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Relationship between iron deposits and tissue
damage in the synovium: an ultrastructural study
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SUMMARY A detailed ultrastructural study was made of the synovial iron deposits in cases of
haemophilic synovitis (HS), pigmented villonodular synovitis (PVNS), rheumatoid arthritis
(RA), osteoarthritis (OA), seronegative inflammatory arthritis (SNA), and in controls, to
investigate the relationship between iron deposits and tissue damage. Iron was seen by electron
microscopy in about 75% of synovial lining cells in HS and PVNS but only in about 25% of
synovial cells from cases of RA and SNA. In cases of OA and in controls iron deposits were
scarce. The iron was usually deposited within pleomorphic siderosomes and in HS was most
common in type A synovial cells. In contrast, deposits in all other cases were more common in
type B cells, which were frequently the predominant cell type, and siderosomes were smaller,
more homogeneous, and were more common in deeper synovial tissue. Considerable tissue
damage was noted in the vicinity of iron rich siderosomes in synovial A cells from cases of HS,
but such deposits in B cells in the synovium from the other cases had relatively little effect. We
discuss the possibility that such differences directly reflect the differing functions of type A and B
synovial cells, and particularly their relative ability to produce metabolically active oxygen
metabolites with tissue destructive potential in the presence of iron.

Key words: synovial ultrastructure, haemophilic synovitis, pigmented villonodular synovitis,
rheumatoid arthritis, osteoarthritis, free radicals.

Considerable quantities of iron are present in the
synovial membrane of patients with rheumatoid
arthritis (RA),1-4 haemophilic synovitis (HS),>7
and pigmented villonodular synovitis (PVNS).8 9 In
rheumatoid arthritis clinical and biochemical evi-
dence has suggested that such deposits are of
considerable importance in determining the chronic-
ity of the inflammatory response.10 11 Toxic hy-
droxyl radicals produced from superoxide and hy-
drogen peroxide in the presence of iron catalysts'2
have the ability to attack and destroy cell mem-
branes, DNA, and other cell constituents.13 14 Also,
both free iron and iron saturated ferritin, the
intracellular iron storage protein, are able to stimu-
late lipid peroxidation in vitro and hence have the
potential to disrupt lysosomal membranes and re-
lease tissue destructive hydrolytic enzymes in vivo.
We have therefore made a detailed ultrastructural
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study of synovial tissue from both inflammatory and
non-inflammatory joint disease to assess whether
there is (a) any morphological evidence of tissue
damage in association with iron deposits and (b) any
difference in distribution and morphology of iron
deposits in inflamed and non-inflamed synovium.
Materials and methods

Synovial membrane was obtained at synovectomy
from four cases of haemophilic synovitis (HS), two
cases of pigmented villonodular synovitis (PVNS),
and from four cases of osteoarthritis (OA) during
hip replacement surgery. Closed needle biopsy
specimens'6 of synovial membrane were obtained
from nine patients with seronegative arthropathies
(SNA) associated with a clinical diagnosis of
Crohn's disease (three cases), Reiter's syndrome
(two cases), and single cases of Whipple's disease,
Behqet's disease, ankylosing spondylitis, and
Wegener's granulomatosis. Needle biopsy speci-
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mens of rheumatoid synovial membrane were also
studied from 10 cases of classical disease as defined
by the American Rheumatism Association, all being
seropositive, with Rose-Waaler titres varying from
1/32 to 1/512. Control synovial tissue was obtained
at meniscectomy from six individuals without joint
disease.

ELECTRON MICROSCOPY

Synovial tissue (1 mm3) was fixed in 2-5% (v/v)
glutaraldehyde in 0-1 M cacodylate buffer (pH 7-4)
at 4°C as soon as possible after removal from the
patient. Postfixation was carried out with 2% (w/v)
aqueous osmium tetroxide at 40C, followed by
dehydration in graded alcohols and embedding in
Spurr's resin. Ultrathin sections were cut on a
Reichert OM-U2 ultramicrotome and viewed in a
Siemen's Elmiskop 102 electron microscope after
contrast with lead citrate and uranyl acetate. A
minimum of 50 synovial lining cells were examined
in random sections cut from each biopsy specimen,
and the percentage of type A and B cells in which
siderosomes were present was noted. Thicker (0.5
im) sections were cut and analysed for iron content
by electron probe microanalysis in a Jeol JEM
1200-EX electron microscope with computerised
analytical facilities, as described previously.7 For
this study the technique was used qualitatively to
confirm the presence of iron in synovial cells.
Statistical analysis was carried out by Student's t
test.

Results

SIDEROSOME STRUCTURE
Electron dense deposits shown to be rich in iron by
electron microscopic x-ray microanalysis were pre-
sent within lysosomal bodies (siderosomes) in the
synovial cells of all the cases studied, but whereas
the number of synovial lining cells (Table 1)
containing siderosomes varied between 70 and 90%
in cases of HS and PVNS, the percentage of such
cells present in RA and SNA was only 15-40%. Iron
deposits were scarce in cells from OA and normal
synovium (<10%). In HS iron deposits were present
in synovial lining cells as pleomorphic bodies of
varying electron density (Fig. 1) and tended to
increase in size and electron density in deeper
synovial tissue (Fig. 2). The siderosomes in PVNS
were smaller, more homogeneous, and tended to be
more common in the deeper synovial lining cells
(Fig. 3). They never showed the concentric shell
structure typical of synovial siderotic deposits in the
deeper synovial lining cells and subsynovial macro-
phages in HS (Fig. 2). Sidersomes in RA and SNA
were very similar in structure and location to those

of PVNS, tending to be most commonly found in
deeper synovial lining cells (Fig. 4). Iron deposits in
OA and normal tissues though relatively uncommon
did not seem to be located in specific areas of the
synovial tissue. They were usually discrete and
frequently associated with subcellular organelles,
particularly mitochondria (Fig. 5).

RELATIONSHIP OF SIDEROSOMES TO CELL

STRUCTU RE

There was considerable tissue damage in the im-
mediate vicinity of siderosomes in HS, particularly

Table 1 Analysis of total numbers of synovial cells
containing deposited iron (total cells), and their
AIB cell type expressed as mean percentages ± standard
deviation

Disorder A cells B cells Total cells

HS 85± 10** 15+10* 80±10*
PVNS 20±+15 80+15 75+ 5*
RA 1()+10 90(+10 30±10
SNA 10+ 5 90+ 5 25+10
OA - 100 <10
Control 100 <10

HS A/B percentages are significantly different (**p<0-001) from
all other disorders. Total cells containing iron are significantly
greater (*p<0)001) in HS and PVNS than in other disorders and
controls.

Fig. 1 Electron micrograph ofsynovial lining cells from a
case ofhaemophilic synovitis. These are collections of
electron dense siderosomes in synovial A cells, many of
which are surrounded by areas of tissue lysis (arrows)
sometimes containing fibrillary material and membranous
profiles. Section contrasted with lead citrateluranyl acetate.
Scale line=2 Msm.
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in the lining cell layer (Fig. 1). Electron dense iron
deposits were surrounded by halos of tissue lysis,
often associated with mitochondrial destruction and
damaged endoplasmic reticulum. This was most
obvious for those highly electron dense deposits
found to be richest in iron on x-ray microanalysis.7
The tissue destruction associated with less dense
deposits, consisting essentially of ferritin with only
small iron loading, was much less obvious. How-
ever, in PVNS, RA, and SNA large accumulations

of iron had much less effect on the surrounding cell
structure (Figs 3 and 4), associated mitochondria
and endoplasmic reticulum being well preserved. It
was noticeable that in these cases iron was deposited
in cells with prominent rough endoplasmic reticulum
which were of the synovial B cell type, whereas the
deposits in HS were mostly in synovial A cells
(Table 1). The small deposits of iron found in the
cases of OA and in the normal synovium were also
most often associated with apparently normal B cells

Fig. 2 Electron micrograph of
siderosomes in deep synovial
macrophages from a case of
haemophilicsynovitis. The
siderosomes have a typical
concentric laminated structure and
sharply delineated areas of lysis
(arrow heads). Lead citrate/uranyl
acetate. Scale line=2 im.

Fig. 3 Electron micrograph of
synovial B cells from a case of
pigmented villonodular synovitis,
containing rounded siderosomes.
There is minimal tissue damage
adjacent to the iron deposits. Lead
citrate/uranyl acetate. Scale

line=2ium.
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Fig. 4 Electron micrograph of the
synovial lining cell layerfrom a
case ofrheumatoid arthritis. The
rather angular siderosomes in the B
cells produce little tissue response.
Lead citrateluranyl acetate.
Scale line=2 gm.

Fig. 5 Electron micrograph ofa synovial lining B cell
layerfrom a case of osteoarthritis. Iron deposits (arrow
heads) are discrete and are often associated with
mitochondria as in this photograph. There is no tissue
damage. Lead citrateluranvl acetate. Scale line=0 2 ,m.

(Fig. 5). It was noticeable that in cases with B cell
iron deposition this cell type was the most common
in the svnovial tissue.

It might be suggested that areas of tissue damage
associated with siderosomes are an artefact pro-
duced by differential shrinkage during fixation or by
tearing during section cutting as a result of differ-

ences in hardness between siderosomes and sur-
rounding tissues. This is, however, unlikely, since
tissue damage is not present in association with all
cell iron deposits and areas of damage contain well
defined membranous structures and filamentous
deposits. Section cutting artefacts do occur, but
areas of damage are seen as empty 'holes' in the
tissue.

Discussion

Of the cases studied, the synovial cells from
haemophilic synovitis and pigmented villonodular
synovitis were by far the most likely to contain
deposited iron but showed a contrasting tissue
reaction to those deposits. Whereas there was a
considerable amount of damage to tissue and
organelles in the vicinity of siderosomes in
haemophilic synovitis, no such severe changes were
noted in the synovial cells from cases of PVNS. This
is surprising in view of the fact that the iron deposits
in both HS and PVNS may well be derived from the
breakdown of erythrocytes phagocytosed from re-
peated bleeding into the joint space.57-9 Also, iron
deposits in both diseases are associated with large
quantities of ferritin, which is highly iron saturated7
and would be expected to promote free radical
damage'3 14 and consequent tissue and organelle
breakdown. There is, however, a marked difference
in the type of cells storing iron in the two diseases,
the cells being mainly of type A in our cases of HS
and of type B in PVNS, as described by several
others9 17-19 and confirmed in the present study.
The macrophage-like morphology and phagocytic
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role of type A synovial cells have been well
documented,2'}25 and phagocytic cells such as neut-
rophils and macrophages have the ability to produce
oxygen metabolites2529 with a tissue destructive
potential,30 31 a process accelerated by the presence
of iron.32 33 Fibroblastoid cells do not appear to
have this potential, and since synovial B cells are
morphologically of this type,34 there would be no
iron promoted free radical tissue damage in their
cytoplasm. There is some evidence that synovial B
cells are capable of phagoc'tosis, but this is by a
process of micropinocytosis 5 and should not pro-
duce oxygen radicals. Such a contrasting physico-
chemical reaction to cytoplasmic iron deposits in
type A and B synoviocytes would not only explain
the lack of iron related cell organelle damage in
cases of PVNS but also similar findings in synovial
cells from cases of SNA, RA, and OA where the
iron containing cells are also mainly of type B.
These observations in our cases of RA contradict
those made previously. In two light microscopic
studies both Ogilvie-Harris and Fornaiser4 and
Blake et al.'1 noted that Perls' positive material was
present in macrophage-like cells. In the former
study no indication was given as to how such cells
were defined, though in the latter they stained
positively with muramidase (lysosyme) but less
strongly with antitrypsin or chymotrypsin. However,
Blake et al. 1' also noted that Perls' positive material
and apoferritin did not codistribute well and
suggested that rheumatoid synovial macrophages
might occasionally fail to generate an appropriate
apoferritin response.
The apparent dominance of the type B cell as a

storer of iron in many of the diseases studied may
therefore reflect either the rapid uptake of iron into
apoferritin by type A synoviocytes, with concom-
itant cell damage and breakdown by processes of
free radical damage, or the failure of an apoferritin
response, with subsequent precipitation of in-
tracellular proteins by iron, and cell death. This
would tend to cause the increase in the B cell
population noted in all our cases except HS and by
others in RA35 36 unless defunct cells were replaced
by a rapid proliferative process as seen in the HS
synovia. It is interesting that a case of HS with
decreased cellularity described by Ghadially5 con-
tained mainly iron filled B synovial cells.
Another explanation for our results is that syno-

vial cells may change their function, with a transition
from an A to B cell morphology as a result of
inflammation,37 and this may also be the case during
local iron overload. Though A and B cells can be
defined as distinct cell types at an electron microsco-
pic level, there is no evidence that they derive from
different stem cell populations. It may be that the

different morphology merely reflects the different
functions being performed at the time of biopsy.38
The failure of an apoferritin response or the failure
of iron to be incorporated into apoferritin might
then be responsible for both a change in morphology
and in functional status. As it is the synovial B cells
that generate prostaglandin E, with the capacity to
cause local bone resorption, this hypothesis would
explain both the local erosive damage of PVNS,
RA, and SNA and the relative lack of it in HS, and
the apparent correlation between the amount of iron
in the synovium and the extent of erosive damage.39
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