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Bone resorption by cells isolated from rheumatoid
synovium

J S Chang, J M Quinn, A Demaziere, C J Bulstrode, M J Francis, R B Duthie, N A Athanasou

Abstract
Cellular mechanisms accounting for the osteo-
lysis of rheumatoid erosions are poorly
understood. Cells were isolated and charac-
terised from the synovium of 16 patients with
rheumatoid arthritis (RA) and four patients
with osteoarthritis and their ability to resorb
bone was assessed using a scanning electron
microscope bone resorption assay. Macro-
phages were the major cell type isolated
from the synovium of patients with RA. These
produced extensive roughening of the bone
surface without resorption pit formation. This
low grade type of bone resorption was not
affected by systemic (calcitonin, parathyroid
hormone, 1,25-dihydroxyvitamin D3) or local
(interleukin 1, prostaglandin E2) factors
influencing bone resorption. Macrophage me-
diated bone resorption differs qualitatively
and quantitatively from that of osteoclasts but
is likely to play an important part in the
development of marginal erosions in RA.

(Ann Rheum Dis 1992; 51: 1223-1229)
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One of the major pathological changes in
rheumatoid arthritis (RA) is the formation of
pannus, exuberant granulation tissue which
extends from the synovial/cartilage interface
over the surface of the articular cartilage,
leading to its consequent destruction and
erosion.' Pannus also extends into subchondral
bone, producing marginal erosions and cyst-like
areas of bone destruction. The inflamed
synovium from which pannus develops is rich
in inflammatory cells, including lymphocytes,
plasma cells, and numerous macrophages. In
RA there is also hyperplasia of the synovial
intima, the synovial lining cells being almost
entirely of the macrophage phenotype.2"
Collections of inflammatory cells, similar in
type to those seen in the rheumatoid synovium,
are also found in the epiphysial bone and, with
osteoclasts, may be associated with active bone
destruction.'

Release of lysosomal enzymes, including
various types of proteinases, by rheumatoid
inflammatory cells has been proposed to account
for the destruction of cartilage and other
articular connective tissues.5 6 Cytokines,
prostaglandins, and other local factors play a

major part in cell-cell interactions that lead to
the release of these enzymes.5 6 Prostaglandins
and several cytokines, such as interleukin 1, are

also known to be potent stimulators of bone
resorption.7 8 Macrophages are known to
produce and respond to these mediators which
stimulate bone resorption and are a major

source of proteinases.9 There is much indirect
evidence to show that macrophages, including
their fused products, macrophage polykaryons,
are capable of degrading the organic and mineral
components of bone.'" 11 Using scanning
electron microscopy, direct evidence of bone
resorption by macrophages derived from extra-
skeletal tissues has also been noted.'2 13
The precise role of macrophages in the

formation of marginal erosions in RA is un-
certain. It has not been determined whether
macrophages in inflammatory pannus contribute
to the bone resorption of marginal erosions by
stimulating osteoclastic bone resorption or
whether they can, in some measure, directly
resorb bone. This study atempts to define the
cells in the rheumatoid synovium which are
capable of resorbing bone. We have isolated
phagocytes from the synovium of patients with
RA (with patients with osteoarthritis (OA) as
controls) and characterised these cells cyto-
chemically and immunocytochemically. Their
ability to resorb bone in the presence and
absence of systemic (parathyroid hormone,
vitamin D3) and local (prostaglandin, inter-
leukin 1) hormonal stimulators ofbone resorption
has also been determined directly by scanning
electron microscopy.

Patients and methods
Synovial tissue was obtained fresh from 16
patients with seropositive RA'4 and four
patients withOA during operations. The synovial
samples from patients with RA were obtained
from four hip joints, two knee joints, five elbow
joints, and five wrist joints; 14 women and two
men were studied and the average age was 50
years (range 30-65). The four synovial samples
from patients with OA were all derived from the
hip joint and were from patients aged 59, 65,
68, and 69 years.
The synovia were immediately placed into

Hanks's balanced salt solution (HBSS) (Gibco,
UK). Specimen radiographs of the synovium
were taken to determine if there was any calcific
debris or bone particles within the synovial
membrane. Patients showing radiographically
detected calcification of the synovial membrane
were excluded from the study. Blocks of syno-
vium were taken for routine histologic study.
The remainder of the sample was used for the
extraction of cells for in vitro culture.

CORTICAL BONE SLICE PREPARATION FOR
SCANNING ELECTRON MICROSCOPE BONE
RESORPTION ASSAY
Blocks of cortical bone were obtained from the
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femoral midshaft of patients at necropsy.
Adherent soft tissues were removed, then the
block was cut longitudinally into bone slices
(about 0x 0x0 3 cm) with a low speed bone
saw using a diamond wheel (Buehler, Isomet,
IL, USA). The bone slices were treated with
ultrasound for 15 minutes in sterile distilled
water, washed in acetone and ethanol, and then
stored dry at room temperature.

PREPARATION OF MACROPHAGE CULTURES

The synovium was cut into small pieces (about
1-2 mm) and washed thoroughly in HBSS. The
synovial fragments were digested for two hours
at 37°C in HBSS containing 1 mg/ml collagenase
Type I (Sigma, UK). The supernatant was
carefully collected and resuspended in 10 ml
HBSS. This was twice centrifuged at 1200
rev/min for 10 minutes. Finally, the cell pellet
was resuspended in 5 ml of a minimal essential
medium (MEM; Gibco) with 10% fetal calf
serum (Gibco) containing glutamine, benzyl
penicillin, and streptomycin (MEM/FCS). The
cell suspension was added to the bone slices and
to 6 mm glass coverslips in 7 mm diameter
multiwell plates (Nunclon, Denmark). Cell
suspension (100 tl) was placed into each well
and settled for one hour on the bone slices and
coverslips at 37°C and 5% carbon dioxide.
Coverslips and bone slices were removed and
washed vigorously in MEM then placed in fresh
wells containing 250 ,ul culture medium with or

without added hormones. Approximately 1000
cells derived from synovial samples from
patients with RA and 400 cells from synovium
from patients with OA remained adherent to the
coverslips after this isolation procedure. Added
hormones and final concentrations were para-
thyroid hormone (NIBSC), 10 IU/ml; 1,25-
dihydroxyvitamin D3 (Roche, UK), 1 x 108 mol/l;
salmon calcitonin (Rorer, UK), 1 jig/ml;
prostaglandin E2 (Sigma) lx10e mol/l, inter-
leukin la (20 ng/ml), 20 ng/ml. Cells were

incubated on bone slices and coverslips for
periods of 24 hours, three days, seven days, 14
days, 21 days or 28 days, the medium being
changed every three days. For each synovial
specimen, six to eight bone slices were examined
at each time interval. In cultures incubated for
periods of 24 hours, three days, and seven days,
two bones were fixed in 4% glutaraldehyde in
0-2 M cacodylate buffer for two hours. 123 The
remainder of the bone slices in these and longer

cultures were placed in aqueous ammonia
solution for two hours and then ultrasonicated
in tap water. This treatment removes the cells
from the bone surface and allows the underlying
substrate to be examined for evidence of surface
resorption or resorption pit formation. Speci-
mens were dehydrated in a graded ethanol series
and dried at their critical point using carbon
dioxide. After sputtering with gold they were
examined in a Philips SEM 505 scanning
electron microscope. The number of resorption
pits was counted on the ammonia treated bone
slices and evidence of surface roughening
recorded.

CYTOCHEMICAL AND IMMUNOCYTOCHEMICAL
CHARACTERISATION OF ISOLATED CELLS
Cells isolated and cultured on coverslips were
incubated in MEM/FCS for the time given in
the preceding section. One of the coverslips was
then fixed in formalin and stained with toluidine
blue for two minutes to show the cell morpho-
metry. Cell cultures on coverslips were also
fixed in cold acetone and stained for macrophage
and osteoclast associated enzyme activity, acid
phosphatase, and tartrate resistant acid phos-
phatase using a kit from Sigma.'5
The isolated cells were also characterised

immunohistochemically. After incubation for
24 hours the cell cultures on the coverslips
were fixed by acetone then stained by an

indirect immunoperoxidase technique for the
detection of several macrophage/osteoclast
associated antigens. 6 The monoclonal anti-
bodies used were derived from the IVth In-
ternational Workshop on Human Leucocyte
Differentiation Antigens'7 (table 1).

RESPONSE TO CALCITONIN
After digestion the cell suspension was added to
the wells of a 17 mm diameter Costar plate
containing 16 mm glass coverslips. Cells were

incubated for 20 minutes at 37°C in 5% carbon
dioxide. The coverslips were then removed
from these wells and washed vigorously to
remove non-adherent cells. One of a pair of
coverslips was then placed in a well containing
tissue culture medium (MEM/FCS) with cal-
citonin (1 ig/ml) and the other in medium
alone. The cells were incubated for up to one
hour and continuously observed for a morpho-
logical response to calcitonin. 8 They were then

Table I Monoclonal antibodies used in this study and results ofstaining. All the antibodies (except CR3143) denrvedfrom the
4th international workshop on human leucocytes differentiation antigens17

Monoclonal Source Macrophagel 24 hours 7 days
antibody osteoclast

associated Mononuclear Multinucleated Mononuclear Multinucleated
CD antigen cells cells cells cells

MHM24 McMichael CD1 la/18 + + +
MHM23 McMichael
90 3 Kraft CD14' + + +
CLB Mon/I Tetteroo
80-2 Kraft CD45*tF1O.89-4 Dalchau
EBM/l McGee CD68:'t + + + +
Y 1/82a Mason
CR3/43 Dakopatts HLA-DR1' + + +

*CD antigen present on macrophages but not osteoclasts.
tCD antigen present on macrophages and osteoclasts.'6
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Table 2 Number of lacunar resorption pits on bone slices cultured with cells derived from
synovium ofpatients with rheumatoid arthritis (RA) and osteoarthritis (OA). Mean (SEM)
number of resorption pits

RA (n=12) RA* (n=4) OA (n=

Three days of culture
Control 0 1-27 (0-93) 1-35 (0
Parathyroid hormone 0 1-38 (1-05) 1-86 (0
1,25-Dihydroxyvitamin D3 0 1-06 (0-74) 1-29 (0
Prostaglandin E2 0 1-29 (0 89) NDt
Interleukin I(t 0 0-98 (0-61) ND
Calcitonin 0 0-85 (0 70) 1-59 (0

Seven dayst
Control 0 3-19 (132) 2-87 (1
Parathyroid hormone 0 2-17 (1-25) 3-19 (1
1,25-Dihydroxyvitamin D3 0 2-54 (1-27) 3-76 (1
Prostaglandin E2 0 3-29 (1-39) ND
Interleukin 1 0 1-09 (0-84) ND
Calcitonin 0 2-86 (1-36) 2-56 (1

14 dayst
Control 0 3-64 (1-32) 3-01 (1-
Parathyroid hormone 0 2-49 (1-44) 2-31 (0-'
1,25-Dihydroxyvitamin D3 0 2-61 (1-40) 2-64 (1
Prostaglandin E2 0 3-72 (1-71) ND
Interleukin I(t 0 2-81 (0 %) ND
Calcitonin 0 2-15 (1-06) 3-64 (1

PFour RA synovia derived from hips/knees containing bone particles.
tSurface roughening increased in seven and 14 day cultures from RA
tND=not determined.

and RA s

Figure I Synovial membranefrom the knee ofa patient with rheumatoid arthritis
inflamed subintima with embedded bonefragments and surrounding cellular (inclua
cell) response (arrow). Haematoxylin-eosin stain.

Figure 2 Tartrate resistant acid phosphatase positive multinucleated cell in 24 ho&
This shows a broad cytoplasmic outline (large arrows) indicating that the cell is mot;
also unstained mononuclear cells below and at right, as well as red cells (small arroz

fixed in formalin for toluidine blue staining.
Evidence of a response to calcitonin was also
sought with cells incubated on pairs of coverslips
for 24 hours in MEM/FCS.

69/) Results
HISTOLOGY AND CYTOCHEMISTRY/

84) IMMUNOCYTOCHEMISTRY OF CELLS IN SYNOVIAL
MEMBRANES FROM PATIENTS WITH ARTHRITIS

03) The rheumatoid synovial membrane showed
23) typical features of RA with intimal hyperplasia,
54) fibrin exudation, and a heavy subintimal
19) chronic inflammatory infiltrate including occa-

sional lymphoid aggregates. Synovial specimens
72) from patients with OA contained no evidence
97) of a heavy subintimal chronic inflammatory
41) infiltrate. In the two specimens of synovium

from patients with OA and four specimens
21) from patients with RA (indicated by an asterisk

in table 2), fragments of bone often surrounded
ynovia. by large mononuclear or osteoclast-like giant

cells were noted histologically in the synovial
membrane (fig 1).

ON) After 24 hours in culture cells derived from
b synovium from patients with RA and OA

showed a similar morphology, being composed
of small, spindle shaped cells of fibroblast-like
morphology and small, round cells of macro-
phage-like morphology. Many macrophage-like

%.ie mononuclear cells were found in cultures
derived from synovium from patients with RA.
In addition, there were a few larger mono-

Ab- nuclear cells of macrophage-like morphology
r and occasional giant cells, both with abundant

cytoplasm. The giant cells isolated from syno-
vium which contained microscopic bone and
calcific deposits were osteoclast-like and con-
tained from two to 10 nuclei; they were always
found in those cultures which produced lacunar
bone resorption and were absent from those cell
cultures derived from RA synovium which did

, not produce resorption pits in the scanning
showing electron microscope bone resorption assay.
ling giant With increasing time of incubation there was

proliferation of fibroblast-like cells which
completely covered the coverslip and bone slice
surfaces making it difficult to observe the
number or activity of other cell types.

Staining of cell cultures for acid phosphatase
and tartrate resistant acid phosphatase activity
after 24 hours of incubation showed that most
(>90%) of the adherent round mononuclear
cells were positive for acid phosphatase. A few
isolated (<1%) mononuclear cels positive for
tartrate resistant acid phosphatase were found
in 24 hour cultures but most were negative for
tartrate resistant acid phosphatase. In those cell
cultures derived from synovium containing
bone debris, multinucleated cells positive for
tartrate resistant acid phosphatase were also
present (fig 2). Using acid phosphatase and
tartrate resistant acid phosphatase staining, it
was possible to identify macrophages and giant
cells in later cultures despite the fact that they
were covered with fibroblasts. Acid phosphatase
positive but tartrate resistant acid phosphatase
negative multinucleated cells were first seen

.ile. Nte after three days in culture and increased in
-s). number with increasing time of incubation.
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Figure 3 (A) Combined immunohistochemistry and calcitonin response test on cells one hour after isolationfrom the synovium
ofa patient with rheumatoid arthritis (shown in ftg 1). This shows a positive reaction forHLA-DR on most mononuclear cells
but no staining ofosteoclasts (centre). The osteoclasts show a positive calcitonin response with the retraction ofcytoplasmic
processes. (B) Macrophage polykaryon (centre) derivedfrom the same cell preparation as in (A) showing broad cytoplasmic
outline unaffected by calcitonin and a positive reaction forHLA-DR. Acetone fixation: indirect immunoperoxidase staining.

There was a variable but distinct tendency for
mononuclear and multinucleated cells which
remained in culture for more than seven days
to become positive for tartrate resistant acid
phosphatase.
Immunocytochemical staining of the isolated

cells showed that all rounded and some spindle
shaped mononuclear cells were positive for
CD14, CD45, CDlla/18, CD68, and HLA-DR
(fig 3). The few osteoclast-like giant cells
present in initial cell isolates did not express
CDlla/18 or CD14 (fig 3); these were derived
from synovial samples which, on histological
examination, contained bone particles in the
synovial membrane. Absence of CDlla/18 and
CD14 antigens on these giant cells parallels the
antigenic phenotype of osteoclasts. 16

RESPONSE TO CALCITONIN
Mononuclear and giant cells isolated from the
synovium onto glass coverslips were observed
by phase contrast microscopy to increase their
cell area rapidly after settling, the cells quickly
expanding their cytoplasm to produce a broad
cellular outline. Following the addition of
calcitonin, mononuclear cells continued to
remain motile and showed no morphological

Figure 4 Large well defined compound resorption pit on cortical bone surface seen after three
days ofincubation ofcells isolatedfrom synovium shown in fig 1. Bar= 500 tm.

response to calcitonin. In some isolates,
however, all derived from synovia containing
bone fragments, a few giant cells showed an
osteclast-like response to calcitonin, becoming
immotile with retraction of cytoplasmic pro-
cesses'8 (fig 3A). Identical results were seen
after giving calcitonin to cell cultures incubated
for 24 hours on glass coverslips.

CELL CULTURES ON BONE SLICES AND EVIDENCE
OF BONE RESORPTION SEEN USING A SCANNING
ELECTRON MICROSCOPE
Bone slices on which cells had been cultured
for 24 hours contained numerous small (up to
20 ,um), round and spindle shaped cells of
macrophage and fibroblast-like morphology
respectively. The macrophage-like cells had a
few scattered microvilli and surface ruffles on
their dorsal (upper) surface and rounded or
folded pseudopods, which were flattened against
the bone surface. Small, widely spaced retraction
fibres extended from the cell margin and bound
the cells to the bone surface. In cell cultures
derived from all synovial samples which con-
tained bone fragments, occasional large cells (up
to 150 [tm) of osteoclast-like morphology were
also noted. On their dorsal surface these cells
had considerably more microvilli, which were
tightly concentrated over a central dome-like
area. In addition, they had occasional surface
ruffles and a broad cytoplasmic outline with
closely spaced retraction fibres.
Two patterns of bone resorption were noted

in cell cultures on bone slices. Typical lacunar
resorption pits were seen after 24 hours and
three days of incubation of cells derived from
synovial samples which on histological exam-
ination were found to contain bone fragments
(fig 4) (table 2). The absolute number of
resorption pits and surface area of bone resorbed
was increased in longer term (7-28 day) cultures,
though this phenomenon was not uniform,
possibly indicating individual differences in the
number and nature of bone resorbing cells
seeded onto each bone slice or the viability of
such cells. Analysis of cells cultured on glass
coverslips incubated in parallel with those
which produced lacunar resorption pits on bone
slices after 24 hours and three days showed that
they included osteoclast-like giant cells in the
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cell isolates; such giant cells were tartrate
resistant acid phosphatase positive, calcitonin
sensitive, and did not express CDlla/18 and
CD14. It was therefore concluded that lacunar
resorption pits were formed by osteoclasts or
osteoclast-like cells which had been isolated
from the synovial membrane where they formed
a physiological response to bone and calcific
fragments deposited in the membrane as
products of a degenerative arthritis, either
primary (as in OA) or secondary (as in RA).

In patients with RA and, to a lesser extent,
OA, a second type of bone resorption was
noted. This was first seen in three day cultures
but was most pronounced and of greater extent
in longer term cultures (longer than seven days)
after the cells had been removed with aqueous
ammonia. On these bone slices there were
poorly defined small and large areas of roughen-
ing of the bone surface with exposure of
mineralised collagen fibres (fig 5). These were
commonly found around small and large cells
either isolated or more often in groups, and also
fairly often at the edges of resorption pits. Such
surface roughening or resorption was seen in
cultures derived from all samples from patients

Figure S (A) Superfwuau resorption ofbone surface seen after removal of cells denrvedfrom
synovium ofa patient with rheumatoid arthritis incubatedfor 14 days on bone slices. This
shows an area ofroughening ofthe bone surface without resorption pitformation and
unresorbed bone surface (left). Bar= 10 ltm. (B) Control bone slice on which no cells had been
settled showing smooth bone surface. Bar= 10 [tm.

with RA, including those which did not contain
bone fragments and were thus not associated
with lacunar resorption pit formation. Surface
roughening was more pronounced in cell cultures
derived from patients with RA than in those
from patients with OA, and was particularly
notable in those cultures from patients with RA
containing large numbers of macrophage-like
cells.
The addition of local and systemic hormones

known to stimulate bone resorption (parathyroid
hormone, 1 ,25-dihydroxy vitamin D3, inter-
leukin 1, and prostaglandin E2) did not lead
to an increase in resorption pit formation
in those cultures containing osteoclasts (table
2), nor did the addition of hormones to the
cultures of cells from patients with RA which
did not produce resorption pits on bone slices
induce such cells to form osteoclast-like resorp-
tion pits. Calcitonin did not inhibit either
lacunar or surface resorption. The effect of
hormones on surface roughening was difficult to
evaluate as, although present in all long term
(longer than seven days) cultures of cells
derived from patients with RA, the extent of
such surface resorption varied between different
RA samples and followed no clear pattern of
hormonal stimulation or inhibition.

Discussion
This study has identified and characterised two
forms of bone resorption associated with two
distinct cell types in the RA synovial membrane.
Lacunar resorption pits were seen early in some
cell cultures derived from RA synovium (and all
OA derived synovia) where bone and calcified
fragments were present in the synovium and
these appear to have been due to the presence of
osteoclasts. A low grade type of bone resorption,
characterised by roughening of the bone surface
around mononuclear and multinucleated cells
identified as macrophages and macrophage
polykaryons respectively, was also prominent
in all cultures ofcells derived from RA synovium,
particularly in those incubated for prolonged
periods. Systemic and local hormonal factors do
not appear to influence this low grade bone
resorption greatly.
Most of the phagocytic cells isolated from the

rheumatoid synovial membrane were macro-
phages. These cells adhered to glass cover-
slips,'9 did not respond to calcitonin,'8 ex-
pressed monocyte/macrophage antigens CD68,
CDlla/18, and CD14,'6 and were initially acid
phosphatase positive and tartrate resistant acid
phosphatase negative. Although many of these
mononuclear macrophages fused in vitro to
form tartrate resistant acid phosphatase positive
multinucleated cells, neither multinuclearity
nor tartrate resistant acid phosphatase staining
can be regarded as a reliable marker for
osteoclast differentiation in culture, this being
equally associated with macrophage polykaryon
formation.20 The number of macrophages
isolated from RA synovium was greater than
that from oA synovium and this was reflected
in the increased amount of surface resorption
on bone slices containing cell cultures derived
from RA synovium. Surface resorption was

1227

 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.51.11.1223 on 1 N
ovem

ber 1992. D
ow

nloaded from
 

http://ard.bmj.com/


Chang, Quinn, Demaziere, et al

equally evident in those cell cultures from
RA synovium which did not contain bone
fragments and was more pronounced in longer
term (more than seven day) cultures. These
features indicate that this type of bone resor-
ption is not due to osteoclasts and is a property
of the inflammatory macrophages within the
synovial membrane. Mononuclear phagocytes
bind to mineralised bone matrix.2' There is
considerable indirect evidence, largely from the
release of radiolabelled calcium and proline
from devitalised bone particles, that mono-
cytes,22 macrophages,'0 and their fused
products11 are capable of degrading the organic
and inorganic components of the bone matrix.
Extensive surface resorption by mononuclear
phagocytes may represent the morphological
correlate of this phenomenon. In support of this
there have been several studies which have
shown that macrophages and macrophage poly-
karyons derived from inflammatory lesions and
extraskeletal tumours containing large numbers
of these cells also show this low grade type of
bone resorption.'2 13 23 Stromal cells, such as
fibroblasts and osteoblasts, cultured alone under
similar conditions on bone slices have not been
associated with this phenomenon.'3 2426

Lacunar resorption pit formation on bone
slices appears to have been due to the activity of
a small number of osteoclasts which were
present in our cultures. Osteoclasts were
identified on the basis of their characteristic
response to calcitonin, positive tartrate resistant
acid phosphatase activity in multinucleated cells
present in early cultures, and restricted expres-
sion of macrophage associated antigens. Their
presence in cell cultures derived from four
patients with RA and all patients with OA can
be explained by the fact that synovia derived
from all these patients contained, on histological
examination, bone debris with an associated
osteoclastic response. Such bone particles are
commonly found embedded in the synovium
as a consequence of a primary or secondary
degenerative arthritis.27 Characteristic of osteo-
clastic bone resportion, such lacunar resorption
pits were seen in early (24 hour and three day)
cultures.28 They were not greatly increased in
longer term (more than seven days) cultures,
suggesting that they were due to the activity of a
few osteoclasts in cells from RA and OA
synovium. Although lacunar bone resorption
was formerly regarded as a property of osteo-
clasts alone,29 it has now been shown that
murine monocytes and tissue macrophages
can differentiate in vitro into cells capable of
this specialised function.30 31 This differentiation
of mononuclear phagocytes into high grade
bone resorbing cells takes 14 days to complete,
however, at which time the first resorption pits
are formed. This process is thus unlikely to
account for the resorption pits observed early in
our cultures.

Marginal erosions are a common consequence
of RA; they develop over a variable time span
generally measured in months or years depend-
ing on the joint affected, the stage and severity
of rheumatoid inflammation, and the treatment
administered.32 33 Rheumatoid synovium and
pannus is composed ofa mixture ofinflammatory

cells including numerous mononuclear phago-
cytes5; these consist of subintimal tissue macro-
phages and type A synovial lining cells. Although
the nature of the cells in pannus which cause
articular tissue destruction has not been clarified,
this study has shown that macrophages are
capable of a type of low grade bone resorption.
Individually, macrophages appear to resorb
considerably less than osteoclasts, but collec-
tively their contribution to the osteolysis of
erosive RA is likely to be of quantitative
importance due to the large number of macro-
phages present in the rheumatoid inflammatory
milieu. The fact that such macrophage mediated
bone resorption is not as dramatic as that
associated with osteoclasts agrees well with the
known clinical pattern of development of
marginal erosions in RA.

Osteoclastic bone resorption is nevertheless
evident histologically in erosive RA and is likely
to be the major cellular mechanism accounting
for the development of larger lytic lesions and
rapid erosive changes in advanced RA. This
may be superimposed on a background of low
grade macrophage mediated bone degradation.
Macrophages may also promote osteoclast
mediated bone resorption by secretion of
collagenase by activated macrophages in RA;
this would allow increased osteoclastic contact
with bone mineral, the latter being the stimulus
that initiates osteoclastic bone resorption.34
Inded, the appearance of surface resorption
under a scanning electron microscope is not
morphologically dissimilar to that of the surface
of cortical bone slices after prolonged protease
(trypsin or collagenase) treatment.
Macrophage products known to act as local

mediators in the inflammation and joint
destruction of RA include prostaglandins
and cytokines such as interleukin 1, tumour
necrosis factor a, and transforming growth
factor ,1. 6 33 35 Such local factors are also
known to stimulate osteoclastic bone resorp-
tion.7 8 The fact that interleukin 1 and prosta-
glandin E2 did not obviously upgrade or increase
resorption by macrophages derived from RA
synovium suggests that they do not act directly
on these cells and that their major effect may be
on osteoclastic bone resorption. It is likely that
too few osteoclasts were present in our cultures
to observe such an effect. Moreover, these
factors act indirectly on osteoclasts via the
stimulation of osteoblasts, which would be
absent from our cultures.7 8 For the same
reasons, parathyroid hormone and 1,25-
dihydroxyvitamin D3, systemic hormones
known to affect bone resorption, do not appear
to influence either low or high grade resorption
by cells derived from RA synovium. Calcitonin
is known to inhibit osteoclastic activity and
bone resorption directly, although 'escape' from
its effect does occur. Calcitonin did not affect
macrophage mediated low grade bone resorption
or the high grade lacunar bone resorption of
osteoclasts.
A further possible means whereby macro-

phages could affect lacunar bone resorption
follows from experiments which show that it is
possible for human and murine tissue macro-
phages derived from primary (extraskeletal)
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tumours and inflammatory foreign body lesions
to develop into high grade bone resorbing
polykaryons in an appropriate stromal cell and
hormonal microenvironment.36 37 Clearly, if
such stromal and hormonal elements are present

in rheumatoid pannus then these could promote

a macrophage associated mechanism ofextensive
and rapid bone destruction.
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