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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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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.

528

 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.54.6.524 on 1 June 1995. D
ow

nloaded from
 

http://ard.bmj.com/

