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Abstract
Objecthte-Synovial inflamrnation in pa-
tients with rheumatoid arthritis (RA) is
characterised by the presence of large
numbers of highly activated monoclrtes
and macrophages. The importance of
these cells in the aethiopathogenesis and
prognosis of RA is increasingly recog-
nised. The obiect of this report is to deter-
mine whether monoc5rrtes and monoclrte
derived macrophages of RA patients pro-
duce increased cytokine rnRNA levels.
Methods-Monoclrte derived macro-
phages frorn RA patients and healthy con-
trols were cultured either in the absence
or presence of lipopolysaccharide. The
expression levels of the rnRNAs encoding
GAPDH, interleukin lP (L10),IL8, and o,
macroglobulin in these cells were analysed
by reverse transcriptase-pol5rmerase
chain reaction (RGPCR).
Results-Activated rnonocyte derived
macrophages from RA patients produce
significantly higher IL8 tnRNA levels than
activated macrophages from healthy con-
trols. By contrast, resting RA and control
macrophages produce sirnilar levels of IL8
mRNA. Culturing of activated macro-
phages in the presence of RA or control
sera has no effect on the expression levels
of IL8 mRNA. No significant differences
between RA and control rnacrophages
were observed in the expression levels of
ILlp and c, macroglobulin rnRNAs.
Conclusion-These data indicate that the
increased IL8 mRNA production capacity
of RA macrophages upon activation is an
intrinsic property of these cells, and is not
attributable to factors present in the
circulation. Based on these observations,
it is postulated that this innate h5per-
responsiveness of RA rnacrophages con-
tributes to the high IL8 levels present in
the synovial fluid of rheurnatoid ioints,
and is irnplicated in the chemotactic
gradient leading to the horning of leuco-
cytes to the ioints.
(Ann Rheum Dis 1999;58:648-652)

Rheumatoid arthriris (RA) is a common
systemic disease characterised by inflammation
of the synovial membrane of diarthrodial
joints. Although several risk factors have been
identified, the aetiology of RA is essentially
unclear. Macrophages and their products are
crucial to the inflammation and joint destruc-
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tion observed in RA.'The synovial membrane
of healthy joints is coared with a thin layer (lin-
ing) of resident macrophages. Experiments in
murine arthritis models have shown that
removal of the lining macrophages from the
joint prevents synoviris,2 indicating that these
macrophages are crucial for the onset of an
inflammatory response in the joint. Interest-
ingly, other lining tissues containing resident
macrophages, such as bursae, tendon sheaths,
pleura, and pericardium also are frequently
affected in RA. An early event in the pathogen-
esis of RA is the infiltration of the synovial
membrane by large numbers of highly acti-
vated macrophages.'o The degree of
monoc5rte/macrophage infiltration of rheuma-
toid joints has been reported to correlate with
both the acriviry of the disease and the
progression of joint destruction.5 Activated
macrophages produce proinflammatory cy-
tokines, such as tumour necrosis factor o.

(TNFo) and interleukin l0 (ILIF), which are
present in high concentrarion in the synovial
fluid and pannus of rheumatoid joints.6 Clini-
cal rials have shown rhat strategies directed
against TNFo and ILl result in significant
reduction of arthritis in RA patientsr, 8 which
emphasises the imporrant role of these macro-
phage derived cytokines in RA.

The macrophages present both in inflamed
and healthy joints are derived from bone mar-
row monocyte progenitors. Monocytes from
the circulation differenriate into macrophages
upon entering extravascular tissues, such as the
synovial membrane. Previously, it has been
shown that circulating monocytes from RA
patients express higher IL8 mRNA levels than
those from healthy people.'As RA synovial tis-
sue is enriched with large numbers of activated
macrophages, it was investigated whether the
overexpression of IL8 mRNA is preserved in
monocyte derived macrophages from RA
patients. Therefore, the expression levels of the
mRNAs encoding the chemokine ILS and the
cytokine ILlp (both of which are strongly
expressed in RA synovial membranes) were
evaluated in both resting and in activated macro-
phages. In addition, as the expression of IL8
and ILlp may be regulated by circulating
factors-including other cytokines, the effects
of RA and control sera on macrophage
maturation and activation were studied.

Methods
ISOI-ATION AND CUUTURING OF MONOCYTES
Peripheral blood was collected from l0 female
patienrs with esrablished RA (according to the
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duplicate using a GeneE thermal cycler
(Techne, Cambridge, UK) for various number
of cycles (30 seconds at 94oC, one minute at
60"C,45 seconds at72"C). The reaction prod-
ucts were analysed on polyacrylamide gels. The
following primer pairs were used: glyceralde-
hyde triphosphate dehydrogenase (GAPDH):
5'-GTGAGGAG-GGGAGATTCAG-3' and
5'-GCATCCTGGGCTACACTG-3' (prod-
uct size 305 bp, 20 PCR cycles); IL8:
5'-TCTTGCACAAATATTTGATGC-3' and
5'-CCACTGTGCCTTGGTTTC-3' (r92
bp, 24 cycles); ILI B: 5'-
GGATATGGAGCAACAAGTGG-3' and 5'-
ATGTACCAGTTGG-GGAACTG-3' (263
bp, 22 cycles); (t2 macroglobulin: 5'-
CAGCAGCAACCATGTCTTG-3' and 5'-
TGCAAACTCATCCGTCTCG-3' (147 bp,
22 cycles). The number of PCR cycles was kept
to a minimum to maintain a linear amplifica-
tion of the template.

QUANTIFICATION OF RT-PCR PRODUCTS AND
STATISTICAL ANALYSIS
RFPCR products were quanrified using a
phosphoimager (BioRad I-aboratories,
Veenendaal, the Netherlands). The cDNAs
used to compare cy'tokine gene expression in
RA and control macrophages were normalised
for the expression levels of the housekeeping
gene GAPDH. The expression levels were
related to the median expression level in the
control group, which was set to l. Statistical
analysis was performed using the Mann-
Whitney U test.

Results and Discussion
Monocytes cultured in the presence of l0%
human serum differentiared into macrophages
within seven days. Figure 1A shows that seven
day old macrophages from RA patienrs and
control subjects produced similar levels of o,
macroglobulin mRNA (indicative of fully
matured macrophages'3), which indicates that
the rate at which RA macrophages differentiate
is similar to that of control macrophages.
Analysis of the expression levels of ILlp and
IL8 mRNAs revealed no significant differences
between RA patients and controls (fig lA).
Next, we analysed whether RA monocyte
derived macrophages are prone to higher acti-
vation levels than control macrophages in
response to an external stimulus, such as LPS.
As figure I B shows, the expression levels of
ILIB and ILS mRNAs in activated macro-
phages varied considerably berween people.
However, no significant differences in ILlp
mRNA levels berween RA and control macro-
phages were detected. In contrast, the IL8
mRNA levels detected in macrophages from
RA patients after stimulation with LPS were
significantly higher than in controls (fig lB,
p<0.01, Mann-Vhitney U test). The median
IL8 mRNA expression level in monocyte
derived macrophages from RA patients was
approximately 3.5-fold higher than in conrrols.
Moreover, each of the RA macrophage prepa-
rations analysed showed a higher IL8 mRNA
level than the median of the IL8 mRNA
levels in control macrophages. Neither in

1987 ARA crireria'n), aged berween 4l and 59
years, disease activity scores" ranging between
1.6 up to 4.25, disease duration between 8 and
19 years (average 13 years). All patients were
treated with stable doses of merhorrexare (7.5
to 15 mg per week) and non-steroidal anti-
inflammatory drugs. None of the patients had
ever been treated with systemic corticosteroids.
The patient population was chosen to be rela-
tively homogeneous, in order to minimise vari-
ation because ofage, sex, and drugs. The con-
trol group consisred of l0 age matched healthy
women. To isolate monocytes, heparinised
patient blood was diluted l:1 with phosphate
buffered saline (PBS) containing 0.6% Na,-
citrate and layered over a Ficoll cushion. After
centrifugation, the interface containing periph-
eral blood mononuclear cells was collected and
washed twice with PBS. Further purificarion
was accomplished by allowing the monocyres
to adhere for 45 minutes to plastic culture
dishes in RPMI 1640 medium (with
glutamax-I, Dutch modification, GIBCO BRL
Life Technologies, Breda, rhe Nerherlands)
containing l0% pooled human serum. The
non-adherent lymphocytes were subsequently
removed by washing with PBS. Subsequently,
the monocytes (>90%) were cultured for seven
days in RPMI 1640 medium supplemented
with l0% pooled human serum) I mM
pyruvate and 50 pglml gentamicin (GIBCO
BRL). This is a well established method to
induce differentiation of monocyres into ma-
ture macrophages,'' which is accompanied by
dramatic morphological changes, and with
changes in the gene expression pattern, for
example, the induction of cathepsin B, MDC
and o,2 macroglobulin expression and the
suppression of c, antitrlpsin expression.'' Cells
were treated with l0 ng/ml lipopolysaccharide
(LPS, from E coli 011 l:B4, Sigma, St Louis,
USA) as indicated in the figure legends. To
minimise interassay variation, culturing was
performed using a single batch of serum
containing medium (except for the experiment
infig2 in which different sera were compared),
and a single batch of LPS.

SEMI-QUANTITATIVE RE\ERSE TRANSCRIPTASE
POLYMERASE CHAIN REACTION (RT-PCR)
ANALYSIS OF GENE EXPRESSION LEVELS
The adhering macrophages were washed with
PBS, and total RNA was isolated using Trizol-
reagent (GIBCO BRL) according to the
manufacturer's instructions. Synthesis of
cDNA was performed using 200 ng of total
RNA and 100 ng of the oligonucleotide
5'-TTTTTTTTTTTT'VN-3' in a reacrion
mixture containing 20 pM dNTPs and AMV
buffer (Boehringer Mannheim, Almere, the
Netherlands). The mixture was incubated for
five minutes at 65oC to melt the RNA, and l0
minutes at 37oC to allow the primer to anneal.
Subsequently, 2.5 U AMV reverse tran-
scriptase (Boehringer Mannheim) was added
and the incubation was continued for one hour
at 37"C. Semi-quantitative RT:PCR analysis
was performed using I pl of this mixture in a
15 pl PCR reaction mixrure as previously
described." PCR reactions were performed in
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indicate that circulating factors are not respon_
sible for the increased IL8 mRNA expreasion
levels observed in stimulated monocytederived
macrophages of RA patients. In addition, rhis
result further substantiates the notion that
drugs or drug related compounds presenr in
the serum of RA patients affected the results
presented in figure lB. Our results suggest thar
the IL8 mRNA hlper-responsiveness is an
intrinsic property of these cells. It may be
hypothesised that this properry is acquired in
the bone marrow, which is phenotypically
different in RA patienrs as shown by the
increased production rate of CDl4* cells.,u
This would also be in agreement with the
observation that RA bone marrow serum con-
tains high levels of IL8 prorein.,, Other possible
explanations are that RA monocytes are
primed in vivo by direct cell to cell inreractions
with other circulating cells or endothelial cells,
or thus far unidentified genetic factors. In this
study, a relatively homogeneous patient popu-
lation was studied (women, age 4l-59 years;,
to minimise variation because of age and sex.
Future experiments should show whether the
overexpression of IL8 mRNA in RA monocyte
derived macrophages is also present in men
and in patients of different age. Furthermore. it
will be of interest to analyse rhe expression lev-
els of other genes expressed in activated
macrophages that play an important part in rhe
pathogenesis of RA, such as TNFcr.

Macrophages are the predominant source of
IL8 in RA synovial tissue, and are probably the
main source of the high IL8 levels in RA syno-
vial fluid.'' IL8 is one of the major neutrophil
chemoattractants, and has been shown to be
responsible for the large numbers of neu-
trophils presenr in synovial fluid of RA
patients.re "' The results presented in this
reporr lead us to hypothesise that the innate
property of activated RA macrophages to pro_
duce increased levels of IL8 mRNA is a major
determinant of the chemotactic gradient for
neutrophils in the rheumatoid loints.
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