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Several reports have proposed the hypothesis
that synovial fibroblasts play a major role in the
crippling destruction of cartilage and bone in
the inflamed joints of patients with rheumatoid
arthritis (RA),la either autonomouslyl or in
concert with T cells and macrophages. 1-3 4a 5
RA synovial fibroblasts are a major com-
ponent of the invasive pannus,3 a vascular
and fibrous granulation tissue arising from
the joint recessus and extending onto the
surface of the cartilage.6 A number of studies
indicate that these fibroblasts are morpho-
logically altered'-4 7 and, in addition, highly
activated' 2 4a 8 9-phenotypic features that
have been interpreted either as signs of
irreversible cellular transformationl-4 7 or as
the result of strong, but reversible stimulation
originating from the surrounding inflammatory
microenvironment.2 4a 5

Activation of fibroblasts in vitro is known to
generate several functional responses, such as
production of matrix components,'0 soluble
mediators,"1 or enzymes' 2 4 8 11 that could
contribute significantly to joint pathology in
chronic RA in vivo. 1-4 811-15
The present paper discusses the in situ

characteristics and functional properties of
activated RA synovial fibroblasts in relation-
ship to the possible mechanisms of their
alteration, and to their potential role(s) in the
pathogenesis of the disease.

The in situ phenotype ofRA synovial
fibroblasts
Morphological analysis of the RA synovium
has demonstrated that fibroblasts in the lining
layer have abundant cytoplasm and a large,
pale nucleus with multiple prominent nucleoli,
reminiscent of some tumours.7

Several studies have indicated that RA
synovial fibroblasts express proto-oncogenes
and other transcription factors, such as c-fos,
jun-B, myc/c-myc, myb, ras, and the zinc
factor Z-225/egr-1.1 2 4 4a 8 9 These different
'immediate-early response' genes are rapidly
but transiently induced by a variety of
activating stimuli,'6 " and can be regarded as
markers of cell activation, regardless of
whether the final outcome is proliferation,
transformation, or secretion of cellular
products. 17

Protein, mRNA, or both, of the proto-
oncogenes c-fos, jun-B, and c-myc are
massively expressed in both lining layer and
diffuse infiltrates of the RA synovial mem-
brane,18 closely matching the distribution of
macrophages in these regions;'9 interestingly,
there is a clear gradient of expression from
the surface to the stroma of the synovial
membrane, with the latter showing sparse and
weak staining.4a
The nature of the cells positive for the proto-

oncogenes c-fos, jun-B, and c-myc has
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been identified both by exclusion, as they
do not express markers for macrophages
(CD14, CD68) or for T cells (CD3),4a 18
and by positive characterisation through
parallel, massive expression ofmRNA for a2 (I)
and o1 (III) collagens,4a or procollagen I
protein. 18

These findings indicate that fibroblasts are
virtually the only cell type within the RA
synovial membrane to undergo massive acti-
vation, although a lesser degree of activation of
T cells and macrophages cannot be excluded
because of limitations in the sensitivity of the
technique used. More importantly, the high
expression of proto-oncogenes in RA synovial
fibroblasts supports the hypothesis that these
cells may not be in their normal, baseline
functional status, but undergo pathological
stimulation, either paracrine or autocrine.
We found that the proto-oncogenes c-fos

and jun-B are also expressed in a small number
of fibroblasts in normal synovial membrane,
randomly distributed within the synovium,4a
conceivably reflecting baseline stimulation
linked to normal functioning of the joint. In
addition, proto-oncogenes are found in synovial
fibroblasts of the osteoarthritis synovial mem-
brane; as in RA, they are mostly expressed in
areas with inflammatory infiltration, although
the absolute number of positive cells is
considerably smaller.4a

Proliferation and programmed celi death
ofsynovial fibroblasts
There have been several attempts to assess
the proliferation rate of RA synovial cells,
in particular fibroblasts, using 3H-thymidine
incorporation or immunohistochemical detection
of proliferation-specific markers. 18 20-23 Most of
the studies agree that the proliferation rate in
RA synovial membrane is less than 5/o20-23 a
modest figure that could nevertheless be
compatible with gradual expansion of fibro-
blasts during the course of chronic RA. A study
on the expression of the proto-oncogene
c-myc, the proliferating cell nuclear antigen,
and the nucleolar organiser regions,'8 has
recently suggested that proliferation rates for
synovial fibroblasts exceed 17%. However, a
direct comparison of the expression of the
latter markers with that of the Ki-67 antigen,23
a marker that appears more specific for
proliferating cells,24 has confirmed the pre-
viously known figures (<50/o);2022 these are also
more compatible with the paucity of mitoses in
the tissue.20 More importantly, only 1% of
the fibroblast like cells positive for proto-
oncogenes are in parallel positive for the Ki-67
antigen,4a indicating that, in situ, most of the
activated RA synovial fibroblasts are not
proliferating.
Another factor that may influence the degree

of expansion of synovial fibroblasts in RA is
their rate of programmed cell death; this may
be in fact relatively low, as only lining cells in
the RA synovial membrane, but not in the
osteoarthritis synovial membrane, express
the bcl-2 gene, capable of suppressing
programmed cell death.25 This mechanism,

however, appears to be counteracted by over-
expression on RA synovial fluid cells of the
Apo-1/Fas antigen, which can promote
programmed cell death.26
On the basis of the above findings it is

possible that disruption of the delicate balance
between cell proliferation, however low, and
cell death contributes to synovial hyperplasia.

Contribution ofsynovial fibroblasts to
joint pathology
HUMAN RA

Several proteolytic enzymes of the metallo-,
cysteine, and serine protease classes have been
implicated in the destruction of cartilage in the
RA inflamed joint,27 and identified in situ in
the lining layer' 4 12-15 28-31 or directly at the
cartilage-pannus junction. 1 28-31 The presence
of uncommon fragments of the large
aggregating cartilage protein (aggrecan) in the
RA synovial fluid suggests that yet other, so far
unknown proteases, may also participate in
joint destruction in RA.32
Most of the enzymes found in fibroblasts are

distributed in the RA synovial membrane in a
pattern that grossly coincides with that of fibro-
blasts positive for proto-oncogenes 4 4a 12-15 28-31

-that is, strong expression in the lining layer
and much weaker signal in the underlying
stroma. This coincidence appears compatible
with the hypothesis that activated fibroblasts
produce large quantities of the above enzymes,
thereby promoting tissue degradation.

In vitro, RA synovial fibroblasts produce
several proteolytic enzymes' 2 4 8 11 27 31 33-35

after exposure to various activating stimuli2 33-35
such as interleukin-1 (IL-1 ),2 34 tumour
necrosis factor a (TNFa)34 and platelet derived
growth factor (PDGF).35 Interestingly, these
cytokines are distributed within the RA
synovium in a pattern similar to that of Jun-B
and c-Fos protein,4a 35-38 and to that of matrix
degrading enzymes. 4 la 12-15 2831

In parallel with Jun-B and c-Fos, RA fibro-
blast like cells express massive amounts of
mRNA for a2 (I) and al (III) collagens.4a As
the Jun/Fos heterodimer AP-1 can induce
transcription of the genes for these types of
collagens,39 activated RA synovial fibroblasts
may produce excessive amounts of collagens,
thereby contributing to interstitial fibrosis,
another pathological feature of longstanding
1RA 19

ANIMAL MODELS
Direct evidence for involvement of synovial
fibroblasts in joint destruction derives from
several animal models.
Subcutaneous injection into nude Balb/c

mice of a single cell suspension ofRA synovial
cells, whether or not deprived of non-adherent
lymphoid cells in culture, leads to the
formation of a persisting pannus like tissue in
vivo; cells enzymatically released from this
tissue are capable ofproducing collagenase and
prostaglandin E2-properties analogous to
those of fibroblast like cells from the RA
synovial membrane.40
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In mice transgenic for the human proto-
oncogene c-fos, induction of antigen induced
arthritis is accompanied by a severe synovitis,
in which infiltration of fibroblast like cells
predominates, while lymphocytes appear to be
absent.41

Grafting of synovial tissue explants from RA
patients into the knee joint of severe combined
immunodeficiency disease (SCID).bg mice,
which lack functional T, B, and natural killer
cells, leads to formation of a mixed mouse/
human pannus and to erosion of cartilage and
bone;42 this is not observed after implantation
of control tissues, such as normal human
synovial membrane or thymus. Interestingly,
intra-articular injections of RA peripheral
blood mononuclear cells, synovial mono-
nuclear cells, or even T cell lines reactive to
mouse or rat type II collagen, fail to induce
pannus tissue in the mouse knee joint.42

In a similar model, human RA synovial
tissue and normal human cartilage have been
coimplanted under the renal capsule of SCID
mice.43 Only the implantation of RA synovial
tissue, not that of normal synovial membrane,
induces erosion of the adjacent cartilage;
also in this case, fibroblast like cells appear
to be predominant at the cartilage-pannus
junction.43 The use of virtually pure RA
synovial fibroblasts embedded in gel foam,
instead of whole synovial tissue, also results in
erosion of the cartilage within 48 days; control
implantation with human skin fibroblasts, in
contrast, does not induce any erosion."
Interestingly also in this model, there does not
seem to occur any infiltration of murine T and
B cells, or even macrophages.44

All these observations combine to indicate
that RA synovial fibroblasts are theoretically
capable of inducing destruction of cartilage
and bone without the influence of inflam-
matory cells. However, definite conclusions
should be drawn with caution, as host B cells45
and potentially functional macrophages46 may
potentiate the aggressive character of the
implanted RA synovial fibroblasts by pro-
ducing immunoglobulins,45 or releasing species
cross reactive cytokines.

Conclusions
Altered cellular morphology and massive
expression of proto-oncogenes by fibroblast
like cells in the hyperplastic RA synovial
membrane have been regarded as an indication
for a tumour like transformation of these
cells.1-4 7-9 However, reversible morphological
changes of fibroblasts, which may represent the
counterpart of those observed in situ in the RA
synovial membrane, have also been observed
in vitro, both upon activation with inflam-
matory mediators47 and after transfection with
the c-fos proto-oncogene.48 Moreover, proto-
oncogenes do not unequivocally characterise
tumoural cells, as they are non-specific
signalling molecules common to a variety of
(patho)physiological processes in the cell,'7 as
demonstrated in this particular case by their
expression in normal synovial membrane and
in osteoarthritis,4a an unquestionably non-

tumoural joint alteration. More importantly,
the in situ expression ofproto-oncogenes in RA
synovial fibroblasts does not appear to reflect
cell proliferation,4a thereby rendering unlikely
the hypothesis of a tumour like transformation,
at least in the sense of a highly proliferative
malignant neoplasm.

Activated fibroblasts in the RA synovial
membrane have a rather close spatial relation-
ship with surrounding inflammatory cells and
their mediators, especially macrophages,
as they are distributed in a gradient fashion
from the lining layer to the stroma.4a This
observation supports the hypothesis that the
activation of fibroblasts may result from
reversible but sustained paracrine stimulation
originating from the neighbouring inflam-
matory milieu.34 49 50 Potential mediators for
such 'cross talk', such as IL-1, TNFa, and
PDGF, are in turn abundantly and most
closely available in the lining layer, or in the
synovial fluid ofRA joints.35-38
The induction of cartilage erosion by

grafting of RA synovial tissue or fibroblasts in
SCID mice4214 indicates that these cells may
play a primary, potentially exclusive role in the
development of arthritis. Therefore, it cannot
be excluded that limited molecular trans-
formation of the fibroblasts, reflected by
massive expression of proto-oncogenes, is
transferred to the host and consecutively main-
tained by reciprocal cooperation with host
inflammatory cells.45 46

Future studies should clarify whether the
activation of RA synovial fibroblasts is an
irreversible or reversible feature, addressing the
question whether these cells are 'initiators' or
'perpetuators'3 of the RA disorder. As most
investigations are carried out on samples
derived from longstanding RA, complementary
analysis of samples from early RA5'-54 will
perhaps give clearer indications as to the
genuine role of this cell type in the patho-
genesis ofhuman RA.
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Oxygen radicals, nitric oxide and human
inflammatory joint disease

Barry Halliwell

Interest in the role of free radicals in
rheumatoid arthritis (RA) stems from the
seminal work of McCord,' who noted the
decreased viscosity of synovial fluid in RA
patients and showed that a similar decrease
could be produced by exposing synovial fluid,
or solutions of hyaluronic acid, to a system
generating superoxide radical, 02-. McCord's
observations led to interest in the use of intra-
articular injections of the antioxidant enzyme
superoxide dismutase as a treatment in RA.
However, the clinical data presented did not
convince many rheumatologists2 3 and over-
enthusiastic interpretations of the data may
have led to unwarranted scepticism about the
real role of free radicals in RA. Let us review
our current knowledge.

Basic definitions
Electrons in atoms and molecules occupy
regions of space termed orbitals, each of which
holds a maximum of two electrons. A free
radical is any species capable of independent
existence that contains one or more unpaired
electrons-that is, electrons alone in an orbital.
Table 1 gives examples.

Radicals react with other molecules in a
number of ways.4 If two radicals meet, they
can combine their unpaired electrons and
join to form a covalent bond (a shared pair
of electrons). An important example is the
fast reaction of 02- with nitric oxide (also a
free radical, NO') to form the non-radical
peroxynitrite:5

O2-- +NO- ONOO- (1)
A free radical might donate its unpaired

electron to another molecule. Thus °2- reduces
ferric (Fe3") cytochrome c to ferrous (Fe2+ )
cytochrome c, a reaction often used to assay
02- production by activated phagocytes:6

cyt c (Fe3+) + 02-- ' cyt c (Fe2+) + 02 (2)

A free radical might take an electron from
another molecule, thus oxidising it. For
example, 02 oxidises ascorbic acid, a process
believed to occur in RA:7

ascorbate + 02 + H+- ascorbate radical
+ H202 (3)

Left to itself, 02- undergoes the dismutation
reaction:

02*- + 02-- +2H+ - H202 +02 (4)

Hydrogen peroxide, H2 02, is not a free
radical (no unpaired electrons are present).
The global term reactive oxygen species is often
used to include the oxygen radicals (02- and

OH") and important non-radical derivatives of
oxygen such as H202 and hypochlorous acid
(HOCI).

Reactive oxygen species in vivo
The chemical reactivity of oxygen radicals
varies (table 1). The most reactive is hydroxyl
radical (OH"), which reacts very fast with
almost all molecules in vivo. When OH" is
formed, it damages whatever it is generated
next to; it cannot migrate within the cell.4

NITRIC OXIDE

Whereas OH is probably always harmful,
other (less reactive) free radicals may be useful
in vivo. For example, NO is synthesised from
L-arginine by many cell types, including
chondrocytes.8 However, although human
phagocytes can make NO,9 it is not yet clear
how often they do so in vivo; much of the work
with NO has investigated rats and mice, both
of which species have phagocytes that make
NO much more readily.

SUPEROXIDE

Superoxide is produced by phagocytes as a
killing mechanism.6 Lesser amounts of extra-
cellular O2* may be generated, perhaps as an
intercellular signal molecule, by several other
cell types, including vascular endothelial cells,
osteoclasts, chondrocytes, lymphocytes, and
fibroblasts.""'3 For example, treatment of
human fibroblasts with RA synovial fluid
causes 02- secretion. 3

In addition to this 'deliberate' 02 -genera-
tion, some 02-- iS produced within cells by
mitochondria and endoplasmic reticulum,
apparently by the unavoidable 'leakage' of
electrons onto oxygen from their correct paths
in electron transfer chains and by chemical
'autoxidation' reactions.4

HYPOCHLOROUS ACID

Another killing mechanism used by neutro-
phils (but not macrophages) is the enzyme
myeloperoxidase,14 which uses H202 to oxidise
chloride ions into hypochlorous acid (HOCI), a
powerful oxidising and chlorinating agent:

H202 +Cl-- HOCI + OH- (5)

Superoxide-nitric oxide interactions
What happens if both 02- and NO are
produced at the same site, for example by

Pharmacology Group,
King's College,
University ofLondon,
London SW3 6LX,
United Kingdom
B Halliwell
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Table 1 Examples offree radicals

Name Formula Comments

Hydrogen atom *H. The simplest free radical known.
Trichloromethyl CC13 A carbon centred radical (the unpaired electron resides

on carbon). CC3l is formed during metabolism of
carbon tetrachloride (CC14) in the liver and
contributes to the toxic effects of this solvent.

Superoxide 02- An oxygen centred radical. Reacts quickly with a few
molecules (such as nitric oxide) but generally not very
reactive.

Hydroxyl OH An oxygen centred radical. The most highly reactive
oxygen radical known. When generated in vivo, reacts
at its site of formation.

Thiyl RS' General name for a group of radicals with an unpaired
electron residing on sulphur. Reactivity varies; often
react with oxygen to give damaging oxysulphur
radicals.

Peroxyl, alkoxyl RO2., RO Oxygen centred radicals formed during the breakdown of
organic peroxides.

Oxides of nitrogen NO, NO2. Both are free radicals. NO is formed in vivo from the
amino acid L-arginine. N02 is made when NO reacts
with oxygen, and is found in polluted air and smoke
from burning organic materials, such as cigarette
smoke.

*A superscript dot is used to denote free radical species.

activated macrophages, or when neutrophils
adhering to endothelium (a source of NO0)
generate 02"-? One possibility is that 02-
and NO antagonise each other's bio-
logical actions. Inappropriate antagonism of
NO, by excess 02-, has been suggested
to contribute to impaired endothelium
mediated vasodilatation, for example in
hypertension. 15
The interaction of 02- and NO can also

be dangerous.5 The product, peroxynitrite
(equation (2)) is not only directly toxic, for
example by oxidising methionine and protein
-SH groups, but also it breaks down to
generate multiple toxic products (figure), in-
cluding nitrogen dioxide gas (NO2'), OH' and
nitronium ion (NO24).5 16 Some of these
species will nitrate aromatic amino acids, so
that formation of nitroaromatics (especially
nitrotyrosine) is thought to be a 'marker' of
peroxynitrite generation.5 17

0; + NO

ONOO- Peroxynitrite

H+

ONOOH Peroxynitrous acid

NO- NO+

Nitrate ion Nitronium
ion

NO. Nitrogen dioxide
2 radical

OH- 'OH Hydroxyl radical
Formation and decomposition ofperoxynitrite.

Transition metals and hydrogen peroxide
Many transition metals have variable oxidation
numbers: for example iron as Fe2+ or Fe3+, and
copper as Cu+ or Cu24. Changing between
these oxidation states transfers single electrons,
for example:

Fe3+ + e-= Fe2+

Also, for titanium salts:

Ti4+ + e-= Ti3+

(6)

(7)
Thus transition metal ions are good

promoters of free radical reactions. For
example, copper, iron and titanium ions react
with H202 to form OH" radicals:4

Cu4+ H202- Cu2+ +OH' + OH- (8)

Ti3+ + H202 -_ Ti4+ + OH + OH- (9)

H202 is produced in vivo by dismutation of
O2- and by several oxidase enzymes, including
xanthine oxidase.4 Like 02', H202 can be
useful in vivo; for example, it is a substrate for
a thyroid peroxidase enzyme that helps make
thyroid hormones."8 It can also regulate gene
expression, for example by activating the
cytoplasmic gene transcription factor NF-KB.'9
H202 is very diffusible within and between
cells,4 but if it comes into contact with
transition metal ions, OH will be generated at
that site and cause immediate damage.

Antioxidant defences
ENZYMES
Living organisms have evolved multiple
antioxidant defence systems. Superoxide
dismutase (SOD) enzymes remove 02'- by
accelerating its dismutation by about four
orders of magnitude. Human cells have an
SOD enzyme containing active site manganese
(MnSOD) in mitochondria, whereas cytosol
contains a copper and zinc containing SOD
(CuZnSOD).4 H202 can be destroyed by
catalases, but the most important H2 02
removing enzymes in human cells are gluta-
thione peroxidases, which remove H202 by using
it to oxidise reduced glutathione (GSH) to
oxidised glutathione (GSSG):

2GSH + H202- GSSG + 2H20 (10)

METAL ION SEQUESTRATION
Another important antioxidant defence is that
iron and copper ions are kept safely protein
bound whenever possible, so that OH
formation is largely prevented. This is
particularly important in extracellular fluids,
including synovial fluid, because their levels of
antioxidant defence enzymes are low.7 20 21
The value of this sequestration of metal ions

is illustrated by an inspection of the severe
pathology suffered by patients with metal
overload diseases. For example, in patients
with iron overload secondary to idiopathic
haemochromatosis, transferrin is iron satu-
rated and iron ions 'catalytic' for free radical
reactions circulate in the blood.22 Among many
other problems, these patients can suffer joint
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inflammation,23 illustrating the well known
relationship between chronic inflammation
and disordered iron metabolism.24

CI-TOCOPHEROL
This fat soluble vitamin functions as a chain
breaking antioxidant in membranes and
lipoproteins.25 When peroxyl radicals are
generated during lipid peroxidation (table 1),
they abstract hydrogen preferentially from the
phenolic -OH group of tocopherol:

-CO2- +TOH---CO2H+TO' (11)
This stops peroxyl radicals from attacking an
adjacent fatty acid side chain or protein and
terminates the chain reaction, hence the name
chain breaking antioxidant. The oa-tocopherol
radical, tocopherol-O, is poorly reactive and
is widely believed to migrate to the surface
of membranes or lipoproteins for conversion
back to a-tocopherol by reaction with ascorbic
acid.

REPAIR SYSTEMS
The antioxidant defences of the human body
are not 100% efficient, so that some free
radical damage occurs in the human body
and repair systems are needed. Thus cells
have enzymes that can repair oxidised
DNA, degrade free radical damaged proteins,
and remove lipid hydroperoxides from
membranes.4

Oxidative stress
Oxidative stress is said to result when reactive
oxygen species are generated in excess in the
human body.26 This can occur if antioxidant
concentrations are too low (severe mal-
nutrition, for example, can deplete levels of
a-tocopherol and vitamin C) or if free radical
formation is increased-for example by the
action of certain toxins.4

Cells can tolerate mild oxidative stress, and
often respond to it by increased synthesis of
antioxidant defence enzymes and other protec-
tive proteins. However, severe oxidative stress
can cause cell injury or even death; oxidative
damage to DNA, proteins and lipids can
damage or destroy cells. Cell death induced by
oxidative stress can occur by necrosis or apop-
tosis.27 Oxidative stress causes increased intra-
cellular free Ca2" 28 and may release intracellular
iron to catalyse OH' generation.29

Reactive oxygen species in RA
GENERAL PRINCIPLES
What is the role played by reactive oxygen
species in human disease? Some diseases may
be caused by oxidative stress, for example the
sequelae of overexposure to ionising radiation4
and the neurodegeneration produced by
chronic a-tocopherol deficiency.30
For most human diseases, however, the

oxidative stress is secondary to the primary
disease process.29 For example, tissue injury
recruits and activates neutrophils, which

produce 02'-, H202, HOCI, and possibly NO';
in excess, these cause damage. Tissue injury
releases iron and copper ions and haem
proteins (haemoglobin and myoglobin), both
catalytic for free radical reactions, from their
normal intracellular storage sites;4 29 it also
disrupts electron transport chains in mito-
chondria and endoplasmic reticulum, so that
more electrons leak to oxygen to form 02'- 31

For such secondary oxidative stress, the key
question is 'does it contribute significantly to
disease pathology?'

THE CASE OF RA

Following the work of McCord,' I showed that
hyaluronic acid depolymerisation by 02*-
generating systems in vitro is caused by iron
dependent formation of OH' from 02- and
H202. 32 The hydroxyl radical causes random
fragmentation of hyaluronate, eventually
producing oligosaccharides.33 How could OH'
arise in the RA joint? 'Catalytic' copper ions
were not detected in fresh synovial fluid,34 but
'catalytic' iron can be measured by the
bleomycin assay in about 40% of synovial
fluids aspirated from inflamed RA knee
joints,35 and this iron has been directly
demonstrated to stimulate lipid peroxidation.36
In addition, aspiration of synovial fluid from
some RA patients into a solution of phenyl-
alanine produces a pattern of hydroxylation
products characteristic of OH' attack upon the
aromatic ring,37 suggesting that constituents of
RA synovial fluid can lead to OH' formation.
The catalytic iron could arise by release from

dead cells, by H202 mediated degradation of
haemoglobin38 (released by traumatic micro-
bleeding in the joint), or by the action of 02'-
on synovial fluid ferritin.39 Release of iron upon
exposure of synovial fluid to 02'-, especially at
acidic pH, has been demonstrated.40 The chem-
ical pattern of damage to hyaluronate in RA
synovial fluids (as demonstrated using nuclear
magnetic resonance33) is consistent with OH'
attack, though hyaluronate may additionally be
secreted as abnormally short chains in RA.4'

Reaction of 02' with NO" is another
potential source of OH', as the synthesis not
only of 02'- but also of NO' 42 appears to be
increased in RA patients. Demonstration of the
presence of nitrotyrosines in patients with
active RA43 is consistent with formation of
peroxynitrite (equation (1)) in vivo.5
A third source of OH' is reaction of 02'

with HOC1,44 both produced by activated
phagocytes:

02- + HOCI - 2 + OH- + Cl- (12)

SOURCES OF OXYGEN DERIVED SPECIES IN RA

The most discussed source is activated
phagocytes. Activated neutrophils liberate
02'-, H202, elastase, HOCI, and eicosanoids,
and synovial fluid IgG aggregates may activate
neutrophils.45 Hypochlorous acid and 02-
both react with ascorbate, which may help to
explain the low levels of ascorbate in RA body
fluids.7 46 Hypochlorous acid inactivates
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a5-antiproteinase, an important inhibitor of
serpins (such as elastase), and the amount of
active al-antiproteinase is decreased in RA;47
HOCI also fragments collagen.48 The pannus
contains many macrophage-like cells, pre-
sumably secreting 02*- H202 49 and, possibly,
NO' (it is not yet clear if neutrophils or macro-
phages in the RA joint make NO").

It has also been proposed that the inflamed
rheumatoid joint, upon movement and rest,
undergoes a hypoxia-reperfusion cycle, which
may result in free radical generation by several
mechanisms.50 It is interesting to note that one
of these mechanisms is xanthine oxidase,51 52
relating back nicely to the original work of
McCord.'

DRUG-DERIVED RADICALS
A few anti-inflammatory drugs may scavenge
reactive oxygen species in vivo, but this ability
is not widespread.53 Indeed, the reverse can be
true: several drugs used in the treatment ofRA
might themselves be converted into free
radicals in vivo. Thus they could suppress the
signs of RA whilst aggravating oxidative
damage. For example, radicals derived from
penicillamine, phenylbutazone, some fenamic
acids, and the aminosalicylate component of
sulphasalazine, might inactivate a1-anti-
proteinase, deplete ascorbic acid and acceler-
ate lipid peroxidation.5355

Consequences of oxidative stress in RA
There is no doubt that oxidative stress occurs
in RA patients (table 2).51-71 Lunec et a167 have
argued that oxidative damage to IgG generates
protein aggregates that can activate neutrophils
and set up a 'vicious cycle' of free radical
production.
Does oxidative stress contribute to cartilage

and bone destruction in RA? The answer is

Table 2 Evidence consistent with oxidative stress in rheumatoid disease

Observation Reference Comment

Increased lipid peroxidation 56 Decreased a-tocopherol (per unit lipid) in
products in serum and synovial fluid57 is consistent with increased
synovial fluid lipid peroxidation, as are reports of 'foam cells'

containing oxidised low density lipoprotein in
rheumatoid synovium"8 and increased levels of
4-hydroxy-2-nonenal, a cytotoxic product
generated by the decomposition of lipid
peroxides, in RA.59

Depletion of ascorbate in See text Presumably results from oxidation of ascorbate
serum and synovial fluid during its antioxidant action. Activated

neutrophils also take up oxidised ascorbate
rapidly.60

Increased exhalation of 61 A putative endproduct of lipid peroxidation,4
pentane although its validity as an assay is debated.62

Increased concentrations of 63 Products measured appear to be endproducts of
uric acid oxidation free radical attack upon uric acid.
products

Formation of 2,3-dihydroxy- 65 2,3-DHB appears to be a product of attack of
benzoate (2,3-DHB) from OH' upon salicylate in patients taking
salicylate in increased aspirin.'6
amounts

Degradation of hyaluronic - See text.
acid by free radical
mechanisms

Formation of 'fluorescent' 67,68 Fluorescence probably caused by oxidative
proteins damage to amino acid residues in proteins.

Increased steady state levels 69,70 80HdG is a major product of oxidative damage
(in cellular DNA) and to DNA.4
increased urinary excretion
of 8-hydroxy-deoxyguano-
sine (8OHdG)

Increased levels of 'protein 71 Protein carbonyls are an endproduct of oxidative
carbonyls' in synovial fluid damage to proteins.

unclear. Hydroxyl radicals degrade isolated
proteoglycans' 32 33 and HOC1 fragments
collagen,48 but their effects on intact cartilage
are probably limited. However, H202 is very
diffusible and inhibits cartilage proteoglycan
synthesis,72 for example by interfering with
ATP synthesis.73 Indeed, intra-articular in-
jection of H2 02 generating systems causes
severe joint damage in animals.74 Hence
inhibition of cartilage repair systems could
aggravate the effects of proteolytic and free
radical mediated cartilage degradation. HOC1
can also activate latent forms of neutrophil
collagenases and gelatinase, though the extent
to which this happens in vivo is uncertain.75
Chondrocytes are damaged by H202,76 and it
has been suggested that low concentrations
of H2 02, 02' , or both, accelerate bone
resorption by osteoclasts,77 78 whereas NO'
inhibits it.79 In addition, ascorbate is essential
for cartilage function80 and the low concen-
trations found in RA synovial fluid might
impair cartilage metabolism. The current
interest in the role of tumour necrosis factor ct
(TNFot) in RA8' may relate to observations
that TNFot causes oxidative stress.82 83

In summary, we do not as yet know the exact
contribution made by reactive oxygen species
to joint damage in RA. The development of
improved assays of oxidative damage that
are applicable to humans29 should help to
address this point and allow a rational selection
of antioxidants for possible therapeutic
application.84
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Synovial membrane cellularity and vascularity

Oliver FitzGerald, Barry Bresnihan

Studies of the synovial membrane in joint
inflammation, over many years, have proven of
mixed benefit: while it is rarely of diagnostic
value, clues to understanding the mechanisms
involved both in the initiation and main-
tenance of the inflammatory response have
been uncovered. While the path to under-
standing is fraught with difficulty, progress is
slowly being made and, it is hoped, will lead
in turn to novel and better treatment
approaches. This review of synovial membrane
cellularity and vascularity will describe our
current understanding of the pathways to joint
damage.

vascularity is seen, depending on the type of
membrane surface.
The cartilage-pannus junction, important in

the development of joint erosion, has also been
studied carefully in normal samples. Allard
et al analysed the cellular composition both of
the cells adjacent to bone and of the cells
contained in the layer of tissue which extends
over and merges with the cartilage, lining the
joint cavity.7 Adjacent to bone, the cells stain
predominantly with the monocyte/macrophage
marker 63D3; in contrast, those cells lining the
joint cavity express the monoclonal antibody
67, thought to be a marker for material
surrounding type B synoviocytes.8

Normal celiularity and vascularity
Normal synovial tissue is characterised by a
surface layer of cells, or intima, below which is
a loose connective tissue which contains fibro-
blasts, macrophages, adipocytes, mast cells,
nerve fibres, vascular endothelial cells, and
occasional polymorphs and lymphocytes.' The
intima contains two or possibly three cell types.
Type A cells are of bone marrow origin and
conform to the ultrastructural criteria for
monocyte derived macrophages. They express
macrophage markers including CD68 and
CD 14 and also stain with non-specific
esterase.2 Type B cells are fibroblastic in type
and can be distinguished cytochemically and
immunochemically from fibroblasts deeper in
the tissues. Being involved in collagen
synthesis, they express the ,B subunit of the
enzyme prolyl hydroxylase.3 They are distinct
in terms of their ability to express uridine
diphosphoglucose dehydrogenase (UDPGD)
which is an important enzyme involved in
hyaluronan synthesis-a specialised synovial
membrane function.3 The constitutive
expression of vascular cell adhesion molecule
(VCAM)-1 by type B synoviocytes is also an
important distinguishing feature not shared by
fibroblastic cells elsewhere in the synovial
membrane.4 The exact function of this
VCAM- 1 expression remains a matter of
speculation, but it suggests a role in trapping
cells within the lining layer. The third type of
intimal cell is dendritic in type, accounts for
< 1% of the total, is CD68 negative but
expresses the class II related marker, RFDIL.

Studies on synovial vascularity date back to
1743, when Hunter described the plexus of
vessels which supplied the synovial membrane
and which he called the circulus articuli
vasculosus. A more recent detailed study of
normal synovial membrane has highlighted the
high frequency of capillaries, with a peak
density just below the lining layer between 6
and 11 ,um deep.6 Considerable variation in

Synovial membrane in early rheumatoid
arthritis
Most of the studies of rheumatoid arthritis
(RA) synovial membrane have been performed
on samples obtained from patients with long
established disease, largely at arthroplasty.
There have only been a few studies in early
disease, when samples are more likely to reflect
factors important in disease initiation rather
than those contributing to chronicity.
Schumacher and Kitridou described 24
patients with synovitis of recent onset, six of
whom developed RA.9 They described variable
(< 10 cells in depth) lining cell proliferation
with largely a perivascular lymphocytic
infiltration. There were prominent vascular
changes, but no lymphoid follicles and only
occasional polymorphs were observed. The
intensity of the inflammation did not appear to
correlate with the disease duration. Lindblad
et al also studied arthroscopic biopsies from a
small number of RA patients with disease
duration between nine months and five years.'0
Again, lining layer thickening was observed,
with cells positive for both OKM1 and OKT9,
suggestive ofmacrophage infiltration and acute
proliferation. The sublining cells were largely
of the helper T lymphocyte phenotype and
focal aggregates of B cells were also seen.
More recent studies from our own group of

11 RA patients with a mean disease duration
of 22 months have quantified the cellular
infiltrate." Again, variable lining layer thick-
ening was seen (mean 4 cells in depth;
range 2-32). In the sublining, 10 of the 11
patients had a diffuse mononuclear infiltrate
comprising predominantly CD 14 macro-
phages and CD5 T lymphocytes, with roughly
equal numbers of CD4 and CD8 cells. Small
numbers of B cells and plasma cells were also
seen. Thus lining layer thickening, vascular
proliferation and a diffuse sublining infiltrate
made up of macrophages, T lymphocytes,
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more CD4 than CD8, and a small number of
B cells, appear to be typical features of the
involved synovial membrane in early RA.
The examination of synovial membrane

obtained from clinically uninvolved joints is
another approach to exploring changes early in
the disease. The clinically uninvolved joint is
histologically involved, though there is less
lining layer hyperplasia and fewer mononuclear
cells infiltrate the sublining compared with the
involved joint.'2 In a further study, a vascular
proliferation index and a high endothelial
venule (HEV)-index were calculated both in
the clinically involved and clinically uninvolved
RA samples, in addition to postmortem
controls.'3 Of interest, vascular proliferation
was not a feature of the uninvolved joint, and
HEV-type vessels, readily seen in actively
inflamed joints, were also not observed. This
suggests that vascular changes, which may
determine the rate of mononuclear trafficking,
are important in the clinical expression of joint
inflammation in early RA.

Adhesion molecule expression in RA
The receptor-ligand pairs important in the
control of mononuclear trafficking into the
synovial membrane have been the subject of a
number of recent studies.'1'6 The important
adhesion molecules expressed on the endo-
thelium include E-selectin, which plays a
role in the initial margination and rolling of
leucocytes, and both intracellular adhesion
molecule-i (ICAM-1) and VCAM-1, which
are involved in leucocyte adhesion and
penetration through the endothelial junctions.
Studies ofRA synovial membrane by our group
and others have shown E-selectin expression to
be vessel specific, the majority of vessels
staining positive, particularly in the superficial
synovial membrane.'7 ICAM-1 expression
is not vessel specific, cells in the lining and
within the mononuclear infiltrates also
staining positive. Perhaps surprisingly, vascular
VCAM- 1 expression is either minimal or
absent, depending on the monoclonal antibody
used. VCAM-1 is found in the lining, as it is
in normal individuals, and occasional dendritic
type cells within the infiltrates also stain
positive.

In a recent study of biopsies taken from
patients with actively inflamed joints (nine
seropositive RA, three psoriatic arthritis, one
ankylosing spondylitis), correlations were
sought between the expression of adhesion
molecules in the synovial membrane, measures
of disease activity, and concentrations of
soluble adhesion molecules in both sera and
synovial fluid.'8 19 A consistent positive
correlation was identified between ICAM- 1
concentrations in serum, synovial fluid,
synovial membrane, and measures of disease
activity (Ritchie articular index, erythrocyte
sedimentation rate (ESR)), but this was
not seen with VCAM-1 or E-selectin.'8 How-
ever, a consistent negative relationship was
identified between ICAM-1 and E-selectin
expression in these patients.'9 As serum levels
of soluble E-selectin were greater in patients

with a shorter duration of disease, it may be
that E-selectin expression is more upregulated
in early disease, ICAM-1 then correlating with
the intensity of the inflammatory response.

Synovial membrane in established RA
Most studies of RA synovial membrane have
been performed on samples obtained at joint
arthroplasty. While the immunohistological
findings in established disease are not dis-
similar from those seen earlier on, the mono-
nuclear infiltrate is focal in about 70%,
compared with about 10% ofbiopsy samples.20
Duke et al described four different patterns of
infiltrate: scattered/diffuse, perivascular, lym-
phoid follicles and germinal centres.2'
Kurosaka and Ziff went on to study the infil-
trates in more detail, and described lympho-
cyte rich areas where most cells stained positive
for OKT4, and more peripheral transitional
areas containing plasma cells, macrophages,
and both OKT4 positive and OKT8 positive
lymphocytes.22 More recently, Yanni et al
analysed lymphoid infiltrates of different sizes
and found that the composition of each aggre-
gate depended on the total number of mono-
nuclear cells it contained:23 large aggregates
contained a substantial number of B cells and
cells bearing the CD45RA phenotype; in
contrast, small aggregates contained few B cells
and relatively larger numbers ofT cells bearing
CD8 and CD45RO.

Lining layer thickening is also a prominent
feature of established RA. Considerable
controversy exists as to whether this thickening
is a result of macrophage recruitment or of
synoviocyte proliferation. In favour of recruit-
ment, mitotic cells are rarely seen, and staining
for the proliferation marker Ki-67 is not
observed in RA synovial membrane.24 In
addition, lining layer cells express a wide range
of macrophage antigens, and after lethal
irradiation and heterologous bone marrow
transplantation, the synovial macrophages are
replaced by cells of bone marrow donor

2 25strain. In favour of proliferation, some
3H-thymidine incorporation of synovial lining
cells in RA is seen, and lining layer thickening
without mononuclear infiltration occasionally
observed.26 In a recent study, Qu et al further
addressed this question by examining synovial
membrane samples for three markers of
cell proliferation: proliferating cell nuclear
antigen, C-myc proto-oncogene, and nucleolar
organiser regions.26 All three markers indicated
that there was active proliferation in the
synovial lining ofRA patients. Double labelling
experiments indicated that the proliferating
cells were fibroblastic in type, as they were
type I procollagen positive and CD68 negative.
Thus lining layer thickening is likely to be the
result of a combination of macrophage
recruitment and fibroblast like synoviocyte
proliferation.
The central role of the T cell in the initiation

and maintenance of the inflammatory response
in RA has often been stressed.2" It is of interest,
though, that T cell products such as interferon
gamma and interleukin-2 (IL-2) are difficult to
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find in RA synovial fluid and membrane, and
that gene expression for these lymphokines is
also sparse. In contrast, monocyte/macrophage
derived products are plentiful in RA synovial
membrane with cells, mostly of macrophage
origin, staining positive with antibodies against
IL-la, tumour necrosis factor (TNF) a,
TNF,B, and IL-6, in addition to both the type
1 IL-1 receptor (IL-iRI) and the TNF recep-
tors (p55TNF-R and p75TNF-R).2"32 While
IL-1 receptor antagonist (IL-Ira) expression is
also seen, it has been suggested that insufficient
amounts are produced by RA synovial
membrane to neutralise IL-I activity.3" Finally,
in vitro production ofcytokines IL- 1 [ and IL-6
by RA synovial membrane explants was
compared in two groups of arthroplasty
samples, those with focal and those with diffuse
infiltrates.20 Focal infiltrates occur more
frequently in arthroplasty samples, and both
IL-i1[ and IL-6 production was significantly
enhanced in those with focal disease. This
suggests that lymphoid follicle formation is
associated with enhanced IL- 1 [ and IL-6
production, which in turn leads to greater
synthesis of the proteases involved in joint
destruction.

Cartilage-pannus junction in established
RA
Two main histological patterns at the cartilage-
pannus junction have been recognised in
established RA.33 These patterns are based on
the presence or absence of a transitional fibro-
blastic zone overlying the cartilage and
separating the cartilage from pannus which
contains macrophages, fibroblasts, and endo-
thelial cells. This transitional fibroblastic zone
stains positively for keratin sulphate and type
II collagen, suggesting that it is of chondrocytic
origin. In a further study, Allard et al examined
the association between cartilage-pannus
junction pattern, joint involved, cartilage
degradation (proteoglycan depletion and chon-
drocyte necrosis), and radiological appear-
ance.34 The transitional zone occurred more
commonly in the hip and knee compared with
the metatarsophalangeal joint. When the zone
was absent and a distinct, well defined
cartilage-pannus junction was present,
cartilage degradation appeared to be enhanced
and joint erosion more common. Thus it was
suggested that these different cartilage-pannus
junction patterns may explain the predomi-
nance of erosive change in small joints,
compared with joint space narrowing found in
large joints in RA.
The cytokine profile of the cartilage-pannus

junction has also been studied in these two
histological patterns.35 In those samples in
which a distinct junction was seen, there was
plentiful IL-ia, IL-1,[, TNFa, and IL-6, in
addition to both IL-iR1, p55TNF-R and
p75TNF-R.3' 32 3 In contrast, these cytokines
and receptors were not seen in samples which
contained the transitional fibroblastic zone.
Transforming growth factor [3, which is
thought to inhibit the immune response and to
promote tissue repair, is also found at the

cartilage-pannus junction and elsewhere in the
synovial membrane, and it appears to be the
dominant cytokine in samples containing a
transitional fibroblastic zone. Finally, IL-ira,
seen in 35% of lining cells in RA, is seen in
< 10% of cells at the cartilage-pannus
junction.3' Particularly in samples of invasive
cartilage-pannus junction, there appears to be
a predominance of proinflammatory cytokines
capable of promoting release of factors
involved in joint destruction.

Follow up studies ofRA synovial
membrane and effects oftreatment
It has long been recognised that certain joints
may deteriorate radiologically even in the
absence of clinical inflammation. Follow up
studies in RA have confirmed that radiological
deterioration occurs despite significant
improvement in parameters of disease

36activity. In a study of patients for 40 months
after total lymphoid irradiation, a significant
and sustained decrease in peripheral blood T
cell numbers was observed, accompanied by a
continued, gradual radiological deterioration.37
Rooney et al compared synovial membrane
immunohistological features with the clinical
outcome of disease over a one year period.38 In
those patients in whom there was a measurable
clinical improvement, there was a reduction in
spontaneous in vitro IgM rheumatoid factor
production, a decrease in the intensity of the
T cell infiltrate, and reductions in the T helper
cell to T suppressor cell ratio and the number
of samples that contained B cells. These obser-
vations were consistent with the suggestion
that some of the immunopathogenic events in
RA may be arrested or reversed by treatment.
A more recent study has sought correlations

between clinical and radiological outcome over
one year and synovial membrane features
obtained before treatment in RA patients.'2
While a significant correlation was observed
between the number of macrophages and the
degree of joint erosion, there was none with
infiltrating T or B lymphocyte populations. In
addition, the number of synovial tissue macro-
phages correlated with lining layer cellularity,
which in turn correlated with synovial fluid
concentrations of IL-6. These findings suggest
that synovial tissue macrophages are critical in
the pathogenesis of joint erosion, which is
perhaps mediated through release of cytokines
such as IL-6.
Mulherin et al have examined the same

question in a prospective study of 58 RA
patients followed over a mean of 6- 1
years.36 39 40 In that study, all clinical measures
of disease activity improved, while the mean
Larsen score deteriorated significantly. Syno-
vial membrane was obtained at review from 28
patients and analysis showed that sublining
layer CD14 counts and lining layer thickness
correlated with both the percentage change
and the final Larsen scores. Additional
correlations were seen between lining layer
CD68 count and final Larsen score, sublining
CD 14 count and both lining layer thickness
and lining layer CD14 counts, and between
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lining CD68 count and both sublining CD68
count and lining layer CD14 count. While no
correlation was found between T cells or T cell
subsets and radiological outcome, these con-
sistent positive correlations underscore the
important role of the macrophage in articular
damage.

Current treatment strategies in RA involve
the use of a number of drugs which are
considered to modify the course of the disease.
These drugs do appear to modify indices of
disease activity, but support for their ability to
alter the radiological outcome has not been
convincing. In addition, only a few studies have
examined the effects of these agents on the
synovial membrane. Corkill et al examined
synovial membrane biopsy samples after two
and 12 weeks of treatment with intramuscular
gold.4' Interestingly, the number of vessels
expressing E-selectin was significantly reduced
after two and 12 weeks. As IL- 1,B expression
was also shown to decrease, the reduction in
E-selectin expression could have been due to
this decrease in IL-13p.42
The mechanism of action of methotrexate

was also examined in a recent serial synovial
membrane biopsy study of eight patients who
were beginning oral therapy.43 All patients
noted a clinical improvement, with a reduction
in ESR and a variable though slight reduction
in synovial membrane inflammation. Given the
importance of macrophages and metallo-
proteinases in joint destruction, collagenase
gene expression was significantly decreased
after methotrexate therapy. Tissue inhibitor of
metalloproteinase- 1 and stromelysin gene
expression were not changed. As methotrexate
did not alter the in vitro collagenase gene
expression by IL- 1,8 stimulated fibroblast like
synoviocytes, it was suggested that its effects
in vivo are probably the result of an alteration
in synovial membrane cytokine profiles.

Synovial membrane in psoriatic ardritis
Certain clinical features in patients with
psoriatic arthritis (PsA) are helpful in diag-
nosis: the presence of psoriasis, an asymmetric
joint distribution, nail dystrophy, distal
interphalangeal joint involvement and dactyl-
itis. Radiological features are also different and
help distinguish the disease from RA; in
particular the presence of bone proliferation is
common in PsA.44 The immunohistological
features of PsA synovial membrane have
recently been described and quantified.'7
Compared with RA controls, there was
significantly less lining layer hyperplasia, fewer
macrophages and a greater number of blood
vessels in PsA synovial membrane. In addition,
E-selectin expression was less intense in PsA
synovial membrane, while there was no differ-
ence in expression of ICAM-1 and VCAM-1.
Numbers ofT cells, T cell subsets and B cells
were similar in both groups. With these
findings, it is tempting to suggest that with the
reduction in E-selectin, fewer macrophages
traffic into the synovial membrane and out to
the lining layer. It may also be suggested that
the reduction in macrophage numbers and

lining layer thickness in PsA explains the
different radiographic features observed.

Sunmnary
Both inflammation and destruction of the joint
are the hallmarks of RA. While the con-
ventional model of RA suggests that synovial
inflammation is T cell mediated and that this
in turn stimulates lining layer thickening and
pannus formation leading to joint damage,
Zvaifler and Firestein have recently postulated
an alternative model of joint destruction.45 In
this model they suggest that synoviocyte
proliferation, pannus formation and inflam-
mation comprise an autonomous process
independent of T cell derived factors. In
support of their suggestion, they point out that
the RA synoviocyte expresses features of a
transformed phenotype: evidence of active
proliferation, ability to invade cartilage, the
expression of oncogenes, and the secretion
of metalloproteinases. In addition, T cell
products and lymphokine gene expression are
not a prominent feature in RA, animal models
of arthritis have shown that joint damage can
occur in the absence of lymphocytic infil-
tration, and T cell targetted therapies have
largely been disappointing.

Studies reported in this review lend support
to the suggestion that mechanisms of joint
inflammation and destruction operate at least
in a semi-autonomous fashion. With the treat-
ments currently available, clinical features of
joint inflammation in RA improve and yet joint
damage worsens. A consistent relationship is
seen between radiological deterioration and
synovial membrane macrophage infiltration
and lining layer thickening. In PsA, a disease
with different radiological features compared
with RA, there is a reduction in macrophage
numbers and in lining layer thickening. The
macrophage, lining layer cells and their
products clearly play a role in joint destruction,
and current treatment strategies do not appear
to affect this process. The treatments do
modify inflammation which is mediated both
by cells in the lining and by the sublining
infiltrate, but new approaches are needed
which are aimed at altering the more
destructive potential of the disease.
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Synovial irritants: crystals, microbes and others-
their implications for diagnosis, pathogenesis and

therapy

H Ralph Schumacher Jr

Having accepted the above title for a catchy
lecture subject, I proceeded to focus on a
variety of visible factors that could be
pathogenic in joints by lodging or precipitating
in the synovium. These offer the possibility for
ready diagnosis even in a routine pathology
laboratory, though techniques not yet widely
available can also expand diagnosis of such
irritants. In addition, examination of how
irritants may localise and cause disease
provides an important opportunity to examine
pathogenetic mechanisms and thus some new
possible directions to be investigated for
therapeutic approaches. Several structures and
properties in synovial tissue appear to be
important in localisation of potential patho-
gens and irritants to the joint.
At least some crystals seem most likely to

precipitate in synovium in the matrix. Crystals
and debris released from cartilage can also be
sequestered in synovium; these are often seen
in synovial lining cell and deeper cell vacuoles.
The prominent microvasculature of syno-

vium may be important in emigration of
bacteria and other microbes into the joint.'
Circulating organisms, particles, and immune
aggregates escape alone through venules, or
can be carried into the synovium in phagocytic
cells. Matrix molecules may influence sites of
sequestration.

Less commonly, microbes or other irritants
penetrate joints through overt or occult
wounds. Foreign bodies may remain in
synovium and produce intermittent arthritis.
Prosthetic wear particles can produce
chronic synovitis that contributes to implant
loosening. Necrosis of joint tissues can provide
endogenous irritants. Lipids and fatty acids
released from fat in synovium can cause joint
inflammation.

Elimination or prevention of some of these
broadly defined irritants offers a potentially
more direct way of controlling joint disease
than treatment of the complex responses that
they elicit.

Medical Research
Service,
VA Medical Center,
University and
Woodland Avenue,
Philadelphia,
PA 19104, USA
H R Schumacher

Crystals
DIAGNOSIS

Although it should be possible, in general, to
diagnose crystal associated diseases from
careful examination of the synovial fluid (SF),
there continue to be situations in which the
diagnosis is first established at evaluation ofthe
synovium removed at surgery or arthroscopy.
Rarely, this is because crystals were not present
in joint fluid because all crystalline material

was sequestered deep in the matrix of
synovium or cartilage; much more often, fluid
was not aspirated or examined. When episodes
of arthritis have occurred, we virtually always
find at least a few crystals in SF.
Tophaceous deposits of monosodium urate

(MSU) in gout are best seen in frozen sections
or in tissue processed with alcohol fixation.
Urate crystals are water soluble and one can be
left with only a tophus like site from which
crystals have been dissolved; such sites have
occasionally been confused with rheumatoid
nodules. It is important to ascertain that
crystals are clearly associated with cells and
some reaction in the synovium. Bear in mind
that a variety of artefacts can be birefringent.
Deposits of calcium pyrophosphate dihydrate
(CPPD) also can precipitate primarily in the
synovium in tophus like aggregates. CPPD is
not water soluble, but the crystals can be lost
if the biopsy is decalcified. The amount of
CPPD in the deposits is often small and can
be ignored unless under specific consideration.
Apatites and oxalate are the other crystals
documented in synovial deposits. More studies
are required on how these deposit; most often
we have found them relatively superficially,
as if they have been sequestered there after
release perhaps from cartilage or other
sites into the synovium. Apatites are not
birefringent, but can be suspected if one sees
haematoxyphilic clumps, further supported by
calcium stains such as alizarin red, and
confirmed by electron microscopy with the
help of elemetal analysis.2

PATHOGENESIS

At least two aspects of pathogenesis are of
investigative interest in considering crystals in
the synovium: mechanisms of development
and localisation to the synovium, and mechan-
isms of production of synovial inflammation
and joint damage.
MSU crystals deposit in a variety of

connective tissues, including synovium; they
appear to precipitate in the matrix in the
presence of supersaturation of serum and
tissue fluid with urate. Some local factors must
be involved. The most common hypothesis is
that some local change, perhaps related to loss
of proteoglycans, eliminates an inhibitory
factor and influences their localisation.
Antecedent joint disease may favour their
deposition in gout, but we have also found
synovial microtophi during the first clinically
detected attacks of gout. Concentration ofIgG

516

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.54.6.501-a on 1 June 1995. D
ow

nloaded from
 

http://ard.bmj.com/


Synovial irritants: implications for diagnosis, pathogenesis and therapy

has been noted in synovial tophi.3 Connective
tissue is perfused with IgG;4 its apparent
concentration in tophi, however, is still
incompletely explained. IgG coating the
crystals may increase the inflammatory re-
sponse to crystals when they are released into
the joint space where they can readily attract
polymorphonuclear leucocytes.5 In synovium,
crystals in tophi seem to induce a more chronic
giant cell containing response around the
tophi, and are usually asymptomatic while in
the tophi.
CPPD crystals can also deposit initially in

synovium in addition to cartilage. Our studies
have suggested that most, if not all, primary
deposits ofCPPD are in areas of chondrometa-
plasia, with the smallest crystals lined up along
degenerated collagen fibres.6 CPPD (and
urates) can also be collected back in the
synovium after bouts of synovitis. These tend
to be in mononuclear phagocytes.

THERAPY

Treatment of gout with urate depleting agents
provides the best proof that removal of the
irritant from the joint space can be curative.
Complete elimination of MSU may require
smaller concentrations of serum uric acid
(about 5 mg/dl) and longer durations than
previously considered. Methods are not avail-
able to eliminate most other crystals. In renal
dialysis patients with hyperphosphataemia
causing apatites to deposit, decreasing the phos-
phate concentrations can resorb all apatite.

Infectious agents
DIAGNOSIS
For some time it has been recognised that
many joint infections are present and per-
petuated primarily in the synovium, rather
than the SF, and thus are more readily
diagnosed if synovial tissue is cultured or
examined microscopically.7 This is most
common with mycobacterial and fungal
infections. We have one experience in which
gonococci were easily cultured from synovium
when SF cultures had been negative. How
often this explains culture negative gonococcal
arthritis is not known. In unexplained
monarthritis or oligoarthritis, we generally
send synovial biopsy specimens for culture,
and perform histological examination looking
for granulomas or other clues to infection,
tissue gram stains, acid fast stains, and Grocott
stains for fungi. Possibly much more important
is growing evidence that some agents which
elude cultures and staining by light microscopy
can be identified as likely causes of arthritis
with the newer techniques of electron micro-
scopy, immunohistology, immuno electron
microscopy, polymerase chain reactions
(PCR), molecular hybridisation and in situ
hybridisation. Generally acceptable examples
of such organisms are the Borrelia of Lyme
disease,8 and Chlamydia in Reiter's syndrome
and other 'reactive' or unclassified arthritis.
With Chlamydia, the presence of chlamydial
ribosomal RNA9 and electron microscope

evidence of intact elementary and reticulate
bodies has led us and others to speculate that
the organism is present in a viable, although
perhaps latent, form. We have also found Urea-
plasma using PCR in a patient with hypo-
gammaglobulinaemia in whom cultures were
negative.

In some other situations, evidence for
infectious agent antigens can be found in the
joint while there is as yet no evidence that
whole organisms persist. This is currently the
case with Yersinia, Salmonella, and Shigella in
reactive arthritis. In some psoriatic arthritis we
have found synovial peptidoglycan antigen,
presumably of bacterial origin, using immuno
electron microscopy. Continued searches for
infectious material are needed in all the
unexplained diseases. Electron microscopic
demonstration of tubuloreticular structures in
vascular endothelial and mononuclear cells
may suggest a viral trigger. These tubulo-
reticular structures are known to be present in
systemic lupus erythematosus and dermato-
myositis, are generally related to production of
interferon gamma, and are also common in
HIV, other virus infections, and some
malignancies.10

PATHOGENESIS

Infectious agents probably produce disease in
joints by a wide variety of mechanisms
including direct effects on invaded cells, toxins,
and possibly the immune response that they
elicit. The nature of the synovitis is influenced
by the properties of the organism and its route
of entry into the synovium. Although some
organisms enter via penetration from the skin
or invasion from bone, most arrive at the joint
via the circulation: the synovium is a richly
vascular tissue. There has been some evidence
for years that bacteria and other circulating
particles preferentially localise to joints. As
with crystals, joints previously involved with
some other disease are more likely to be
infected. Some infectious agents may be
carried to synovium in emigrating macro-
phages; endothelial adhesion molecules may be
important in their localisation.

Matrix molecules seem likely to be involved
as influences on sites of sequestration. Recent
studies suggest that Borrelia and Chlamydia can
persist in viable but relatively inactive forms
resistant to clearance, in deep synovial macro-
phages and fibrocytes. Chlamydia may be
poorly expressing their major outer membrane
protein and other surface markers and thus
elude immune surveillance." After latent
periods, they seem to be able to produce new
cycles of infectious elementary bodies and
become symptomatic again.

TREATMENT
In most classical infections, antibiotic treat-
ment and adequate drainage or debridement
can be successful in eliminating the irritant and
providing a cure for the synovitis. Resistant
forms of some mycobacteria can be a concern.
Recent evidence suggests that Borrelia and
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Chiamydia may be especially difficult to
eradicate. Although Finnish and German
studies have shown shortening of episodes of
Chlamydia associated 'reactive arthritis' with
tetracycline,'2 our own experience is that
organisms (and disease) can persist even after
aggressive antibiotic treatment. Perhaps the
ideal antichlamydial agents remain unavail-
able, though azithromycin deserves further use.
Perhaps, also, problems lie in a genetically
determined cellular ability to kill the
organisms.
Very similar chronic inapparent infection in

Lyme synovitis has recently been suggested by
PCR studies showing persistent borrelial DNA
in inflamed joints, even after antibiotics. If
persistent infection is suspected, it seems wise
to avoid immunosuppressive treatments that
may exacerbate the problem of clearing the
organisms. Some 'post infectious' synovitis
seems to be caused by an immune response to
lipopolysaccharide and other residual matter
from dead organisms. Although this may last
for months, resolution generally does occur.

Other irritants
DIAGNOSIS
Careful microscope evaluation of the synovial
membrane can identify some other less
common but potentially important irritants.
Foreign bodies penetrating through the skin
usually are cleared from the synovial fluid into
the synovium. A high index of suspicion may
be needed to detect the dark, non-birefringent
particles of lead from a bullet, or the very
brightly birefringent irregular fragments from
sea urchin spines. An intact plant thorn or even
small splinters are usually identified by the
plant cell structure. Foreign bodies tend to be
phagocytised and surrounded by a giant cell
containing reaction.'3 Foreign materials in the
synovium can also come from deliberately
implanted materials such as joint replace-
ments. Grainy metal particles can be incon-
spicuous but easily detected by electron
microscopy with elemental analysis. Poly-
methyl methacrylate can be seen; polyethylene
droplets are birefringent and may actually be
the most persistent and important wear
particles. Silicone from spacers can produce a
dramatic giant cell response. Interestingly,
though arthritis does occur in some patients
with leakage from silicone breast implants, we
have not found evidence of silicone in the
synovium.

Necrotic components of normal synovium
can occasionally be identified as a cause of
arthritis. Smudgy necrosis of synovial fat can
be seen as a cause of release of necrotic lipid
into the joint space in patients with pancreatic
disease and increased concentrations of
lipase. 4

PATHOGENESIS
Investigation of the mechanisms by which
foreign bodies and wear particles produce
disease is an important area for study, as these

agents seem to be possibly more prominent
and persistent in the synovium than in joint
fluid. Lectins from plant thorns could be
considered as stimulants for the surrounding
immune cells. Wear particles are phagocytised
and lead to release of cytokines such as tumour
necrosis factor (TNF) and of prostaglandin E,
which may be important in osteolysis and
loosening of implants. Size and surface
properties of particles influence how wear frag-
ments are handled.

TREATMENT

Isolated foreign bodies can be removed, but the
massive numbers of small wear particles seen
after joint implants are much more prob-
lematic. One therapeutic strategy is to develop
biomaterials that do not wear, or that produce
particles of either extremely small or larger size
that are less biologically active. Surface
properties might also be manipulated to
decrease or alter binding of proteins which, as
with crystals, may accentuate inflammation.
Drug therapy requires consideration: some of
our preliminary work suggests that non-
steroidal anti-inflammatory drugs used for
symptomatic treatment can increase TNF
production and potentially increase implant
loosening. An experimental system has
indicated that this may be blocked by
misoprostol.'5
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Therapeutic modulation of cytokines

Brian Henderson

The potent 'proarthritic' effects of cytokines
such as interleukin-1 (IL-1), IL-6, tumour
necrosis factor a (TNFa) on cells and isolated
connective tissues,' the ability to induce
synovitis by local injection of cytokines,2 and
the ability to block the pathology of experi-
mental models of arthritis by anticytokine
reagents3 4 strongly argue that these potent
local hormones play a key role in the pathology
of chronic arthritic conditions such as
rheumatoid arthritis (RA) and septic arthritis.
It is not surprising, therefore, that the cytokines
are perceived as major therapeutic targets in
these conditions. The first faltering attempts
to develop anticytokine agents started only a
short time ago, in the mid 1980s, but through
the growth in the biopharmaceutical industry
in the past decade we currently have a number
of anticytokine agents in clinical trials. This
paper will consider briefly the methods used
to modulate cytokines, and interested readers
should refer to recent reviews for more
details.5 6

Therapeutic modulation ofcytokines
Four major approaches to therapy can be
taken: inhibit cytokine synthesis; inhibit cyto-
kine release; inhibit cytokine action; inhibit
cytokine intracellular signalling pathways.
Table 1 shows the various points of inter-
vention, which will be considered in turn.

INHIBITION OF CYTOKINE SYNTHESIS

This can be achieved at a number of levels. The
first is blockade of the intracellular signalling
pathways which result in the transcription of
individual cytokine genes. In the past few years
it has been demonstrated that the potent
immunosuppressants cyclosporine and FK506
inhibit the synthesis of lymphokines such as
IL-2, IL-3, IL-4, and interferon gamma in this
manner by forming a complex with specific
cellular binding proteins which then inhibits
the calmodulin-dependent protein phosphatase,

Table 1 How do you inhibit cytokines therapeutically?

1. Inhibit cellular activation pathways leading to cytokine
synthesis

2. Inhibit the transcription of cytokine genes
3. Inhibit the splicing/metabolism of cytokine gene mRNA
4. Use oligonucleotide based agents to inhibit cytokine

mRNA translation
5. Inhibit the proteolytic processing of cytokines
6. Inhibit selective cytokine release pathways
7. Block the action of cytokines by use of neutralising

monoclonal antibodies or soluble cytokine receptors
8. Antagonise the binding of cytokines to their cognate

receptors
9. Inhibit cytokine specific intracellular signalling pathways

10. Use antagonist cytokines to downregulate cytokine
induced cellular activation

calcineurin. The function of calcineurin is
believed to be to dephosphorylate a subunit of
the lymphokine transcription factor, nuclear
factor of activated T cells, which can then enter
the nucleus and form the active transcriptional
complex to switch on the genes transcribing
IL-2 and related cytokines. The formation of
the drug-binding protein complex inhibits
this dephosphorylation and thus the cell fails
to generate the transcriptional complex.7
Given its potent immunosuppressive activity,
cyclosporine is surprisingly ineffectual in
treating RA. This strengthens the argument
that lymphokines play a minor role in the
pathology of established RA.8 Our under-
standing of the mechanism of action of these
immunosuppressants should allow the
development of selective agents for blocking
the postreceptor/pretranscriptional intra-
cellular signalling pathways involved in
cytokine synthesis.

Oliogonucleotide based drugs-There is enor-
mous interest in agents which can selectively
inhibit gene transcription or mRNA trans-
lation. Such agents are generally modified
oligonucleotides with nuclease resistant bonds.
Antisense oligonucleotides designed to hybridise
with the AUG translation initiation codon have
been the most popular choice, and the
synthesis of a wide range of cytokines and
cytokine receptors in vitro has been reported;9
one group has shown that antisense probes to
the murine type I IL-1 receptor have anti-
inflammatory activity in vivo.'" Shiozawa and
Hino (this symposium) report that down-
regulation of the transcription factor AP-1 by
oligonucleotides inhibited synovial expression
of IL-I and IL-6 and the symptoms of
collagen-induced arthritis in mice. " This is
a very active area of pharmaceutical research
and development, with a number of oligo-
nucleotide based drugs in early phase clinical
trial.9
Low molecular mass inhibitors-There are a
growing number of low molecular mass
compounds reported to inhibit the synthesis of
cytokines (table 2). Most are active in the
micromolar range and are therefore potential
therapeutic agents. These compounds generally
have an unknown mechanism of action.
Tenidap is one of these compounds which has
been claimed to inhibit IL-1 synthesis. This
agent is now in clinical trial in RA and has been
reported to show clinical effects consistent with
the inhibition of cytokine synthesis.'2 The only
tenuous common association shown by most
of these molecules is the ability to inhibit
arachidonic acid oxidation. It is not clear,
however, if this property is related to inhibition
of cytokine synthesis.
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Table 2 Low molecular mass inhibitors of cytokine
synthesis

Compound Cytokine inhibited

Glucocorticoids Many cytokines
Prostanoids IL-1, TNF
Taurolidine IL-1
SK&F 105809 IL-1
SK&F 86002 TNF
Tenidap (Pfizer) IL-1
Pentamidine IL-1
IX (Sandoz) IL-1
Antioxidants IL-1, IL-6, TNF
Substituted chalcones IL-1, TNF
E5090 (Tsukuba) IL-i
E3330 (Tsukuba) TNF
SA 3443 (Santen) TNF
RP54754 IL-i
RPR102194 IL-i
TA 383 IL-6
Immunosuppressants Lymphokines
Sodium aurothiomalate IL-8
Antiarthritic compounds Cytokines/lymphokines
Vitamin D-3 IL-8
Vitamin K IL-6

INHIBITION OF CYTOKINE RELEASE
If it does not prove possible to block the
transcription or translation of a cytokine, it
may prove possible to block its release from the
producer cell.

Inhibitors of cytokine processing-Certain
cytokines such as the key proinflammatory
molecules IL-1 [B and TNFot require proteolytic
processing to produce the active form. This
processing is achieved by the action of specific
proteases. The enzyme responsible for the
conversion of the 33 kDa IL-i[ precursor to
the active 17 kDa form is termed IL- 1 [
converting enzyme (ICE), and a number of
companies including MSD, Sterling Winthrop
and Vertex have developed potent inhibitors
and reported activity in vivo. 13 The recent
determination of the structure of ICE at
0-26 nm resolution should help in the design
of inhibitors.14 Interestingly, it has been shown
that gold thiomalate and auranofin are non-
competitive inhibitors of ICE. 14 Several reports
have recently appeared demonstrating that
the TNFa precursor is cleaved by a zinc
dependent metalloendopeptidase and can be
cleaved by members of the matrixin family.
Inhibitors of these enzymes can inhibit TNF
release and such inhibitors have activity
in ViVo.15-17 Thus it appears that it may be
possible both to inhibit the release of TNFot
and inhibit the activity of tissue degrading
metalloproteases using the same inhibitors.

Inhibition of cytokine release-In addition to
requiring processing, IL-1 and a few other

Table 3 Actions ofcytokine neutralising antibodies

Cytokine neutralised Disease model

IL-1 Antigen induced arthritis, endotoxin shock
TNFa Many and varied including endotoxin shock,

EAA, contact hypersensitivity, arthritis,
Schwartzmann reaction

IL-3 Helminth induced mastocytosis
IFN-y Schwartzmann reaction, endotoxin shock,

arthritis, cerebral malaria
IL-3 and GM-CSF Cerebral malaria
IL-4 Leishmaniasis
IL-5 Helminth induced eosinophilia
IL-6 Endotoxin shock
PDGF Atherosclerosis
TGF3 Fibrosis

EAA = Experimental allergic encephalomyelitis; GM-CSF = granulocyte macrophage colony
stimulating factor; IFN = interferon; IL = interleukin; PDGF = platelet derived growth factor;
TGF = transforming growth factor; TNF = tumour necrosis factor.

cytokines lack signal sequences required for
export and are released from cells by a novel
pathway which could present a selective
therapeutic target." A few compounds have
been reported to inhibit IL- 1 release, including
pentamidine isethiocyanate (an antiprotozoal
agent) and IX 207,887 a compound developed
by Sandoz.6 In animal models, IX 207,887
demonstrates anti-inflammatory, antipyretic,
antinociceptive and antiarthritic activities."9
In a double-blind clinical trial in patients
with RA, it demonstrated significant anti-
inflammatory and antiarthritic activity, although
the trial was too short to determine if there was
any inhibition of the progression of joint
damage.20 Sandoz have also reported the
synthesis of tri- and tetrapeptides which inhibit
the release of IL-i [3 with in vitro IC50 values
of 0-1 pLmol/l.

INHIBITION OF CYTOKINE ACTION

The inhibition of cytokine synthesis and release
is still proving difficult to achieve, and few
compounds have reached the stage of clinical
trial. In contrast, there are a number of agents
in clinical trial which are aimed at cytokines
which have been produced and released into
the extracellular fluid. Two major forms of
therapeutic modality are under investigation:
agents such as neutralising monoclonal anti-
bodies and soluble cytokine receptors which
bind to the cytokine in the fluid phase and
sterically inhibit its binding to the receptor,
and antagonists of cytokine binding to its
cell surface receptor. In addition, a third
modality-'antagonist' cytokines-is under
experimental investigation.

Cytokine-neutralising monoclonal antibodies-
Monoclonal antibodies (MAbs) have a number
of advantages as therapeutic agents: they can
be raised to any cytokine target; their natural
milieu is the blood, extracellular fluids, and
mucosal surfaces; they have long circulating
half lives; and their physical properties of size
and affinity can be modified to the therapeutic
demand. However, they have one major dis-
advantage-they are raised in rodents, and
produce a strong immune response in human
recipients. This has now been overcome by the
generation of chimaeric antibodies (mouse
variable region and human Fc) and humanised
antibodies, in which only the antigen binding
hypervariable regions are murine.2' There is
now a significant body of experimental
evidence to support the idea that antibody
based neutralisation of cytokines can inhibit
tissue pathology (table 3). Anti-TNFa MAbs
have been assessed in patients with septic shock
with, so far, rather disappointing results.22 One
open trial of a chimaerised anti-TNFot MAb,
produced by Centocor, in the treatment ofRA
has produced a great deal of excitement, with
clinical benefits being reported;23 a placebo
controlled double blind trial has confirmed the
initial results. Other centres in London are
testing the Celltech anti-TNFao MAb in double
blind dose ranging studies. A note of caution
should be introduced at this point. The
neutralisation of TNFa in rodent models of
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arthritis such as adjuvant and collagen induced
arthritis inhibits synovitis and tissue damage;24
in contrast, the neutralisation of this cytokine
fails to inhibit tissue damage in antigen
induced arthritis in mice and rabbits.25 These
discrepant results may reflect the different
response of these experimental lesions to non-
steroidal anti-inflammatory drugs (NSAIDs).
Adjuvant and collagen arthritis are largely
cured by NSAIDs, while this class of drug has
no effect on the progressive damage to articular
cartilage and bone damage in antigen induced
arthritis models-a reflection of the clinical
experience with these drugs. As TNFa is a
potent inducer of cyclo-oxygenase II and
thus stimulates prostanoid synthesis, the
neutralisation of this cytokine would be likely
to inhibit prostanoid formation, and this
could be responsible for some of the reported
effects. We have found that a neutralising
MAb to rabbit TNFa has a profound anti-
inflammatory effect in animals with antigen
induced arthritis, complete inhibition of joint
swelling occurring within with one week of
treatment-an effect we have seen with no
other drug tested. However, these animals
showed no inhibition of cartilage proteoglycan
loss.25 This substantiates the growing belief
that tissue damage and inflammation in the
rheumatoid joint may not be causally linked.26
Two additional problems are faced by anti-

bodies. First, if articular cartilage chondrocytes
are producing the cytokines which, acting in an
autocrine fashion, stimulate the degradation of
cartilage, then neutralising antibodies may not
be able to penetrate the cartilage to switch off
synthesis. This may be one explanation for our
failure to inhibit cartilage damage in the rabbit.
Second, with fully humanised antibodies the
prolonged administration of large amounts of
a particular idiotope is likely to induce an anti-
idiotypic response. Of particular concern is the
possibility that some of these anti-idiotypic
antibodies could mimic TNFa and thus
exacerbate the disease.
One exciting development which could

overcome these various problems is the work
of Saragovi's group, who have reported the
synthesis of low molecular weight non-peptide
mimetics of antibody combining sites.27 If this
proves to be a universally applicable strategy,
antibodies would simply become the first step
in the development of low molecular weight
antagonists.

Soluble cytokine receptors-A second approach
to the inhibition of cytokines in the extra-
cellular milieu is to use soluble forms of cyto-
kine receptors. This is one strategy developed
by 'Mother Nature' to control cytokines. Such
receptors have a higher binding affinity than
antibodies, but suffer from having a short
circulating half life. However, by linking an
antibody Fc region to soluble receptors,
the circulating half life can be considerably
extended;28 a number of investigators are pro-
ducing such hybrid molecules with multiple
binding sites which should enhance cytokine
binding. Soluble receptors have been shown to
suppress a range of experimental models of
tissue pathology.6 Soluble IL-1 receptor was

shown to inhibit local allergen induced
inflammation in human volunteers with no side
effects being reported.29 Hoffnan La Roche
are currently in early phase clinical trials in RA
with a soluble TNF receptor-IgG Fc complex
which is apparently showing clinical efficacy
(Fenner, personal communication).

Cytokine antagonists-When pharmacol-
ogists think about inhibiting the action of an
agonist, their first thought is to develop a
receptor antagonist. Such ideas initiated the
drive to develop anticytokine therapeutic
agents, but in spite of extensive and expensive
research no pharmaceutical company has yet
devised a cytokine receptor antagonist. The
reasons for this probably relate to the
enormously high affinities of binding between
cytokines and their receptors and the multi-
point attachment of these two cognate proteins.
However, Mother Nature has had many aeons
of pharmaceutical experimentation and has
developed an antagonist of IL-1. This protein,
interleukin-1 receptor antagonist (IL-Ira),
shares only 20-30% homology with the IL-is,
but is now regarded as the third member of the
IL-1 family and binds to the fumctional type I
IL-1 receptor without stimulating an agonist
response. It is therefore a useful probe of the
residues in IL-lra which trigger receptor
mediated cellular activation.30 First described
in the late 1980s, and cloned and expressed in
1990,3 during the past four years IL-Ira has
been shown to be a potent inhibitor of many
experimental models of human disease and, in
particular, septic shock6 and has been tested in
clinical trials for various conditions. It has
been shown to ameliorate rodent models of
arthritis,32 but had no effect on the induction33
or (Lewthwaite, in preparation) chronic phase
of antigen induced arthritis in the rabbit. How-
ever, it has proved to be a potent antifibrotic
agent in both lung34 and joints (Lewthwaite, in
preparation) in animal models of lung fibrosis
and arthritis, respectively. IL-Ira is in clinical
trial for use in RA, but is unlikely to be of
therapeutic benefit as it has a very short half life
in the circulation. Indeed, at the time ofwriting
Synergen, who have pioneered IL-ira under
the trade name Antril, have suffered a
considerable setback with the failure of their
second phase III trial of Antril for septic
shock.35 It is the author's view that a novel
approach to agonist receptor interactions is
required in order to develop clinically useful
cytokine antagonists.

Antagonist cytokines-Cytokines are paracrine
and autocrine mediators and, as such, form
complex interacting networks capable of either
stimulating or inhibiting cellular activity. The
capacity for both actions probably depends on
the initial state of the system. It has emerged
in the past few years that certain cytokines act
to downregulate the cellular activation induced
by other cytokines. Molecules such as IL-4,
IL-10 and transforming growth factor ,B have
been shown to inhibit experimental conditions
including inflammatory lesions and experi-
mental models of arthritis.6 36 The problem
inherent in the clinical use of this therapeutic
approach is that the administration of these
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cytokines to healthy animals can, in itself,
induce pathology. Much more information is
needed to determine if it is possible to use such
antagonist cytokines therapeutically in diseases
such as RA.

Inhibition of cytokine induced intracellular
signalling-The effects of cytokines are the
result of specific upregulation of receptor
mediated intracellular signalling pathways.
Blocking these pathways inhibits the action of
the cytokine. The mechanism of action of
the immunosuppressants cyclosporine and
FK506 has already been discussed. Many
pharmaceutical companies have therapeutic
programmes to develop inhibitors of cytokine
induced intracellular signalling. Perhaps the
most advanced is the programme to develop
inhibitors of tyrosine kinases, which are
increasingly seen to be involved in cytokine
generated cellular activation. A number of
bacterial metabolites such as genistein and
erbstatin are known inhibitors of tyrosine
kinases. Erbstatin has been used to develop a
family of rationally designed tyrosine kinase
inhibitors termed tyrphostins,37 which have
been shown to inhibit experimental septic
shock38 and are currently in clinical trial for
psoriasis.7 Parke-Davis scientists have recently
reported the synthesis of a specific inhibitor of
the epidermal growth factor receptor tyrosine
kinase. The Ki value of this compound is
an amazing 5 pmol/1.39 Other compounds
such as lisofylline, an inhibitor of phosphatidic
acid which blocks cell activation by pro-
inflammatory cytokines, are also in early phase
clinical trials.

Conclusions
The past decade has seen enormous strides in
our understanding of the biology of cytokines
and their role in human disease. We are already
seeing the introduction into the clinic of
therapeutic cytokines such as interferons
gamma and alpha, erythropoietin, and colony
stimulating factors. The next decade should
see the clinical use of cytokine modulators
which downregulate the action of selected
cytokines. The greatest efforts in this respect
have been devoted to the treatment of septic
shock-an acute condition believed to be
caused by endotoxin driven production of
proinflammatory cytokines such as IL-1 and
TNFcI. The acute nature of this disease and
the experimental finding that septic shock in
rodents, lagomorphs and primates could be
blocked by single antiendotoxin or anti-
cytokine agents gave the biopharmaceutical
industry confidence that it could produce
effective therapeutic agents; the experience so
far is cautionary. As described by Wright,35 six
biopharmaceutical companies have now failed
in their efforts to develop clinically effective
therapies for this condition. They include well
known companies such as Centocor, Synergen,
Chiron, Xoma, and Immunex. In view of
the great complexity of the pathology of
rheumatoid arthritis, our expectations that
blocking single cytokines (by complex agents
such as cloned chimaerised antibodies or

soluble receptor-antibody complexes) can
inhibit tissue pathology should remain at a
sensible low level. Only time will tell if it is
possible to inhibit complex cytokine induced
pathology in man by removing single cytokines.
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Synovium
Abstracts

Cellular basis ofrheumatoid joint
destruction: expression ofoncogenes,
adhesion molecules and cartlage
degrading enzymes
J Kriegsmann, U Miiller-Ladner,
A Trabandt, T Geiler, W Aicher, G Keyszer,
R Gay, S Gay

Division of Clinical Immunology and
Rheumatology, University ofAlabama at
Birmingham, Birmingham, USA

Patients with rheumatoid arthritis (RA)
characteristically exhibit overlapping mani-
festations of three pathobiological phenom-
ena: inflammation, abnormal humoral and
cellular immune responses, and synovial
hyperplasia. A comprehensive histomorpho-
logical study of the spontaneous RA like
disease in MRL-lpr/lpr mice has revealed the
sequence of events leading to cartilage and
bone destruction in the affected joints. Joint
destruction occurs in the sequence: prolifera-
tion of transformed appearing synovial lining
cells; attachment of these cells to cartilage,
apparently in association with the first steps
ofmatrix degradation; subsequent infiltration
with inflammatory cells which accelerates the
destructive process. Interestingly, the trans-
formed appearing synovial cells in this animal
model resemble the transformed appearing
synovial cells in human RA described by
Fassbender. On the basis of the abnormal
appearance of these cells, we searched for the
expression of proliferation associated
oncogenes, cell adhesion molecules, and
matrix degrading enzymes at sites of joint
destruction in RA.

Expression of oncogenes myb, myc and ras
was found in about 75% of RA patients and
was largely restricted to the synovial lining
cells attached to cartilage or bone. In about
50% of the RA cases the cystine proteinase,
cathepsin L (a major ras-induced protein),
and cathepsin B colocalised with ras ex-
pression. Moreover, c-fos and egr- 1 could be
detected in collagenase producing cells. The
interaction of synovial cells with matrix in
vivo, was studied further: synovial tissue or
isolated synovial lining cells derived from RA
patients were implanted together with normal
human cartilage into SCID mice.
Double labelling techniques using in situ

hybridisation, in situ polymerase chain
reactions and immunocytochemistry have
revealed that cathepsin D is expressed in
CD68 macrophages, whereas cathepsin L is
expressed in vascular cell adhesion molecule-
1-expressing fibroblast like cells.
This approach provides a novel experi-

mental model to explore the molecular
and cellular mechanisms of rheumatoid
destruction.

A P-I oligonucleotides inhibit collagen-
induced arthritis in mice
Shunichi Shiozawa, Kazuo Hino

Department ofMedicine, 3rd Division, Kobe
University School ofMedicine, Chuoku, Kobe
650, J'apan

The transcription factor AP-1, a dimer of
proto-oncogene products of c-jun, c-fos and

other members of the fos and jun families of
genes, mediates cellular response to growth
factors such as interleukin-1 (IL-1) and
tumour necrosis factor a (TNFa), and is
responsible for transcriptional regulation of
the collagenase and stromelysin genes by
IL- 1 or TNFa which are important for arth-
ritic joint destruction. In a previous study of
antigen induced arthritis in H2-c-fos trans-
genic mice, we found that overexpression of
c-fos gene caused joint destruction without
lymphocyte infiltration; the majority of cells
invading the extensively eroded collagenous
tissue were mesenchymal synovial cells that
had a potential to invade cartilage matrix
when cultured in vitro. Furthermore, trans-
fection experiments showed that constitutive
c-fos expression not only promoted growth of
synovial cells by inducing morphological
transition of synovial dendritic cells into
fibroblastic cells, but also stimulated bone
resorption by inhibiting collagen synthesis of
osteoblasts and increasing osteoclastic bone
resorption by releasing humoral mediators
from osteoblasts.
As synovial cell proliferation and osteo-

porosis in the juxta-articular regions are char-
acteristic of rheumatoid joint lesion, we
tested ifAP-1 played a pivotal role in chronic
arthritis by administering double stranded
AP-1 oligonucleotides intraperitoneally to
DBA1/J male mice with collagen induced
arthritis. Destructive arthritis and synovial
mRNA expression of IL-1 and IL-6 were
inhibited. Immunohistochemical detection of
biotynated oligonucleotides in the synovium
confirmed that the AP-1 nucleotides ad-
ministered did reach the inflammatory
synovium.

Reactivation ofbacterial cell wall
induced arthritis and alteration ofT
cells by native and mutant
superantigens
J H Schwab, R R Brown, S K Anderle,
P M Schlievert*

Department ofMicrobiology and Immunology,
University ofNorth Carolina Medical School,
Chapel Hill, USA; *Department of
Microbiology, University ofMinnesota Medical
School, Minneapolis, USA

Intravenous (IV) injection of Lewis rats with
toxic shock syndrome toxin-i (TSST-1)
from Staphylococcus aureus induces a unique
pattern of acute and chronic recurrence of
monoarticular arthritis in an ankle joint
inflamed three weeks earlier by intra-articular
(IA) injection of peptidoglycan-polysaccha-
ride (PG-APS) from cell walls of group A
streptococci. After a single IV injection of
TSST-1 125 [Lg/kg, episodes of increases and
decreases of joint inflammation, confined to
the PG-APS injected ankle, occur over a
period of eight hours to eight weeks, with
synovitis and marginal erosion of cartilage
and subchondral bone. In contrast, none of
the other superantigens tested (staphylo-
coccal enterotoxins A, B, Cl, or strepto-
coccal pyrogenic exotoxin A) can induce
recurrences of joint swelling and chronic
erosive synovitis. Mutation of TSST-1 at
amino acid residue 132 results in loss of
lethality, and mutations at both residues 132
and 140 results in loss ofT cell mitogenicity.
Neither of these mutants is able to induce
recurrence of arthritis, indicating that both
residues are important for this property.

Although T cells are required for re-
activation of arthritis, and relative mito-
genicity of native and mutant TSST-1
structures is reflected in reactivation, there is
no correlation between mitogenic activity
of the other bacterial superantigens and
arthropathogenicity. Depending upon the
interval after IV injection, reactivation of
arthritis by TSST-1 is accompanied by
alteration of in vitro spleen cell mitogenic
response to all mitogens, changing per-
centages of both CD8 and CD4 peripheral
blood T cells, and a changing ratio of
CD4:CD8 cells.
These studies provide additional evidence

that several distinct classes of bacterial
products, which modulate the immune
system, can participate in experimental
erosive synovitis and could be part of the
complex aetiology of inflammatory arthritis
in humans.

Role ofmolecular markers in the
diagnosis and treatment of
osteoarthritis
L Stefan Lohmander

Department of Orthopaedics, University
Hospital, S-22185 Lund, Sweden

Cartilage matrix metabolism undergoes
pronounced shifts during the development
of osteoarthritis (OA). Over a period of
time, these alterations, in interplay with mech-
anical loading and other exogenous and
endogenous factors, lead to deterioration
of joint function in OA. Experimental
evidence points to a marked increase of
both synthesis and degradation of matrix
molecules by chondrocytes in the early
phases of OA, with little or no net loss of
the major matrix molecules. Later, there
may still be evidence for an increased syn-
thesis of matrix components but, because
of defects in the structure of new mol-
ecules or their extracellular assembly,
or shifts in degradative activity, net loss of
matrix occurs. Ultimately, the compensatory
efforts mounted by the chondrocytes
collapse, while degradation continues and the
matrix and joint fail. The 'point of no return'
on this pathway has not been defined and
may be different in different joints,
individuals, and experimental models. Aging
may cause a shift of this critical point so that
a lesser joint insult may initiate the OA
process in the aged cartilage than in the
young cartilage.
During cartilage matrix degradation,

molecular fragments and other products of
tissue metabolism are released to the synovial
fluid and subsequently to other body fluid
compartments. It was proposed that these
markers of cartilage metabolism may be used
to facilitate diagnosis and prognostication in
OA, and to monitor clinical trials. It has also
been suggested that analysis of the structure
of the released products may help to elucidate
the disease mechanisms in OA. A great
number of reports have been published on
the release ofmarkers of cartilage metabolism
into joint fluid and other body fluids in OA
and patterns which relate to OA stage, degree
of inflammation, type and time after injury,
etc, are emerging. However, we are still far
from being able to use cartilage markers
in clinical decisions or to monitor clinical
trials; many basic questions remain to be
answered.
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Symposium on synovium

Effects of 1"holmium-hydroxylapatite
beads on the synovium ofthe antigen
induced arthritis rabbit stifle
S Shortkroff, A Mahmood, C B Sledge,
J Brodack*, K Deutsch*, E Deutsch*

Departments of Orthopedic Surgery and Nuclear
Medicine, Brigham and Women's Hospital and
Harvard Medical School, Boston, USA;
*Mallinckrodt Medical, St Louis, USA

Preliminary studies have indicated that
hydroxylapatite may be an attractive agent for
radiation synovectomy as it provides a
biocompatible, biodegradable carrier for the
radionuclide. We have evaluated the effects of
labelled hydroxylapatite (HA) on the synovial
lining in an arthritic animal model using
holmium-166 as the radionuclide.
A total of 18 rabbit stifle joints (five

normal; 13 with antigen induced arthritis
(AIA)) were injected with a mean of 903 pLCi
(range 200-1670 ,uCi) 166Ho-hydroxylapatite
(166HoHA) (mean specific activity
168 pLCiImg; average bead size 14 ,um). All
animals were imaged by gamma camera
immediately after injection and before killing
to assess retention of the radioactive carrier
within the joint space. Biodistribution studies
were also performed on all animals. Synovial
specimens were retrieved at 12, 24, or
48 hours after injection. Synovium was
processed for paraffin embedment and
sections were stained with haematoxylin and
eosin or von Kossa for phosphate. The
biodistribution and gamma camera studies
demonstrated that less than 05% of the
radioactivity was extra-articular. The synovia
from the normal stifle joints demonstrated a
very slight inflammatory response to
166HoHA at 12 hours. Both the normal and
the AlA animals exhibited changes in the
cellular viability of the synovial lining within
24 hours. By 48 hours there were areas of
necrosis and significant amounts of debris.
Thus the synovial cells were capable of

engulfing the beads within 12 hours, and
though the beads were partially degraded
with time the radioactivity remained within
the joint space, presumably associated with
the particulate matter. These results indicate
that HA beads are effective in distributing the
dose of radioactivity to the synovial lining
and, therefore, have significant potential as a
radiation synovectomy agent.

Expression ofCD68 by synovial
fibroblasts in rheumatoid arthritis
A H L Mulder, J Westra, B C Barendsen,
J Kamminga, J Bijzet, P C Limburg

Department ofRheumatology, University
Hospital Groningen, The Netherlands

CD68 is a 110 kDa intracytoplasmic
glycoprotein, associated with lysosomal
granules. Antibodies to CD68 are widely
used as markers for macrophages in biopsies.
Depending on the monoclonal antibody
used, the reactivity may be more or less
specific for tissue macrophages; in particu-
lar, the PG-Mi and Y1/82A monoclonal
antibodies are claimed to be monocyte/
macrophage lineage specific. The origin and
composition of cells in the synovial lining
layer are still a matter of debate; as activated
fibroblasts express the common CD68
antigen, we analysed the expression of CD68
on synovial fibroblasts, both in culture and by
immunohistochemistry.

Synoviocytes were cultured from colla-
genase digested synovial tissue obtained
during synovectomy of patients with early
rheumatoid arthritis (less than three years
disease duration). Cells were cultured in
Dulbecco's minimal essential medium/10%
fetal calf serum and used at passages four to
six. Fetal lung fibroblasts were analysed also.
Expression of fibroblast and macrophage
specific markers was analysed after the cells
had been cultured in chamber slides with or
without cytokines (interleukins (IL)-1
and 6, interferon gamma, granulocyte
macrophage colony stimulating factor
(GM-CSF) for different periods oftime up to
48 hours. Immunohistochemistry was per-
formed on frozen sections and methacrylate
embedded sections.
We found constitutive expression of the

common CD68 epitope (MoAb KP1) on all
synoviocyte cultures, and of the macro-
phage specific epitope (MoAb PG-MI) on
most synoviocyte cultures. Both IL-1 and
GM-CSF induced the expression of the
macrophage specific CD68 (MoAb PG-MI)
dose and time dependently on previously
negative synoviocyte cultures, but not on
control fibroblasts. All synoviocyte cultures
were positive for fibroblast specific markers
(5B5, lB10), but negative for other
monocyte/macrophage markers (Mac387,
CDI 1/CD 18, CD 14, MPO). Expression of
CD68 may be an activation marker for
synovial fibroblasts and may confuse the
discrimination between monocytic and
fibroblastic synovial lining layer cells.

Mast cells and matrix degradation at the
rheumatoid lesion
Lynne C Tetlow, David E Woolley

Department ofMedicine, University Hospital of
South Manchester, West Didsbury, Manchester,
United Kingdom

Degradation of articular cartilage is a
characteristic feature of joint destruction in
rheumatoid arthritis (RA). The cellular
composition at sites of cartilage erosion is
variable, but often includes local concentra-
tions of mast cells. As mast cells may
contribute to the degradative and inflamma-
tory processes of the rheumatoid lesion, we
have attempted to examine their distribution
and activation in relation to expression of
metalloproteinase (MMP-1 and MMP-3),
tumour necrosis factor a (TNFa), and
interleukin-l (IL-1).
Dual immunolocalisation techniques

(alkaline phosphatase with horseradish per-
oxidase or fluorescein isothiocyanate with
Texas-red) were applied to cartilage-pannus
junctions of rheumatoid tissue removed at
surgery. The distribution of TNFa, IL-la
and 3, collagenase (MMP-1), and stro-
melysin (MMP-3) were each examined in
relation to mast cell tryptase.
A significant proportion of rheumatoid

specimens demonstrated widespread mast
cell distribution and activation (extracellular
tryptase) throughout the synovial tissue,
while in others activation was absent or
confined to junctional locations. A variable
distribution ofTNFa and IL-1 was observed
for most specimens, no consistent pattem for
cytokine expression becoming apparent.
Mast cell activation at specific sites occasion-
ally correlated with TNFa expression. The
distribution ofMMP-3 and MMP- I was also
variable and often confined to sites of carti-

lage erosion; occasionally, MNMP-3 expres-
sion was associated with sites of mast cell
activation.
The rheumatoid lesion shows great

variation in the distribution of specific cell
types, even within the same specimen.
Expression of the proinflammatory cytokines
TNFa and IL- 1, and that of the
metalloproteinases all show microenviron-
mental variations. Observations of mast cell
activation were consistently associated with
connective tissue disruption and lysis,
probably reflecting both proteolytic activity
and localised oedema.

Work supported by the Arthritis and Rheumatism
Council.

Detection ofcytokine producing cells in
the synovial membrane ofrheumatoid
arthritis
Ann-Kristin Ulfgren, Staffan Linblad,
Lars Klareskog, Ulf Anderssont

Department ofRheumatology, Karolinska
Hospital, Stockholm, Sweden; tDepartment of
Immunology, Stockholm University, Sweden

The synovial membrane in rheumatoid
arthritis contains numerous infiltrating cells,
which produce cytokines contributing to the
pathogenesis of the disease. Many reports
have confirmed the presence of various
monokines at both an mRNA and a protein
level. The protein detection ofT cell derived
lymphokines has been elusive, despite the
fact that many synovial membrane T
lymphocytes express activation markers.
We have developed a new technology based

on indirect immunohistochemistry and cyto-
kine specific monoclonal antibodies to study
the formation of 18 different cytokines in
cryopreserved, arthroscopic synovial biopsy
specimens from patients with rheumatoid
arthritis (n = 7). Several of the patients had a
high disease activity at the time of the
arthroscopy and the biopsy samples were
from sites showing maximal inflammation.
The use of saponin as a detergent in the fixed
sectioned specimens enabled us to identify
cytokines intracellularly in the Golgi apparatus
or in the cytoplasm of producer cells.
The cytokines studied were interleukins

(IL) IL-lot, IL-1,B, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-8, IL-10, IL-13, interleukin-I re-
ceptor antagonist, granulocyte macrophage
colony stimulating factor, granulocyte colony
stimulating factor, tumour necrosis factors a
and ,B, interferon gamma, transforming
growth factor ,B and lymphotoxin binding
protein. All were found in the biopsy
samples, with different patterns of pro-
duction in the studied patients.
Our results demonstrate cytokine produc-

tion in macrophages and in T lymphocytes in
the rheumatoid synovial membrane.

UDPGD activity and VCAM-1 in
synovial like peri-implant tissues
J C W Edwards*, L S Wilkinson*,
T S Thomhillt, P A Lalort

*Division ofRheumatology, University College,
London, United Kingdom; tDepartment of
Orthopaedics, Brigham and Women's Hospital,
Boston, USA; tHowmedica Inc, Rutherford, USA

The reappearance of functional synovial
tissue around articulating portions of total
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joint prostheses may be important for good
mobility. However, production of synovial
fluid by synovial like peri-implant tissues will
likely have negative effects by encouraging
movement and providing an avenue of
migration for wear debris. Wear debris has
been implicated as an inflammatory stimulus
leading to implant failure. Fibroblast like
intimal cells express vascular cell adhesion
molecule-I (VCAM-1) and show uridine
diphosphoglucose dehydrogenase (UDPGD)
activity. UDPGD is involved in hyaluronan
synthesis. Contact between VCAM-1 ex-
pressing cells and macrophages has been
implicated in the ability of macrophages to
secrete tumour necrosis factor in response to
proinflammatory stimuli. Therefore, our
objective was to assess UDPGD activity and
VCAM-1 expression by synovial and synovial
like peri-implant tissues.

Peri-implant tissue from 18 patients and
synovium from four of the 18 were examined
for UDPGD and non-specific esterase
activity and for VCAM- I expression.
A fully formed surface layer was seen in

some, but not all of both the peri-implant
tissues and synovium. When the layer was
well defined in either tissue type, cells ex-
hibited high UDPGD activity and VCAM-1
expression. Cells often carried branching
processes which labelled preferentially with
VCAM-1. When the surface layer showed
patchy cellularity, there was variable
expression, with VCAM-1 in a more patchy
distribution than UDPGD. When the layer
was not clearly defined there was no UDPGD
activity or VCAM-1 expression in surface
cells. One peri-implant sample displayed
scattered cells with high UDPGD activity
and branching morphology deep in the tissue,
contacting polyethylene wear particles and
associated giant cells; these cells did not
express VCAM- 1. Non-specific esterase
positive cells did not form the dominant
population in the surface layer of peri-
implant tissues.
These findings provide further evidence

that a synovial like lining exists at the bone
interface but that the distribution of surface
cells is different from that in normal and
inflamed synovium. Cells deep in the tissue
contacting polyethylene particles showed
high UDPDG activity not normally
associated with tissue fibroblasts, suggesting
a relationship between fibroblast differenti-
ation and interaction with particles.

Two distinct mechanisms ofjoint
destruction are regulated by different
cytokines
N Al-Saffar, H A Khwaja, P A Revell

Osteoarticular Research Group, Department of
Histopathology, Royal Free Hospital School of
Medicine, London, United Kingdom

Periprosthetic osteolysis is well documented
in association with loosened orthopaedic
implants. This process is a consequence of a
local inflammatory reaction in the bone-
implant interface. T cells, macrophages
and foreign body giant cells (FBGCs)
predominate in these membranes. In
comparison, the mononuclear cell infiltrate
that participates in articular tissue de-
struction in rheumatoid arthritis has two
additional components, B lymphocytes and
polymorphonuclear (PMN) cells, and
contains a smaller number of FBGCs.
Various cytokines are known to regulate the

functional changes in the cells involved in
these two inflammatory conditions. In this
study we have analysed the production of
five cytokines in aseptic loosening and
rheumatoid arthritis, to determine their role
in the phenotypic and functional transforma-
tion, proliferation and differentiation to
effector cells.

Interleukins (IL) IL-1p, IL-6, IL-8,
tumour necrosis factor a (TNFa) and
granulocyte macrophage colony stimulating
factor (GM-CSF) were immunolocalised on
cryostat sections of the interface membranes
obtained from 20 patients during revision of
aseptically loosened implants, and five
synovial membranes collected from patients
with rheumatoid arthritis (RA) undergoing
total knee replacement.

IL-l1, and GM-CSF were detected in
significantly high numbers of inflammatory
macrophages in both RA synovium and the
interface membranes, but TNFa was more
abundant in RA synovial macrophages, IL-6
was expressed on a variable number of
macrophages in the lining layers in both
conditions, but was present in greater
amounts in RA. The production of the
chemotactic factor IL-8 was restricted to the
superficial lining layers in both, and was
significantly increased in RA vascular endo-
thelium and synoviocytes. Macrophages in
the interface were consistently negative for
IL-8.
The results suggest that IL- 1, and

GM-CSF production in aseptic loosening
may regulate the differentiation of macro-
phages to bone resorbing FBGCs, and that
the induction of other cytokines in RA
mediates other mechanisms of joint
destruction, including the proliferation and
activation of synoviocytes and the recruit-
ment ofPMN cells.

Cytokine profile is dependent on the
type of arthritis
Wim B van den Berg, Leo A B Joosten,
Peter L E M van Lent, Fons A J van de Loo

Department ofRheumatology, University
Hospital Nijmegen, The Netherlands

Cytokines are believed to play an important
role in rheumatoid arthritis (RA). First
experiments with humanised anti-tumour
necrosis factor (TNF) antibodies in RA
patients look promising, and the focus of
therapy on TNF is based on the observed
cascade of TNF-interleukin-I (IL-1) in the
rheumatoid synovium. Our initial studies in
murine arthritis models put more emphasis
on IL- 1.
We have now investigated the kinetics of

TNFot and IL-1 using polymerase chain
reaction, bioassay, and immunolocalisation
on joint sections in various murine arthritis
models including antigen induced arthritis,
immune complex arthritis, collagen arthritis
(CIA) and streptococcal cell wall (SCW)
arthritis. In addition, we used neutralising
antibodies and IL-1 receptor antagonist
in vivo to investigate the involvement ofTNF
and IL-1 in joint inflammation and cartilage
destruction.

In all models, IL-I production was evident
and prolonged expression was found in CIA
and SCW arthritis. TNF expression seemed
to be more transient and varied between
models, with greatest expression in SCW
arthritis. Although anti-TNF treatment may
have an anti-inflammatory effect, protec-

tion against cartilage damage was limited.
In contrast, marked protection against
inhibition of chondrocyte proteoglycan
synthesis was found after blocking of both
IL-la and IL-1i in all models, independent
of the anti-inflammatory effect. Detailed
analysis of IL-ia or IL-i,B involvement in
various phases of arthritis is in progress.

Radiological progression in rheumatoid
arthritis relates to macrophage
populations in the synovium
D Mulherin, 0 FitzGerald, B Bresnihan

Department ofRheumatology, St Vincent's
Hospital, Dublin, Ireland

The role of macrophages in articular
destruction in rheumatoid arthritis (RA) is
increasingly recognised. Serial clinical,
radiological and synovial histological data
were recorded in 28 patients with RA
followed for a mean of six (range 4-8)
years. Significant radiological deterioration
occurred: mean Larsen score deteriorated
from 35 to 90 (p = 0-0001). Analysis of
the sub-lining layer synovium revealed
(mean (SEM)) CD3 (235 (62) cells/mm2),
CD4 (219 (46) cells/mm2), CD8 (101 (30)
cells/mm2), CD14 (402 (102) cells/mm2),
CD19 (62 (27) cells/mm2), and CD68 cells
478 (123) cells/mm2); blood vessels 90 (16)
cells/mm2. Lining layer thickness was 5 (03)
cells; this correlated with SLL CD14 counts
(r=0 6, p=0001). In the lining layer, 40
(7)% of cells expressed CD68; this was
significantly greater than CD14 expression
(14 (4)%) (p = 0-0002). CD68 expression in
the lining layer correlated with that in the
sub-lining layer (r=0 75); this was also true
for CD14 expression (r = 08). Change in
Larsen score during the study correlated with
sub-lining layer CD14 count (r=0 68) and
lining layer thickness (r= 0-54). Review
Larsen score also correlated with these
parameters (r=059 and r= 063), and with
the percentage of CD68 cells in the lining
layer (r=0= 65). Although sub-lining layer
CD14 counts correlated with CD3
(r=0 69), CD4 (r=0 74), and CD8
(r=0 - 72) counts in that layer, none of these
lymphocyte counts correlated with radio-
logical outcome.
These results indicate a consistent

correlation between radiological progression
and macrophage populations in the lining
and sub-lining layers of RA synovium. This
has important implications for the develop-
ment ofnew therapeutic strategies directed at
macrophages and their products.

Phagocytic lining cells are involved in
the onset of collagen type II induced
arthritis
P L EM van Lent, L AM van den Bersselaar,
A E M Holthuysen, LA B Joosten,
L B A van de Putte, W B van den Berg

Department ofRheumatology, University
Hospital St Radboud, Nijmegen, The
Netherlands

We investigated if phagocytic lining cells,
which cover the inside of diarthrodial joints,
are involved in the onset of collagen type II
arthritis expressed in DBA/l mice.

Phagocytic lining cells were selectively
depleted from the synovial layer before
induction of arthritis. For this purpose we
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injected multilamellar liposomes containing
clodronate:dichloromethylene diphospho-
nate directly into mouse knee joints. With this
technique, phagocytic lining cells engulf the
clodronated liposomes and the clodronate is
released inside the cell and kills the cell,
probably by immobilising Fe2". Optimal
depletion of lining cells was found between
five and 12 days after liposome injection.
Arthritis was induced by immunising DBA/1
mice with bovine collagen type II in complete
Freund's adjuvant. To synchronise the onset,
40 pLg of bacterial lipopolysaccharide was
given 28 days after immunisation, which
usually results in development of arthritis in
knee joints in all immunised animals four
days later. Clodronated liposomes were
given 11, nine and six days before induction
of arthritis. Two and eight days after the
onset of arthritis, the mice were sacrificed
and total knee joints were processed for
histology.

In control arthritic knee joints which
received phosphate buffered saline (PBS) or
PBS containing liposomes, a severe influx of
cells was seen in the synovial layer. In
cotnrast, in clodronated liposome treated,
lining depleted knee joints, significantly less
inflammation was found, with few cells
infiltrating the synovium. These results
indicate that the phagocytic lining layer plays
an important role in the onset of
systematically induced collagen induced
arthritis.

Immunolocalisation studies on six
matrix metalloproteinases, TIMP-1,
and TIMP-2 in synovia from arthritic
joints
R M Hembry*, J J Reynolds*,
D L Hamblent

*Strangeways Research Laboratory,
Cambridge, United Kingdom; t University
Department of Orthopaedic Surgery, Glasgow,
United Kingdom

Matrix metalloproteinases (MMPs) can
degrade all the macromolecular components
of connective tissues. To assess the likely
importance of six MMPs (collagenase,
stromelysins 1 and 2, matrilysin and
gelatinases A and B) and their inhibitors
(TIMP-1 and TIMP-2) in the arthritic
process, we analysed synovia from seven
joints with inflammatory arthritis, and three
with osteoarthritis. Immunofluorescence
microscopy was used, with specific antisera to
human MMPs and TIMPs.

Stromelysin 1 was found in all synovia,
bound to extracellular matrix, within cells, or
both, clearly implicating it in joint damage.
The most extensive matrix and cellular
staining occurred in inflammatory synovia,
with only limited staining in osteoarthritic
synovia. Matrilysin was present in only one
active inflammatory synovium and synthesis
of collegenase and gelatinase A was found in
four synovia (three inflammatory and one
osteoarthritic). Regional variations were
found in the synthesis of these MMPs,
indicating both that arthritic diseases are
episodic, and that control of enzyme
synthesis is focal. Stromelysin 2 and
TIMP-2 were not observed. TIMP-1
synthesis was seen in five synovia; in two
active synovia the distribution of TIMP-1
positive cells was more widespread than that
of MMPs.

Antibody expression by synovial
lymphocytes in rheumatoid arthritis is
suggestive oflocal clonal proliferation
D G Williams, P C Taylor

Clinical Immunology Division, Kennedy
Institute, London, United Kingdom

The synovium in patients with rheumatoid
arthritis (RA) is infiltrated with T and B
lymphocytes and inflammatory cells. The
source of the B cell population and the
reasons for its synovial location remain
unclear. It is possible that synovial B cells are
immigrants derived from the bloodstream or,
alternatively, are derived from local pro-
liferation within the synovium. In order to
study the relatedness of such synovial B cells,
we have analysed immunoglobulin expres-
sion within synovial biopsy specimens of
patients with active disease.
Neighbouring biopsy specimens were

obtained from knee synovium during
arthroscopy. Immunoglobulin cDNA was
amplified using 3' primers specific for gamma
subclasses 1-4, and 5' primers specific for
individual VH families. The diversity of
immunoglobulin expression in individual
biopsy specimens was determined by analysis
of the size heterogeneity of amplified cDNAs
encoding the immunoglobulin V-D-J region
using polyacrylamide gel electrophoresis.
Common patterns of size diversity were

found in cDNAs encoding a small number of
VH families from different biopsy specimens
in individual patients, suggesting that
synovial B cell proliferation plays a part in
producing the synovial B cell population.

Physicochemical properties ofhuman
synovial effusions in osteoarthritis
patients discontinued from anti-
inflammatory medication
E A Balazs*, P A Band*, M K Cowmant,
A I Goldman*, H G Leet

*Matnx Biology Institute, Ridgefield, USA;
tPolytechnic University, Brooklyn, USA

Synovial effusion samples were collected by
arthrocentesis from a population of osteo-
arthritis patients participating in a clinical
trial. The trial design incorporated a four
week period before treatment during which
patients were discontinued from all anti-
inflammatory medication. Because of this no
treatment period, approximately 50% of the
patients presented with an effusion of greater
than 2 ml at some time in the study. During
the subsequent two weeks arthrocentesis was
performed three times, and over the next four
to 12 weeks a fourth arthrocentesis was
performed. During this time, the patient
remained unmedicated with anti-inflamma-
tory drugs. Any effusion collected was
analysed for volume, protein content, and the
quality and quantity of hyaluronan. The
molecular weight distribution of the
hyaluronan in these samples was determined
using a sensitive electrophoretic method
requiring only 5 pLg of hyaluronan. In
addition, the dynamic rheological properties
of the synovial effusions were analysed
whenever sufficient volume was available.
The variations in these parameters between
patients, and over time in individual patients
were measured. In addition, correlations
were made between synovial effusion param-
eters, arthritic pain (quantitated on a visual
analogue scale), and radiological grade.

Metalloproteinase (MMP) regulation
and cartilage matrix loss during
granulomatous inflammation in elastase
deficient Chediak-Higashi mice
M P Seed*, M M Trancartt, A R Moore*,
Z Azam*, D Prigentt, D A Willoughby*

*Experimental Pathology, St Bartholomew's
Hospital Medical College, London, United
Kingdom; tLaboratoires 3acques Logeais,
15 Rue Denis Papin, 78190 Trappes, France

Rheumatoid pannus is a chronic granulo-
matous inflammation with a component
involving migrating neutrophils. Fresh rheu-
matoid synovial fluid contains neutrophil
elastase capable of degrading cartilage in
vitro. Cartilage matrix loss within cotton
pellet/cartilage implants is used to model
rheumatoid pannus, and can be related to the
content and state of activation of matrix
metalloproteinases (MMPs) with the granu-
loma. We have compared cartilage matrix
loss, and total and active granuloma MMP
activity in C57bl (control) and C57bg/bg
(Chediak Higashi elastase/cathepsin-G de-
ficient) mice.
C57bl and C57bglbg mice were bilaterally

implanted with rat femoral head cartilage
wrapped in 5 mg dental cotton. Implants
were excised over time and the development
of the granulomatous inflammation assessed,
along with residual cartilage weight and
glycosaminoglycan and hydroxyproline con-
tent. The granulomas were homogenised and
the proteins extracted, dialysed and re-
suspended in 1 ml Tris buffer for the assay
of collagenase, gelatinase, stromelysin,
myeloperoxidase, elastase, and cathepsin-G
using selective substrates throughout.
Granulomatous tissue development ap-

peared to peak earlier in the C57bg/bg mice
and was maintained at a higher level at day
28. Elastase and cathepsin-G contents were
below the detection limits of the assay in the
mutant mice, whilst myeloperoxidase activity
remained similar to the C57bl controls. The
loss of cartilage mass, glycosaminoglycan,
and hydroxyproline remained unaffected by
the deficiency, except at 28 days after
substantial cartilage matrix had already been
lost, when the C57bl mice lost significantly
more matrix. The total content of each MMP
was greater in the deficient mice, whilst the
degree of collagenase activation was reduced.
The activation status of gelatinase and
stromelysin was unaltered.

Neutrophil elastase and cathepsin-G may
be involved in the degradation of MMPs
and in the activation of collagenase in
granulomatous inflammation, or their de-
ficiency may result in an increase in
inflammatory stimuli leading to further
MNMP release. Their deficiency did not alter
cartilage degradation, indicating that MMP
release and activation is probably in excess.

Zymosan arthritis: a model of
inflammatory erosive joint disease
F R Comerford, A B Etwebi

Department ofExperimental Medicine, Faculty
ofMedicine, University College, Galway,
Ireland

Zymosan arthritis is a model of synovitis
attributed to a non-specific inflammatory
reaction, possibly initiated by the activation
of the alternate complement pathway. This
model was used in the present study to
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delineate the development and resolution of
erosive disease of diarthrodial joints at the
junction between synovial membrane and
articular cartilage. Sprague-Dawley rats were
injected with a suspension of zymosan
particles into one knee joint; animals were
killed at intervals over the following 12 weeks
and the injected joints were evaluated by light
and transmission electron microscopy.

In the first three days, an initial
inflammatory phase was characterised by
joint space exudates with polymorphonuclear
leucocytes (PMNs), fibrin, and increasing
numbers of macrophages. Large numbers of
PMNs were present in the synovial
membrane. From one to three weeks, there
was proliferation of synovial membrane,
pannus formation and the erosion of articular
cartilage by PMNs, fibroblasts and macro-
phages. There appeared to be continuity
between pannus and adjacent periosteal cells.
In some specimens, elongated PMNs were
observed lying parallel to the cartilage surface
beneath a layer of fibrin. Zymosan particles
were present in macrophages in the subsyno-
vial cells. From six to 12 weeks, pannus was
replaced by fibrous tissue and erosions were
filled with irregular bundles of collagen. Few
PMNs or zymosan particles were observed at
six weeks, and none at later times.
The first phase of zymosan arthritis was

the initial acute inflammation, the second
comprised proliferation and tissue damage,
and the third, scarring and partial repair.
There was a positive correlation between the
intensity of the inflammatory response and
the number of zymosan particles present in
the joint. The absence of lymphocytes and
plasma cells indicates that immune mechan-
isms may not be of major importance in this
model. For this reason, zymosan arthritis
may be particularly suitable for investigating
certain limited aspects of the pathogenesis
and treatment of inflammatory joint disease.

Knee joint synovial fluid content of
aggrecan predicts knee/hip joint
destruction in rheumatoid arthritis
T Saxne*, P Geborek*, B MAnsson*,
D Heinegardt

Department of*Rheumatology and tMedical
and Physiological Chemistry, Lund University,
Sweden

Quantification of intact or fragmented
cartilage matrix macromolecules in synovial
fluid provides a novel tool for studying
processes in the tissue. In this study we have
used an enzyme linked immunosorbent assay
(ELISA) to compare knee joint synovial fluid
concentrations of aggrecan (the chondroitin
sulphate rich region of the core protein) and

COMP (a cartilage specific matrix protein) in
patients with rheumatoid arthritis, monitored
prospectively. One group (n = 18) comprised
patients developing destruction in knee or hip
joints which necessitated arthroplasty after a
median of 5 9 years (range 2-7-12-2 years)
from disease onset; in a second group
(n = 25), patients did not develop radio-
graphic changes within a median 8 9 years
(range 6-8-13-4 years) after disease onset.
The median disease duration at the time of
first sampling was 1-0 years (range 0-24-9
years). All subjects had normal radiograms at
the onset of the study.
The aggrecan synovial fluid concentrations

were initially greatest in the group developing
joint destruction (p = 0-002), but subse-
quently decreased as destruction progressed.
In contrast, COMP concentrations did not
differ between the groups and did not change
over time. The ratio between aggrecan and
COMP concentrations was thus initially
greatest in the group developing joint
destruction (p = 0-0001) and varied with
the aggrecan concentrations. Surprisingly,
findings in the knee joint fluids correlated
with development of joint destruction in the
knee and in hip joints.
This prospective study has shown that high

aggrecan concentrations (and aggrecan:
COMP ratios) in knee joint synovial fluid
early in rheumatoid arthritis predicts future
knee or hip joint destruction. This cor-
roborates our observations from earlier
cross-sectional and longitudinal studies.
Measurement of these cartilage molecules
in synovial fluid should be useful for pre-
diction of future joint damage and may be
used for selecting patients for more active
treatment.

Influence ofendogenous cyclo-
oxygenase product(s) on synovial
fibroblast cultures
John A Hamilton

University ofMelbourne, Department of
Medicine, Royal Melbourne Hospital, Parkville,
Victoria 3050, Australia

Synovial fibroblasts may contribute to the
hyperplasia inflammatory response and tissue
damage observed in the inflamed synovial
membrane of rheumatoid lesions. It is likely
that the properties of these cells can be
modulated by cytokines present in such
lesions. For example, interleukin-1 (IL- 1)
can stimulate in vitro DNA synthesis and the
synthesis of prostaglandin E2 (PGE2),
urokinase-type plasminogen activator, PA-
inhibitor-2, colony stimulating factors and
hyaluronic acid in human synovial fibro-
blasts. However, it was found that the in-

clusion of a cyclo-oxygenase inhibitor, such
as indomethacin, in the cultures could alter
quite significantly (increase or decrease) the
measured levels of such factors in the IL-1
treated cultures-effects which could be
reversed by the addition of exogenous PGE2.
These findings suggest that endogenous
cyclo-oxygenase product(s) can influence the
detection of IL-1 induced effects and
illustrate the need to be aware of the presence
of these mediators in such cultures.

Radiation synovectomy using
particulate hydroxyapatite as the vehicle
for a therapeutic radionuclide
G P R Clunie, J C W Edwards,
L S Wilkinson, P J Ell

Synovial Biology Group, Department of
Medicine, University College London, United
Kingdom

Particulate hydroxyapatite (HA) has a size
range of 1-40 p.m and binds the (3 emitters
samarium-153 (Sm-153) and rhenium-186
easily and efficiently. Sm-153 has a half life
of 46 hours and has a mean (3 penetration of
0-8 mm (maximum 2-5 mm) in soft tissue.
We examined the suitability of Sm-153
particulate HA as a therapeutic agent and the
fate of this radiopharmaceutical in vivo.
Tomographic emission (y) scans from

patients after knee injection showed dis-
tribution of activity throughout the joint;
little, if any, extra-articular activity was
detected. There was no postinjection 'flare'
of inflammation. Synovial sections obtained
three months after intra-articular injection of
the knee of a patient with rheumatoid
arthritis showed, in addition to some
radiation fibrosis, non-calcium-containing
(Alizarin red) 'particle ghosts' distributed
through the synovial matrix. Some
intracellular material was seen, but no
adjacent cellular inflammatory infiltrate was
identified. The optimum soft tissue (3
penetration required for sufficient synovial
ablation to result in a useful clinical response
is not known. Multiple rheumatoid synovial
section analysis by light microscopy has
shown that cellularity is greatest in the
surface layers and to a depth of 2 mm. This
suggests that the bulk of inflammatory target
tissue is in range of the spectrum of Sm-153
P- emissions.
These data demonstrate stability of Sm-

153 binding to particulate HA in vivo and
retention of particles within synovium. Also,
assuming even access to the surface of
inflamed synovium, the soft tissue (-
penetration of Sm-153 suggests it to be a
potentially suitable radionuclide for use in
radiotherapy.
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