL-15 antibody
and stained with AEC by the immunoperoxidase method (shown in red) followed by hematoxylin counterstain. (A) IL-15 is strongly expressed on the surface of
vascular smooth muscle and within rare IL-15 positive macrophages and is representative of the staining pattern found in the 5 JRA tissues examined. (B) Note
the surface expression pattern of IL-15 staining. (C) Isotype matched negative control. (Original magnification A ×10, B ×40, C ×10.)

A B C

Figure 4. Detection of IL-18 in a representative JRA synovial tissue paraffin section. IL-18 was similarly observed in all 5 JRA tissues tested. (A) Tissues were
incubated with goat anti-IL-18 polyclonal antibody and stained with DAB by the immunoperoxidase method (shown in brown) followed by hematoxylin counter-
stain. (B) IL-18 positive cells were detected at high frequency within synovial infiltrates. (C) Isotype matched negative control. (Original magnification A ×10, B
×40, C ×10.)

A B C
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articular cartilage in osteoarthritis patients found variable
expression of IL-18 by chondrocytes33, yet following in vitro
stimulation with IL-1ß, all chondrocyte preparations in that
report were noted to express IL-18 mRNA and protein. A sec-
tion of cartilage from a single JRA patient was subjected to
IL-18 staining and the chondrocytes were found to be uni-
formly IL-18 positive, including noninflammatory sections of
cartilage (Figure 5). Isotype-matched controls reveal only low
levels of background staining.

DISCUSSION
Our study examined the expression of the cytokines IFN-γ,
IL-2, IL-4, IL-5, IL-10, IL-12, IL-13, IL-15, and IL-18 in JRA
synovial tissue. These cytokines are of interest because of the
roles they play in the initiation and perpetuation of type 1/type
2 T cell polarization. It should be noted that the JRA tissues
available for study represent only the most severe forms of the
disease, which are at the late stages of the disease process as
defined by the need for surgical intervention. The majority of
patients have evidence of cartilage destruction, either as joint
space narrowing or bone erosion, by the time of surgery. It is

important to examine synovial tissue because it provides
insight into the major affected site of JRA, and may differ
from the more easily accessible synovial fluid or peripheral
blood. Cytokine expression in the synovial tissue is difficult to
interpret because of the variable number and variety of cell
types present within the synovium. Further complicating our
understanding of cytokine patterns is the large number of
cytokines with redundant, pleiotropic, and/or autocrine/
paracrine effects. However, we believe that studies such as
ours that examine entire synovium are valuable since they
accurately reflect the cytokine milieu expressed by all the cell
types present. Leukocytes encounter this cytokine milieu upon
arrival to the synovium, resulting in changes in their activa-
tion, differentiation, homing and cytokine expression profiles.
In addition, the response to antigen and cell/cell interactions
are largely dependent upon the cell’s environment34. The pres-
ence of activated T cells within the synovium35 and the clonal
expansion of T cells in JRA joints36 illustrate the importance
of T cells in the disease process.

JRA has generally been described as a type 1 disease with
increased levels of IFN-γ and variably low levels of IL-4 in
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A B
Figure 5. Immunohistochemical detection of IL-18 in JRA chondrocytes. (A) Uniform staining of chondrocytes was noted even in areas without inflammatory
changes. (B) Isotype matched negative control. (Original magnification ×40.)
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studies utilizing synovial fluid37,38. In agreement with these
reports, we found low levels of IL-4. In fact, IL-4 was not
detectable by RPA in any of the tissues examined. In addition,
when the RT-PCR assay was used, the levels of IL-4 were
lower than that of IFN-γ in 12 of 13 JRA tissues. Comparing
the type 1/type 2 profile of JRA to that of our control tissues,
we found significantly higher IFN-γ:IL-4 ratios in the JRA
samples. IFN-γ and IL-4 mRNA levels, analyzed separately,
revealed only a trend toward higher levels of IFN-γ and simi-
lar levels of IL-4 expression in JRA synovial tissues versus
control tissues. Several factors could be responsible for the
altered IFN-γ:IL-4 ratio found in the JRA tissues, such as an
increased production of type 1 polarizing cytokines, a loss of
regulatory mechanism(s) that limits IFN-γ production, or an
increase in the number of IFN-γ producing cells via recruit-
ment, proliferation or rescue from apoptosis.

We report higher levels of mRNA for the 3 proinflamma-
tory cytokines analyzed, IL-12 (p35 subunit), IL-15, and IL-
18, in JRA compared to control synovial tissues. Further, we
found a strong correlation between both IL-12 subunits and
IFN-γ levels in JRA tissues but not in control tissues, suggest-
ing a physiological relationship between the 2 in JRA joint
disease. No correlation was found for either IL-15 or IL-18
with IFN-γ. This is not surprising since these 2 cytokines act
indirectly to promote IFN-γ production by inducing IL-12 or
IL-12R, although they may have a limited direct effect on
IFN-γ production31,39,40. IL-12, IL-15, and IL-18 are produced
by a variety of cell types and may influence the production of
IFN-γ either directly or indirectly. For example, dendritic cells
migrating from peripheral sites to secondary lymphoid organs
may produce IL-12, sensitizing T cells and thus skewing the
immune response toward the induction of cell mediated
immunity41. IL-15 and IL-12 are simultaneously produced by
macrophage activation. In addition, this combination of
cytokines is critical for optimal IFN-γ production by NK
cells24. While individually IL-12, IL-15, and IL-18 can
enhance IFN-γ production the combination of these cytokines
is much more effective27,42, highlighting our finding that all 3
cytokines are found at increased levels in the JRA synovium.
Hence, the lack of significant differences in IFN-γ levels
between JRA and our heterogeneous, non-autoimmune con-
trols does not appear to be consistent with the increases
reported here for IL-12, IL-15, and IL-18. However, it should
be noted that IFN-γ:IL-4 ratios greater than 1 are found in 12
of 13 JRA, but only one of 6 control tissues. No differences in
mRNA levels for IL-4 or IL-10 were found in JRA compared
to control tissues, which may reflect a defect in the regulation
necessary to counter the proinflammatory cytokine
response40,43. The modest increase in IFN-γ production shown
here for JRA, despite higher levels of IL-12, IL-15, and IL-18,
may be a result of the influence of other factors, such as IL-18
binding protein and transforming growth factor-ß (TGF-ß).
TGF-ß can block IL-15 and IL-18 induced IFN-γ produc-
tion27. However, the increased levels of IL-18 mRNA and the

widespread presence of IL-18 protein within synovial infil-
trates does suggest a potential role for IL-18 in JRA.

The number of cells available to produce IFN-γ may be
dependent on local cell proliferation, apoptosis, and/or migra-
tion. IL-15 enhances the transendothelial migration of T cells,
thus increasing their recruitment and proliferation44. We report
higher levels of IL-15 mRNA in JRA synovial tissues than in
non-autoimmune controls. IL-15 may also play a role in JRA
synovial tissue expansion by providing infiltrating leukocytes
the increased metabolic support and greater access to the syn-
ovium through induction of angiogenesis45,46. Reported dis-
crepancies between abundant IL-15 message and minimal or
absent secreted protein found in synovial fluids may represent
significant posttranscriptional regulation or a high degree of
membrane bound, biologically active protein47. Many of the
known effects of IL-15 are mediated in a cell contact depen-
dent manner that could represent the need for secondary sig-
nals or the use of the membrane bound form of IL-1548,49.
Arguing for the validity of IL-15 mRNA measurements, IL-15
mRNA synthesis has been directly related to the protection of
T cells from apoptosis50. Additionally, immunohistochemistry
of JRA tissues revealed a membrane bound form of IL-15
found in a subset of cells within interstitial and perivascular
aggregates.

Both IL-15 and IL-18 are capable of stimulating T cells to
induce monokine production, including TNF-α, even in the
absence of T cell receptor/CD3 stimulation51,52. Cytokine
stimulated T cells may play a key role in the JRA disease
process through differential cell surface marker expression
and cytokine production, including IFN-γ and TNF-α39,53,54.
This change in expression patterns could result in a loss of
regulation and perpetuation of the inflammatory process by
altering the paracrine negative feedback loop. TNF-α may not
only activate the proinflammatory cascade at the site of
inflammation, but can also modulate leukocyte recruitment
through upregulation of E-selectin and intercellular adhesion
molecule-1, thereby allowing selective recruitment of type 1
polarized leukocytes55. Indeed, a recent study of TNF-α
blockade in RA joints revealed a concomitant reduction of
chemokines and granulocyte traffic, supporting the hypothesis
that TNF-α plays a role in regulation of leukocyte traffic56.
The recent success of anti-TNF therapies highlights the
importance of TNF-α in the JRA disease process57.

Our data confirm continued expression of IFN-γ even in
the later stages of JRA and higher IFN-γ:IL-4 ratio compared
to that of control tissues. Further, a strong correlation was
found between mRNA levels for both IL-12 subunits and IFN-
γ in JRA synovial tissues, consistent with the prominent role
of IL-12 in polarization of type 1 T cells. We also report
increased expression of IL-15 and IL-18, which can induce
IFN-γ synthesis and may in part explain the higher IFN-γ:IL-
4 ratio reported in the JRA synovium. We found no significant
difference in the expression of IL-10 in JRA from that of con-
trols, possibly indicating a loss of regulation in severe or long
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standing disease. Further studies are required to define the
recruitment patterns of specific cell subsets to the synovial
compartment in JRA and to define the interplay of proinflam-
matory and antiinflammatory cytokine expression patterns in
the synovium.
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