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Expression of interferon-gamma (IFN-v), IL-10, IL-12 and transforming
growth factor-beta (TGF-3) mRNA in synovial fluid cells from patients in the
early and late phases of rheumatoid arthritis (RA)
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SUMMARY

The expression of immunoregulatory cytokines was investigated in freshly isolated synovial fluid
mononuclear cells (SEFMC) and peripheral blood mononuclear cells (PBMC) from patients with
RA, using a quanlitative reverse transcriptase-polymerase chain reaction (RT-PCR) assay.
IFN-y, TGF-3, IL-10 and IL-12 (p40) transcripts were detected in SFMC of patients with early
disease (<1 year duration) as well as in patients with long standing arthritis (>>1 year). The
expression of IFN-~, IL-10 and IL-12 mRNA was increased in SFMC compared with RA PBMC.
In addition, the expression was higher in RA SFMC than in PBMC from healthy control
individuals. Immunoassay analysis of the secreted IL-12 heterodimer demonstrated increased
levels in RA SF compared with levels found in serum from RA patients and control individuals.
High levels of TGF-3 mRNA were found in SFMC, but a significantly decreased TGF-3/03,-
microglobulin (8,-M) ratio was found compared with PBMC from both patients and control
individuals. IL-4 mRNA could not be detected, either in SFMC or in PBMC. Cytokine expression in
RA PBMC did not differ from control PBMC, with the exception of a decreased TGF-3/3,-M ratio
in RA patients with early disease. Our findings of IFN-y mRNA and IL-12, but undetectable levels
of IL-4 mRNA, suggest that the synovitis is characterized by a type |1 immune response. The
presence of TGF-4 and IL-10 mRNA indicates that immunosuppressive cytokines may also operate
in the inflamed joint, although their level of expression may not be sufficient for down-modulation of

immune activation.
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INTRODUCTION

Cytokines are implicated as important mediators of inflamma-
tion and joint destruction in RA. Pro-inflammatory cytokines
such as tumour necrosis factor-alpha (TNF-«) and IL-1 may
induce the production of proteoglycan- and collagen-degrading
enzymes, resulting in cartilage destruction [1]. TNF-« and IL-1,
in association with IL-6, exertl systemic effects such as fever,
fatigue and induction of acute-phase proteins. Treatment of
RA patients with anti-TNF-« antibodies induce marked
improvement in both clinical and laboratory disease measures,
supporting a pathogenic role for TNF-« in arthritis [2].

The production of TNF-« and IL-1 is down-regulated in
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vitro by IL-4, TL-10 and prostaglandin E, (PGE,), whereas
IFN-~v stimulates TNF-« and IL-1 expression [3—7]. This
suggests that 4 type 1 immune response (predominant cellular
immunity) rather than a type 2 response (predominant humoral
immunity) would enhance the inflammatory cascade in RA.
The type | response {mediated by IL-2, IFN-v and IL-12) and
typc 2 response (mediated by IL-4, TL-5, 1L-6, IL-10 and IL-13)
are reciprocally down-regulatory [8,9]. For example, IL-10
inhibits lymphocyte IFN-v production, primarily by suppres-
sing the synthesis of the IFN-v-inducing factor IL-12, in
accessory cells [10,11]. Immune responses are further modu-
lated by the multifunctional cytokine, TGF-3. The immuno-
suppressive effects of TGF-3 include inhibition of T and B cell
function, cytokine production, antibody formation and natural
killer (NK) cell activity [12]. In collagen type IT arthritis in mice
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(CIA), TGF-3 or anti-TNF-« antibodies protect against CIA,
whereas TNF-o or anti-TGF-3 antibodies increase CIA inci-
dence, indicating opposite effects of these cytokines in vivo [13].
However, local administration of TGF-8 into the synovial
tissue (ST) of rats induces chemotaxis of polymorphonuclear
leucocytes, suggesting that TGF-3 may under certain circum-
stances exert pro-inflammatory activities [14].

Several cytokines such as IL-1, IL-6, IL-8, TNF-q,
granulocyte-macrophage colony-stimulating factor (GM-
CSF) and TGF-3 have been detected in the rheumatoid joint
[3,15-27]. Recently, IL-10 mRNA and protein expression was
also demonstrated in the synovial membrane [4,28] and peri-
pheral blood [PB] of RA patients [29]. Although the synovial
compartment is highly infiltrated by activated T cells [30,31], it
has often proven difficult to detect T cell-derived cytokines such
as IL-4 [25,28] and IFN-v. Conflicting data have been pre-
sented regarding IFN-y expression in RA patients. Undetect-
able levels of IFN-+ transcripts in synovial fluid (SF) and ST
have been reported [16,35], and immunoassay analyses have
shown only low levels of protein secretion in SF [15,22,32,33].
However, other studies have demonstrated IFN-y mRNA
expression in freshly isolated SF and ST [28,34].

In the present study, mRNA expression of immunoregula-
tory cytokines was analysed in freshly isolated SF mononuclear
cells (SFMC) and PB mononuclear cells (PBMC) from RA
patients and compared with unstimulated and phytohae-
magglutinin (PHA)-stimulated PBMC from healthy control

individuals. For this purpose, we utilized a quantitative reverse
transcriptase-polymerase chain reaction (RT-PCR) assay for
IFN-v, TGF-3, IL-4, IL-10 and IL-12 as well as markers for
total mRNA (B;-microglobulin (3,-M)) and T cell-derived
mRNA (T cell receptor a-chain). IL-12 was further studied by
immunoassay analysis of the secreted protein in SF and serum.

PATIENTS AND METHODS

Patients

Twenty-two patients with RA, according to the 1987 American
Rheumatism Association (ARA) criteria [36], were included in
the study. Eleven patients were defined as early RA (disease
duration <1 year, defined from the onset of symptoms). The
other 11 patients were defined as late RA (duration range 3-39
vears). None of the patients was receiving disease-modifying
antirheumatic drugs for at least 2 months before sampling, but
all patients were taking non-steroidal antiinflammatory drugs.
Paired samples of PB and SF were obtained from 17 patients
(11 early and six late RA). From five patients, only PB was
taken (see Table | for patient characteristics). The number of
tender joints and erythrocyte sedimentation rate (ESR)
(Westergren) were not significantly different between the two
patient groups, whereas the number of effused joints was
significantly higher in the group of early RA patients
(P = 0-005). PB was also obtained from a control group
consisting of eight healthy adult individuals.

Table 1. Patient characteristics and clinical analysis

No. No. Discase No.

Age tender effused duration RF ARA
Sex (years) ESR joints joints (years) status criteria Sample
Early RA
F 54 34 21 17 0-1 NA 5 PB + SF
F 67 55 5 3 01 Pos. 5 PB +SF
F 83 32 16 8 01 Neg. 4 PB + SF
F 52 70 13 6 02 Neg. 4 PB + SF
F 54 85 18 10 02 Pos. =5 PB +SF
F 71 59 12 4 02 Pos. 5 PB +SF
M 48 58 17 10 0-2 Pos. 4 PB + SF
M 69 30 12 17 0-25 Pos. 4 PB + SF
M 80 25 27 17 04 Neg. 4 PB + SF
F 25 NA 0 3 0-5 NA 4 PB + SF
M 58 34 26 4 06 Pos. 5 PB + SF
Late RA '
F B ¥ 74 29 6 7 Pos. =5 PB + SF
F 56 NA 1 0 7 Pos. =5 PB + SF
F 60 NA 5 5 8 Neg. 25 PB + SF
F 60 38 2 2 9 Pos. =5 PB + SF
M 37 22 4 5 18 Neg. =5 PB + SF
F 66 21 0 0 36 Pos. =S5 PB + SF
F 35 24 13 1 3 Pos. =5 PB
F 38 12 8 4 14 Pos. =25 PB
F 59 72 33 4 15 Pos. =5 PB
F 42 29 28 2 25 Neg. =5 PB
F 72 54 11 0 39 Pos. =5 PB

NA, Not analysed; PB, peripheral blood; SF, synovial fluid.
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Preparation of PBMC and SFMC

Immediately after sampling, mononuclear cells were isolated by
density centrifugation on a Ficoll-Paque gradient (Pharmacia,
Uppsala, Sweden) and subsequently washed twice with PBS.
Cell suspensions were stored at —70°C or in liquid nitrogen
until the preparation of RNA. PBMC from one healthy donor
was subjected to PHA (Difco, Detroit, MI)-induced activation
in vitro. Two million cells suspended in RPMI 1640 medium +
10% fetal calf serum (FCS) were cultured with or without PHA
(2 pg/ml) for 3 h and 6 h, followed by centrifugation (200 g,
10min, 4°C) and storage at —~70°C.

RNA preparation and cDNA synthesis

Total cytoplasmic RNA was prepared from 2-5 x 10° cells,
essentially according to the guanidinium thiocyanate extraction
method [37]. After purification, RNA concentration was deter-
mined by measuring optical density (OD) at 260 nm. Negative
controls were included in each RNA preparation (no cells
added to the extraction solution). First strand cDNA synthesis
was performed in a 20 ul reaction mix containing denatured
RNA (heating to 70°C for 5 min followed by fast cooling to
4°C), 1 x RT buffer (BRL, Bethesda, MD), | mm dNTP
(dATP, dCTP, dGTP and dTTP; Pharmacia), 5 ng/ul
random hexamer primer (pd(N)6; Pharmacia), 5 mm DTT
(BRL), 2 U/ul human placenta RNAse inhibitor (RNAguard;
Pharmacia) and 10 U/ul reverse transcriptase (Superscript;
BRL). The reaction was carried out at 42°C for 60 min. After
synthesis, samples were diluted to 0-01 pg/ul (based on the
RNA concentration) and stored at —70°C until the PCR
amplification.

PCR amplification and Southern hybridization
PCR amplification of cDNA was performed using oligonucleo-
tide primers specific for 3,-M (5 GAATGGCTATGTGTCT-
GGGT 3’ and 5 CATCTTCAAACCTCCATGATG 3)[38], T
cell receptor a constant chain (TCR Ca) [39], IFN-y (5’
TCTGCATCGTTTTGGGTTCTC 3’ and 5 TCAGCTTTTC-
GAAGTCATCTC 3') [40], TGF-31 (5 GCCCTGGACACC-
AACTATTGC 3' and ¥ GAAGTTGGCATGGTAGCCCTT
3') [41], IL-4 (5 CCTCTGTTCTTCCTGCTAGCA 3’ and 5
GCCGTTTCAGGAATCGGATCA 3') [42], IL-10 (5 ACA-
GCTCAGCACTGCTCTGT 3 and 5 AGTTCACATGCGC-
CTTGATG 3') [43] and IL-12 p40 (5 CAGCAGTTGGT-
CATCTCTTG 3’ and 5 CCAGCAGGTGAAACGTCCA 3')
[44]. cDNA (5 pl) was added to a reaction mixture with a final
concentration of: 1 x PCR buffer (Perkin-Elmer, Norwalk,
CT), 0-2 mm of each dNTP, 0-5 um of each primer and 0-025
U/ul Taq polymerase (AmpliTag; Perkin-Elmer). Primer—
dimer formation was avoided by incubating primers at 75°C
before initiation of the PCR reaction (‘hot start’). The reaction
mixture (final volume 20 pl) was overlayed with 20 ul mineral
oil. The PCR profile used was: denaturation at 94°C for 30 s,
annealing at 58°C for 60 s, and extension at 72°C for 60 s
(Hybaid OmniGene Thermal cycler, London, UK). Negative
controls (see above) were included in each experiment to ensure
that the reagents were free of contamination. The amplification
was run for 23-35 cycles (optimized for each primer pair).
The identity of the PCR products was confirmed by
Southern hybridization using internal sequence-specific oligo-
nucleotide probes: 3,-M (5 CATCAATCCGACATTGAAG-
TTGA 3), TCR Ca (5 CAGAATCCTTACTTTGTGACA
3"), IFN-vy (5 GCAGGTCATTCAGATGTAGCG 3'), TGF-

81 (5 GAGAAGAACTGCTGCGTGCGG 3'), IL-4 (5§ TCT-
GTGCACCGAGTTGACCGTA 3'), IL-10 (& CTGGGTCT-
TGGTTCTCAGCTT 3) and IL-12 p40 (5 CTGGCATCTCC-
CCTCGTGGC 3'). Probes were digoxigenin-labelled either by
3’ end labelling (Boehringer, Mannheim, Germany) or by direct
incorporation during oligonucleotide synthesis (British Bio-
technology, Abingdon, UK). Southern blotting and hybridiza-
tion were performed essentially as described previously [45].
Fifty pmol probe/ml hybridization solution were added to each
filter (2 ml/40 cm? filter) followed by incubation at 42°C for
16-20 h with agitation. After hybridization, the filters were
washed in 2 x SSC for 2 x 5 min. High stringency washings
were performed in 0-1 x SSC for 2 x 5 min at 5°C below the
melting temperature of the respective probe (35-47°C). Colour
development of blotted PCR fragment was performed using a
standardized protocol as described [45].

Quantification

PCR products (5 pl) were electrophoresed in agarose gels (1-5—
2%) at 6 V/cm for 25 min. After electrophoresis, the gels were
stained with ethidium bromide for 30 min, followed by washing
in water for 3 x 15 min. The gels were photographed in UV
light by a polaroid camera. Signal intensity was measured by
scanning photographs in an CCD-72 camera (DAGE-MTI,
Michigan City, IN) connected to a computerized image analysis
system (labview run time 2; National Instruments Corp.,
Austin, TX). Each PCR reaction contained a dilution series
of standard samples with a known amount of cDNA (PCR
products purified by ion exchange chromatography or plasmids
with inserted cDNA). To avoid systematic errors in the PCR
reaction, unknown samples and standard samples were added
to the reaction block in a randomized order. Standard curves
for each cytokine, 3,-M and TCR Ca were obtained by plotting
signal intensity (expressed as spot volume) against the log
number of ¢cDNA copies added to the PCR reaction (see
Fig. 1). Typically, the standard curves yielded a sigmoid
shape, reaching a plateau at high cDNA concentrations. The
standard curves were created individually for each PCR reac-
tion using a mathematical sigmoid curve fit program. The
number of cytokine cDNA copies in each sample was divided
by the number of 5,-M or TCR Ca copies (after correction for
dilution factors), giving a ratio of cytokine/3,-M or cytokine/
TCR Ca. 3,-M and TCR Ca functioned as markers for the
total amount of mRNA and T cell-derived mRNA, respec-
tively. To increase the accuracy of the measurement, mean
values of at least triplicate analyses were calculated.

IL-12 immunoassay

The concentration of secreted IL-12 heterodimer was analysed
using a specific immunoassay (R&D Systems, Minneapolis,
MN) in SF of 14 patients (nine early RA and five late RA) as
well as in serum of 15 patients (nine early RA and six late RA)
and seven healthy control individuals. A sigmoid shaped
standard curve was performed by simultaneously analysing a
dilution series of standard samples according to the manufac-
turer’s protocol. Mean values of duplicated measurements were
calculated. Samples below the detection limit for the assay were
regarded as negative and given the value 0.

Statistical analysis
Non-parametric statistical methods (two-tailed) were utilized

© 1996 Blackwell Science Ltd, Clinical and Experimental Immunology, 103:357-367
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Fig. 1. Amplification of serial dilutions of a known amount of target cDNA. Polymerase chain reaction (PCR) products were visualized by ethidium
bromide staining. Negative controls were included in each experiment (lane 0). Signal intensity was measured and plotted against the log number of
target cDNA copies added to the PCR reaction. The sigmoid shaped standard curve is shown below. (a) 8>-microglobulin (8,-M), amplified for 23
cycles, yielding a 256 bp fragment. (b) T cell receptor (TCR) Cq, 25 cycles, 593 bp. (¢) IFN-v, 28 cycles, 321 bp. (d) TGF-3, 26 cycles, 129 bp. (e) IL-

10, 30 cycles, 329 bp. (f) IL-12, 30 cycles, 420 bp.

for calculation of significance. The Mann-Whitney U-test was
used when comparing two populations (Fig. 2 and Table 3).
Wilcoxon signed rank test was employed for paired compari-
sons (Fig. 3). A x? test was used when evaluating frequency
measurements (Table 2 and Table 3).

RESULTS

Quantitative PCR assay
In order to analyse cytokine mRNA expression, a quantitative

RT-PCR assay was used. Since the level of mRNA expression
and the amplification efficiency of different primer pairs were
highly variable, the assay was individually optimized for each
transcript to be analysed. Theoretically, the PCR reaction
yields an exponential increase in target cDNA until the accu-
mulating PCR product limits the amplification efficiency. In
our assay system, this plateau phase was defined by amplifying
series of diluted samples with known amounts of the particular
c¢DNA. Unknown samples were carefully titrated (by dilution)
to give a signal corresponding to the growth phase of the

© 1996 Blackwell Science Ltd, Clinical and Experimental Immunology, 103:357-367
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Fig. 2. Cytokine mRNA expression in RA synovial fluid mononuclear cells (SFMC), RA peripheral blood (PB) MC and control PBMC (C). The RA
patient population was divided into early RA (@) and late RA (O). Arithmetic mean values are indicated by dashed lines. The groups of early and late
RA were combined in the statistical analysis (Mann—-Whitney U-test). P values are shown below each figure. (a) IFN-v/8,-microglobulin (3,-M)
ratio. (b) IFN-+/T cell receptor (TCR) Cu ratio. (¢) IL-10/3,-M ratio. (d) TGF-3/8,-M ratio. Due to shortage of material, one SFMC sample was
excluded from the TGF-g analysis. Three samples (one RA SFMC and two RA PBMC) were exluded from the calculation of IFN-y/TCR Ce ratio

due to weak TCR Cev expression.

standard curve (Fig. 1). Since signal intensity is dependent on
the number of amplification cycles, the number of cycles needed
for a detectable signal reflects the amount of target cDNA
present in the original sample. Typically, 3.-M was amplified
for 23 cycles, TCR Ca for 25 cycles, TGF- for 26 cycles, IFN-
~ for 28 ¢ycles, IL-10 and TL-12 for 30 cycles. By increasing the
number of cycles to 32, low abundant transcripts could be

Table 2. IL-12 mRNA expression. The number of samples with
detectable signal after 30 (++) or 32 cycles (+) is indicated

RA SFMC RA PBMC Control PBMC
(n=14) (n=21) n="7
++ 5 1 1
+ 9 5 3
- 0 15 3

Due to shortage of material, five samples were cxcluded (three RA
synovial fluid mononuclear cells (SFMC), one RA peripheral blood
(PB) MC and one control PBMC).

+-+, Detectable signal after 30 cycles; +, undetectable signal after 30
cycles, detectable signal after 32 cycles; —, undetectable signal after 32
cycles.

X2 test: RA SFMC versus RA PBMC, P < 0:001; RA SFMC versus
control PBMC, P = 0-03.

detected. Samples with no detectable signal after 32 cycles were
regarded as negative and given the value 0. The detection limit
of the IL-4 assay was further decreased by increasing the
number of cycles to 35,

The size of the amplified fragments corresponded to the
expected number of bases between the primers (see legend to
Fig. 1). The identity of the PCR products was further con-
firmed by Southern hybridization using sequence-specific
probes. PHA stimulation of PBMC functioned as a positive
control, demonstrating that cytokine mRNA production
induced by in vitro activation was casily detected in our assay

Table 3. Immunoassay analysis of 1L-12 in synovial fluid (SF) and
serum

No. of samples with detectable Mean =+ s.d.

IL-12/no. of samples analysed (pg/ml)
RA SF 10/14* 14 + 19t
RA serum 5/15 39+90
Control serum 277 1-'5+2-8

* 1% test: RA SF versus RA serum, P = 0-04; RA SF versus control
serum, P = 0-06.

t+ Mann—Whitney U-tcst: RA SF versus RA serum, P = 0-05; RA
SF versus control serum, P = 0-06.

© 1996 Blackwell Science Ltd, Clinical and Experimental Immunology, 103:357-367
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(Fig. 4). The levels of 3-M and TCR Ca mRNA were
unaffected by mitogen stimulation. Therefore, these transcripts
were selected as markers for constitutively expressed mRINA
and T cell-derived mRNA, respectively. The relative amount
of cytokine cDNA present in each sample was calculated by
dividing the number of cDNA copies by the number of 3,-M
c¢DNA copies. Since IFN-v is an important T cell-derived
cytokine, an additional ratio of IFN-y/TCR Ca& was
calculated.

Comparison of RA SFMC cytokine mRNA expression with
PBMC from patients and control individuals

Detectable levels of IFN-y mRNA were found in all SFMC
samples (17/17) as well as in most samples from PBMC (20/22
RA patients and 8/8 control individuals). Quantitative analysis
demonstrated a significantly increased IFN-v/3,-M ratio in RA
SFMC compared with RA PBMC, indicating that the local
synovial inflammation was associated with a specific increase in
IFN-y mRNA (Fig. 2a). In addition, the IFN-y/TCR Ca ratio
was increased in RA SFMC, suggesting that the IFN-v expres-
sion was not due to an increased number of T cells, but rather
to an elevated production by the SF T cell population (Fig. 2b).
Comparing synovial IFN-y mRNA expression with that from

control PBMC demonstrated a significantly increased IFN-+/

TCR Ca ratio in SFMC (P = 0-002), whereas the IFN-v/3,-M
ratio was not statistically different between the two groups
(P = 0-14). No significant difference was found between RA
PBMC and control PBMC.

IL-10 mRNA could be detected in all SFMC samples as
well as in most PBMC samples from patients (18/22) and
control individuals (6/8). The IL-10/3,-M ratio was signifi-

_cantly elevated in RA SFMC compared with RA PBMC and

control PBMC, indicating that the local synovial inflammation
was associated with a relative increase in IL-10 mRNA expres-
sion (Fig. 2c). Some RA patients demonstrated elevated levels
of IL-10 transcripts in PBMC, but the mean expression was not
different from that in control PBMC (P = 0-13).

Although TGF-8 mRNA was detected in all SFMC
samples analysed, the level of expression was not increased
compared with patient and control PBMC. Instead, a signifi-
cantly decreased TGF-8/3,-M ratio was observed in SFMC
relative to RA and control PBMC (Fig. 2d). However, the
absolute values of TGF-§ transcripts (expressed as cDNA
copies/ng added RNA) were not significantly different in
PBMC and SFMC. Therefore, we cannot exclude the pos-
sibility that the decreased ratio in SFMC was partly due to
increased (3,-M expression.

Since most samples from PB expressed low or undetectable
levels of TL-12 mRNA after 30 or 32 cycles, the PBMC

Fig. 3. Paired analysis of cytokine mRNA expression in synovial fluid
mononuclear cells (SFMC) and peripheral blood (PB) MC of RA
patients. The RA patient population was divided into early RA (@)
and late RA (O). Arithmetic mean values (dashed lines) and analysis of
significance were calculated on the combined groups of early and late
RA (Wilcoxon signed rank test). P values are shown below each figure.
(a) IFN-v/@;-microglobulin (3,-M) ratio. (b) IFN-y/T cell receptor
(TCR) Cu ratio. (c) IL-10/8,-M ratio. (d) TGF-3/3,-M ratio. Three
samples were exluded from the IFN-y/TCR Ca analysis and one
sample from the TGF-3 analysis (see legend to Fig. 2).

@© 1996 Blackwell Science Ltd, Clinical and Experimental lmmunology, 103:357-367
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Fig. 4. Comparison of cytokine expression in freshly isolated synovial fluid mononuclear cells (SFMC) with phytohaemagglutinin (PHA)-stimulated
peripheral blood (PB) MC from a healthy individual. Cells were cultured with (+) or without (~) PHA for 3 h and 6 h. The arithmetic mean values
for the SFMC samples are shown (M, early RA; [, late RA). Error bars indicate s.d. for the analysed population. (a) IFN-/3,-microglobulin (3,-M)

ratio. (b) TGF-53/8,-M ratio. (c) IL-10/532-M ratio. (d) IL-12/(2-M ratio.

expression of this cytokine could not be accurately quantified.
Therefore, a qualitative/semiquantitative evaluation was car-
ried out (Table 2). After 30 cycles of amplification detectable
signals were found in 5/14 RA SFMC but only in 1/21 RA
PBMC and 1/7 control PBMC. By increasing the number of
cycles to 32, all SFMC samples demonstrated detectable signals
(14/14), whereas signals were detectable in only 6/21 RA
PBMC samples and 4/7 conirol samples. x> analysis demon-
strated a statistically significantly higher proportion of detect-
able IL-12 transcripts in SFMC compared with patient and
control PBMC.

We were unable to detect IL-4 mRNA expression in any
sample from RA SFMC, RA PBMC or control PBMC, even
though the number of PCR cycles was increased to 35.
Although the detection limit for the [L-4 assay was further
decreased by subjecting the PCR products to the more sensitive
Southern hybridization, no signals were detected. Since the
positive control (in vitro stimulation by PHA) demonstrated
detectable signals, we cannot explain the results by an error in
the experimental system. The sensitivity of the IL-4 assay
(Southern hybridization after 35 cycles) was determined by
analysing standard samples with known amounts of IL-4

© 1996 Blackwell Science Ltd, Clinical and Experimental Immunology, 103:357-367
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¢DNA, yielding a detection limit down to a few cDNA copies
(data not shown). Thus, we conclude that the IL-4 mRNA
expression in our SFMC and PBMC samples was either
extremely low or absent.

Paired comparison of cytokine expression between RA SFMC
and PBMC

The gene transcription associated with the local synovitis was
further analysed by comparing cytokine expression in SFMC
with PBMC from the same patient (Fig. 3). Most patients
expressed higher levels of IFN-y and IL-10 mRNA in SFMC
than in PBMC, as shown by the ratios of IFN-v/5,-M (11 out
of 17 patients), IFN-v/TCR Ca (12 out of 14) and IL-10/6,-M
(15 out of 17), whereas the TGF-3/3,-M ratio was higher in
only six out of 16 patients. Similar to the unpaired comparisons
(Fig. 2), paired analysis demonstrated a significantly increased
expression of IFN-y and IL-10, but not of TGF-g in SFMC.
Patients with high TGF-g3 expression in PBMC tended to also
have high levels in SFMC, while patients with low expression in
PBMC were also low in SFMC. Thus, TGF-73 levels in SFMC
were apparently more influenced by systemic expression than
by that associated with local synovial inflammation.

Immunoassay of secreted IL-12 protein

Detectable levels of secreted IL-12 heterodimer were found in
the SF of most patients (10 out of 14), whereas only a few serum
samples were positive (five out of 15 patients and two out of
seven healthy control individuals) (Table 3). Comparing the
mean concentrations demonstrated significantly increased IL-
12 levels in the SF compared with patient and control serum.

Comparison of cytokine expression in early and late RA

The RA patient population was divided into those with early
disease (< 1 year duration) and long-standing RA (> 1 year).
A trend toward higher IFN-vy/3,-M and IFN-y/TCR Ca ratios
was found in SFMC of early RA, whereas the opposite was
found for the IL-10/3,-M and TGF-j3/3,-M ratios (Fig. 2).
However, the differences were not statistically significant. The
expression of IFN-v and IL-10 mRNA in PBMC was similar in
the two patient groups, whereas the TGF-3/3,-M ratio was
decreased in early RA compared with long-standing RA
(P = 0-02). We were not able to demonstrate a difference in
IL-12 expression between early and late RA, neither by mRNA
analysis of the p40 chain, nor by immunoassay of the secreted
heterodimer (data not shown).

Five early RA patients had a very high number of swollen
joints (10-17), indicating very active disease. This disease
activity parameter was, however, not correlated with increased
expression of any cytokine analysed in this study.

Comparison of RA SFMC cytokine mRNA expression with that
in PHA-stimulated PBMC

The level of cytokine mRNA expression induced by PHA
stimulation of PBMC from a healthy individual was quantified
(after 3 h and 6 h incubation) and compared with cytokine
mRNA expression in freshly isolated SFMC (Fig. 4). Similarly
to freshly isolated PBMC, in vitro cultures without PHA
expressed low or undetectable levels of IFN-, IL-10 and IL-
12, demonstrating that the in vitro cultures per se did not induce
cytokine expression. Addition of PHA induced a dramatic
increase in cytokine mRNA expression at both time points.

Substantial levels of TGF-3 transcripts were expressed in
cultured PBMC without PHA (Fig. 4c) as well as in freshly
isolated PBMC (Fig. 2d), indicating that TGF-3 is constitu-
tively produced in normal PBMC. TCR Ca and 3,-M were
expressed at high levels in unstimulated PBMC, and their
expression was not altered by PHA (data not shown). The
mean synovial IFN-y/3,-M ratio represented 27% (early RA)
and 20% (late RA) of the maximal PHA induction (3 h),
ranging from 3% to 79%. The corresponding numbers for
IL-10 were 6% (early) and 11% (late) of 6 h PHA stimulation,
ranging from 1% to 32%. The mean TGF-3 production
represented 7% (early) and 12% (late), ranging from 2% to
29%. The corresponding proportions for IL-12 were 1% (carly)
and 2% (late), ranging from 0-2% to 6%.

DISCUSSION

In the present study, gene transcripts of immunoregulatory
cytokines were measured in freshly isolated SFMC and PBMC
from RA patients. By using a quantitative RT-PCR assay, we
showed that local synovial inflammation is associated with
increased levels of IFN-v, IL-10 and IL-12 (p40) mRNA. The
finding of IFN-v expression in SFMC is controversial, since
previous studies have demonstrated only low levels of IFN-v
protein in SF of RA patients [15,22,32,33]. Conflicting data
have been reported regarding the presence of IFN-+ transcripts
in the rheumatoid joint. By using PCR amplification of purified
mRNA, Chen ez al. could not detect IFN-v in purified T cell
preparations from SF or ST [35], which is in concordance with
results by Firestein et al. obtained by in situ hybridization of ST
[16]. In contrast, Simon et a/. recently demonstrated IFN-v
expression in ST by using PCR and i situ hybridization [28].
By using the Northern blot assay, Buchan ef al. detected IFN-v
mRNA in freshly isolated SFMC and STMC from RA patients
[34]. The divergent results are possibly due to differences in the
sensitivity of the employed assays, of which PCR and in situ
hybridization are the most sensitive, but may also be explained
by differences in the selection of patients (e.g. disease activity,
duration and medication). In the present study, patients with
RA of early onset as well as patients with long standing disease
were included. None of the patients was taking disease-modify-
ing antirheumatic drugs at the time of sampling.

Our data demonstrated significantly increased IFN-v/TCR
Ca ratios in SFMC compared with patient and control PBMC,
indicating that the synovial T cell population expresses elevated
levels of IFN-y transcripts. Since T cells predominate in the
mononuclear fraction of SF and are preactivated in vivo
[30,31,46], we suggest that IFN-y is mainly produced by T
cells. However, we cannot exclude the possibility that a fraction
of the IFN-+ is derived from activated NK cells. The IFN-y/f3,-
M ratio was significantly increased in SFMC compared with
corresponding samples from PBMC, but not when compared
with control PBMC, possibly due to the extensive individual
variation in the patient and control populations. Several pre-
vious studies based on immunoassays have shown only low
levels of secreted IFN-y in SF of RA patients [15,22,32,33]. The
discrepancy between these data and our results of mRNA
expression may indicate that the secretion is post-transcription-
ally regulated, analogous to the recently reported post-
transcriptional defect in atopic dermatitis [47]. Since the IFN-
~ protein was not analysed in SF and serum samples obtained
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from the patients included in this study, we could not determine
whether the mRNA levels correlated with the production of
functional polypeptides. However, preliminary results of IFN-
~ secretion in another population of RA patients, using a novel
and highly sensitive immunoassay, have shown increased levels
of the secrcted protein in SF compared with levels found in
serum (A. Bucht and A. Gronberg, unpublished observation).
Therefore, we also consider the possibility that previously used
immunoassays might have underestimated the IFN-v concen-
tration in SF.

In addition to IFN-v, the expression of 1L-10 mRNA in
SFMC was increased compared with PBMC from patients and
control individuals. IL-10 mRNA and protcin expression has
previously been demonstrated in the synovial membrane [4,28].
Using a methodology similar to ours, Llorente et al. demon-
strated increased production of IL-10 mRNA in RA PBMC
compared with control PBMC {29]. Although some patients
included in the present study had increased expression of 1L-10
in PBMC, we were not able to demonstrate a statistically
significant difference between patients and control individuals.
The concordant over-expression of TFN-y and IL-10 in the
rheumatoid synovium is paradoxical, since TL-10 is known to
down-regulate IFN-v production in vitro, possibly by blocking
1L-12 synthesis in accessory cells [10,11]. Katsikis et al. demon-
strated that addition of exogenous IL-10 to RA synovial
membrane cultures decreased the levels of TNF-« and IL-1,
whereas the addition of neutralizing antibodies to IL-10
increased the secretion of TNF-a and IL-1, and to some
extent IFN-v, further demonstrating the immunoregulatory
role of IL-10 [4].

Similar to IL-10, IL-4 exerts anti-inflammatory properties
by inhibiting macrophage functions [48] and by down-
regulating TNF- and IL-1 production [5,6]. In addition, IL-
4 promotes differentiation and expansion of B cells and the
induction of Th2 cells (type 2 immune response) [8,9,42,49].
Although a highly sensitive assay was employed, we could not
detect IL-4 mRNA, neither in SFMC nor in PBMC of RA
patients. Our results therefore indicate that the synovial inflam-
mation is characterized by a predominant type 1 immunity
(strong cellular immune response), supporting previous find-
ings of detectable expression of IFN-vy but not IL-4 mRNA in
most synovial membranes from RA patients [28]. The expres-
sion of IFN-y may enhance the inflammatory cascade by
inducing macrophages to produce TNF-a. This scenario is
supported by the up-regulation of secreted TNF-o by IFN-~
and the correlation of TNF-a levels with IFN-vy levels in
rheumatoid SF [3,27].

Our finding that IL-12 p40 mRNA is present in rheumatoid
SFMC further argues for a type 1 immune response, since IL-12
is an important costimulatory factor for the production of
IFN-v by T and NK cells [10,11,44,50,51]. Recent data from
Ling et al. have shown that I11-12 mediates biological activity
only when the p40 subunit is associated with the p35 subunit
[52]. Therefore, we cannot from the mRNA data alone con-
clude that biologically active [L-12 is produced. However, we
have also demonstrated elevated levels of the IL-12 protein in
SF compared with the levels found in serum, further supporting
that the biological functional heterodimer is produced and
secreted in the rheumatoid joint.

To our knowledge this study represents the first compara-
tive analysis of TGF-3 mRNA levels in rheumatoid SFMC

with PBMC from patients and control individuals. TGF-#
protein and mRNA (31) have previously been detected in
rheumatoid ST and SF [16,24-26,53]. However, the transcrip-
tion of TGF-# is not limited to inflammatory reactions, but is
also found in normal unstimulated PB cells as shown by
Northern blot analysis [41] and our own data on PBMC from
healthy individuals. Although we detected high levels of TGF-g3
(51) transcripts in rheumatoid SFMC, the expression was lower
than in PBMC. Since TGF-7 is expressed as a pro-cytokine
which is processed after secretion, the mRNA expression may
not nccessarily reflect biologically active peptides [12]. TGF-g
is a pleitropic cytokine, exerting both pro-inflammatory and
immunosuppressive properties. Therefore, the net effect of
TGF-f production is difficult to establish [12]. Injection of
TGF-23 into the synovial cavily of rats induces hyperplasia and
recruitment of polymorphonuclear leucocytes [14]. However,
systemically administered TGF-3 protects against collagen
II arthritis in mice (CIA), whereas anti-TGF-3 antibodies
enhance CIA [13]. This implies that local production of
TGF-3 in the joint may under certain circumstances promote
inflammation, probably by chemotactic and fibrogenic effects,
but systemically produced TGF-3 exerts immunosuppressive
activity.

In order to study the cytokine profile in different temporal
phases of RA, the patient population was divided into RA
patients with early disease (< 1 year duration) and long
standing arthritis (> 1 year). No such comparison has to our
knowledge been performed in RA patients or in animal models
of arthritis. In experimental allergic encephalomyelitis, an
autoimmune model resembling multiple sclerosis, expression
of lymphotoxin (TNF-3) and IL-12 in the central nervous
system coincides with the first appearance of immunohisto-
chemically detectable inflammatory cells [54]. Production of
pro-inflammatory cytokines such as IFN-y and TNF-a is
associated with the peak of disease, whereas immunoregulatory
cytokines such as TGF-g3, IL-10 and possibly IL-4 are pro-
duced during recovery [54,55]. Although the pathogenic
mechanisms and the time course of an induced disease in
animals are different from those of a chronic inflammatory
disease in humans, it is of interest to compare the balance of
pro-inflammatory and immunosuppressive cytokines in differ-
ent temporal phases. From our data in RA patients, we could,
however, not provide evidence for a time-dependent cytokine
profile, although a tendency to higher IFN-v expression was
found in SF of early RA, whereas the opposite was found for
IL-10 and TGF-3.

In conclusion, the over-expression of IFN-+v and IL-12 but
undetectablc levels of IL-4 indicate a strong bias toward a
cellular immune response (type 1) in the rheumatoid SF. The
presence of TGF-3 and IL-10 indicates that the immunc
responsc is further modulated by additional regulatory cyto-
kines. The multifunctional properties of TGF-3 make it diffi-
cult to assess the role in the immune response. IL-10 is
primarily an immunosuppressive cytokine, inhibiting IFN-v,
IL-12 and TNF-a expression. Thus, in this context IL-10 would
counteract the inflammatory cascade.
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