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Ultrastructural features of the osteoclasts from
Paget’s disease of bone in relation to a viral aetiology
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summARY The ultrastructure of the osteocytes, osteoblasts, osteoclasts, haemopoietic and other
connective tissue cells was examined in 27 biopsies from 22 patients with Paget’s disease of bone.
Electron microscopy showed characteristic nuclear and cytoplasmic inclusions in the osteoclasts
of all of the 25 biopsies exhibiting histological evidence of Paget’s disease. Such inclusions were
absent from all the other types examined. The intranuclear inclusions consisted of stacked rows
or complex whorls of tubular filaments with an individual filament diameter of 12-15 nm, often
arranged in a paracrystalline array. The frequency of occurrence of inclusions in the osteoclasts
and their individual nuclei measured quantitatively in 18 of the biopsies was related to the
histological severity of the disease process. The similarity of the observed inclusions to those of
paramyxovirus inclusion bodies (particularly measles) support the hypothesis that Paget’s disease

is a slow virus infection.

Paget’s disease of bone has a highly variable geo-
graphical incidence.' In parts of Europe it affects
3-4% of the population over the age of 40.2 The
aetiology of this relatively common disorder remains
unknown. Suggested causes range from Paget’s own
theory of chronic inflammation® to that of a slowly
progressive benign neoplasm (see Singer and Mills*
for a review). The characteristic giant osteoclasts
seen in the early phases of the disease,’ ¢ not seen in
other bone conditions, has led to the view that
Paget’s disease is primarily due to osteoclast dys-
function. Indeed ultrastructural abnormalities in
osteoclasts first reported by a group of French work-
ers,” led them to suggest a slow viral infection as a
possible aetiology.® There is, however, some con-
troversy concerning both the nature of the inclusion
bodies and their specificity for osteoclasts, suggest-
ing that fixation and processing artefacts may com-
plicate such investigations. These problems stimu-
lated us to investigate the ultrastructural abnor-
malities in our patients with Paget’s disease.

Materials and methods

Twenty-seven biopsies were examined from 22
patients aged 44-86 y. All had radiographic,
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biochemical and clinical evidence of Paget's disease.
Twenty-five of the 27 biopsies had histological evi-
dence of disease, with increased numbers of giant
osteoclasts, increased proportions of trabecular
bone surfaces occupied by osteoblasts as well as
marrow fibrosis and a mosaic pattern in trabecular
bone (Fig. 1). Two biopsies showed normal bone:
Osteoclasts were not seen but all the other bone cell
types were noted. Twenty-four of the biopsies were
iliac trephine biopsies varying from 4-7 mm in
diameter and 5-10 mm in length. The other three
were a necropsy specimen of skull and open surgical
biopsies of humerus and pubis. These two surgical
biopsies came from patients with Pagetic osteosar-
coma and samples of the neoplastic tissue were also
examined. Five biopsies were taken after the
patients had received either calcitonin* or diphos-
phonate' therapy for their Paget’s disease but all five
still had evidence of active disease.

LIGHT MICROSCOPY

The biopsies were fixed in phosphate-buffered 10%
(volivol) formalin at pH 7-4 followed by slow
decalcification in disodium ethylenediaminetetra-
acetic acid (EDTA) at pH 6-8 for 10-14 days. They
were then processed through to paraffin wax and 5
pm sections cut and stained with haematoxylin and
eosin (H & E). Further 5 um sections were also
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stained with phloxine tartrazine and Mann’s and
Lepine’s methods according to Gurr.® The H & E
sections of 25 biopsies exhibited stage 2 disease
(lysis and regeneration) on Collin’s criteria.’ At this
point the severity of the disease on representative H
& E sections was graded semiquantitatively on a
four point scale on the basis of osteoclast and
osteoblast numbers, marrow fibrosis, vascularity,
residual normal bone or haemopoeitic tissue and the
presence or absence of a mosaic pattern.

ELECTRON MICROSCOPY

Areas containing osteoclasts, osteoblasts, osteocytes
and other marrow cells (including residual
haemopoietic foci or fibrotic Pagetic marrow) were
marked at light microscopy on the last representa-
tive H & E section cut and the corresponding area
removed from the block to a depth of 1-2 mm using
a sharp razor blade. These were trimmed to a max-
imum size of 4 X 6 mm, dewaxed in xylene, rehy-
drated using decreasing concentrations of alcohol
and placed in a cacodylate buffer at pH 7-4 adjusted
by sucrose to 300 mmol’kg. The tissue was then
postfixed in 1% osmium tetroxide for 1-5 h, passed
through increasing concentrations of alcohol (to
100%) and propylene oxide before embedding in
Emix resin. Final embedding was in Taab 8 mm
flat-bottomed capsules with polymerisation over-
night at 60°C. Excess resin was removed from the
block, 1 um sections cut and stained in 1% toluidine
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Fig. 1 An example of typical Paget’s
disease of bone (graded 4 +) seen in the
study. Haematoxylin and eosin x 80

blue and 1% sodium tetraborate, for the final selec-
tion of areas for EM.

Thick sections (80 nm) were cut for EM using a
Reichert Ultracut and glass knives. These sections
were stained with uranyl acetate in 50% ethanol
solution and Reynolds (1963) lead citrate solution.'®
All the sections were viewed in an AEI Corinth 500
transmission electron microscope at an acceleration
voltage of 60 kV.

QUANTIFICATION

In 18 of the 25 diseased biopsies the osteocytes,
osteoblasts, osteoclasts and other cells present in
1-4 EM grids prepared from representative areas of
the paraffin embedded blocks (above) were counted
by one observer. The percentage of cells and nuclei
containing inclusion bodies was recorded.

Results

ULTRASTRUCTURE OF INTRANUCLEAR
INCLUSIONS

Electron microscopy revealed characteristic
tubulofilamentous intranuclear inclusions in the
osteoclasts of all of the 25 biopsies with histological
evidence of Paget’s disease. These inclusions con-
sisted of stacked parallel rows or complex whorls of
individual filaments often arranged in a compact
paracrystalline fashion surrounded by a clear halo of
less electron-dense material. The filaments were
12-15 nm in diameter with a central lucent zone 5-7
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nm in diameter. Clustered filaments seen end on
revealed a regular spatial organisation and the inclu-
sions were often associated with electron-dense
deposits of fibrillar material. Inclusions could not be
seen on the 5 um H&E, Mann’s, Lepine’s or phlox-
ine tartrazine-stained sections even using oil immer-
sion. They could, however, be identified by light
microscopy in the 1 um sections stained with
toluidine blue prepared for EM (Fig. 2). Low power
EM (Xx1500-x3000) was sufficient to show most
inclusions (Fig. 3) but higher magnification revealed
the finer detail (Fig. 4) as well as the variability of
these structures (vide supra).

INCIDENCE AND SPECIFICITY OF INTRANUCLEAR
INCLUSIONS

Inclusions were present in 56-100% (mean = 85%)
of the osteoclasts present in each section examined
by EM and in 13-64% (mean = 34%) of their indi-
vidual nuclei (Fig. 5). They occupied from 15-75%
of the nuclear cross-sectional area. These structures
were not seen in any other type examined (osteo-
blasts, fibroblasts, endothelial cells, mononuclear
precursor and residual haemopoietic cells) and
therefore appeared specific to the osteoclast.

INTRACYTOPLASMIC INCLUSIONS

Intracytoplasmic inclusions were seen in 30-40% of
the Pagetic biopsies. The dimensions and morphol-
ogy of these inclusions were similar to the nuclear
inclusions but they were not structured in a para-
crystalline manner and usually consisted of
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Fig. 2 Oil immersion light microscopy
showing inclusions in four out of 16
nuclei. Toluidine blue. Original
magnification X 800

haphazard aggregates or stacks of separate filaments
(Fig. 6).

HISTOLOGICAL GRADING COMPARED WITH
INCIDENCE OF INCLUSIONS

There was a significant relation between the number
of affected nuclei in each biopsy and the histological
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Fig. 3 Low power EM showing inclusions in two nuclei
(arrowed). Seven out of 19 nuclei in the cell showed
inclusions. Uranyl acetate and lead citrate X 3000
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grading of disease severity (Fig. 7). This finding can-
not be explained simply by an increased number of
osteoclasts per unit sectional area in the more
severely affected biopsies as the proportion of
affected nuclei was increased. As all 25 biopsies
exhibited stage 2 disease, the corollary exercise
relating inclusion body load to disease stage could
not be performed (but see discussion). There was no
correlation between the serum alkaline phosphatase
and the incidence of inclusions in the biopsies.

EFFECT OF ANTIPAGETIC THERAPY

Treatment with calcitonin reduced the number of
osteoclasts present in bone sections (cf Williams CP
et al'') but did not affect the morphology or preval-
ence of the inclusions present. Treatment with the
diphosphonate dichloromethylene diphosphonate
reduced the number of osteoclasts and caused
osteoclast degeneration (cf Alexandre CM et al'?) in
the patient examined. Inclusions, however remained
identifiable.

ARTEFACTS RESEMBLING INCLUSION BODIES
Discrete intranuclear structures consisting of
electron-dense material were also seen in several
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Fig. 4 A typical paracrystalline
inclusion forming a ‘“‘thumbprint”’
pattern characteristic of
paramyxoviruses. The central
lucent zone is seen here. Uranyl
acetate and lead citrate. Original
magnification X 30 000

cases. On low magnification EM they bear a superfi-
cial resemblance to the particular inclusions
described earlier (Fig. 8). Higher magnification (Fig.
9) revealed the haphazard appearances of such mat-
erial, distinctly different from those of the specific
inclusions described. These irregular structures may
represent some specific, as yet poorly characterised,
nuclear abnormality. It is possible however that they
may be, more simply, processing or tissue artefacts
as similar appearances have been observed not only
in, other bone disorders but also in a wide range of
non-skeletal tissues examined by EM in the same
way.

Discussion

The presence of characteristic ultrastructural
abnormalities in osteoclasts from Paget’s disease
was first described by Rebel ef al” and subsequently
confirmed by others.’*”!* They are unlikely to be
prenecrotic or processing artefacts, or elements of
the centriole bodies;'*'¢ nor do they show features
and dimensions described for intracellular
myofibrils.!” Goniometric observations have shown
them to be distinct tubulofilamentous entities with
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Fig. 5 The incidence of inclusions in the osteoclasts of 18
quantified Pagetic biopsies

uniform longitudinal and transverse filaments
exhibiting a regular periodicity, irrespective of the
overall three-dimensional pattern.'®

We have shown that diseased Pagetic bone biop-
sies consistently contain these characteristic inclu-
sion bodies. They are confined to osteoclasts. In our
study we found a greater proportion of osteoclasts
containing inclusions (56-100%) and nine of the 18
biopsies quantified had inclusions in every osteoclast
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examined. This contrasts with a lower prevalence
reported by Mills and Singer'* which may reflect dif-
ferences either in techniques or patients in the two
studies. Gherardi et al'® described two types of cyto-
plasmic inclusion, which, in their series of eight
biopsies were present only in the three patients with
the most active disease, as judged by the serum
alkaline phosphatase and histological appearance of
bone. We observed similar cytoplasmic inclusions in
several of our biopsies but these were not confined
to the most severely affected cases. We have, how-
ever, shown that the prevalence of inclusions within
nuclei may be related to the histological severity of
the disease (Fig. 7) suggesting that the severity of
the disease in any local area of bone may be related
to the osteoclastic load of inclusion bodies. The
absence of a correlation between the serum alkaline
phosphatase and the biopsy inclusion load does not
detract from the use of this enzyme as a marker for
overall skeletal disease severity, especially as it
reflects the overall osteoblastic rather than osteo-
clastic component of the disease. We have previously
studied the specificity of these inclusion bodies for
Paget’s disease by examining bone biopsies from a
wide range of bone disorders.” This suggests that
the inclusions are highly, though not absolutely,
specific for this disease. We and others?*** have
noted similar inclusions in the osteoclasts of a few
cases of giant cell tumour but with a much lower
prevalence, whereas the presence of inclusions in
Paget’s disease is highly consistent. This has led us to
use the presence of these inclusions in large num-
bers, in conjunction with light microscopy radiog-
raphic and clinical features, as an aid in the diagnosis
of atypical bone disease.?” Results from our study on
the diagnostic potential of the described inclusions
(to be published) suggest the absence of a relation
between inclusion load and the stage of the disease.
This exercise could not be done during the present
study, which related inclusion load to disease sever-
ity, due to the uniformity of the histological staging
in the 25 biopsies; (an association between inclusion
load and histological staging is, still however, being
investigated).

VIRAL AETIOLOGY OF PAGET’S DISEASE

The presence of these inclusions in all cases of
Paget’s disease has led to the suggestion that it may
be a slow viral disease® analogous to subacute
sclerosing panencephalitis (SSPE) and canine dis-
temper. The individual filaments in the inclusions
have a marked resemblance to naked measles
virus.?* The inclusion bodies seen on EM are mor-
phologically identical to those present in known
paramyxovirus infections in vitro** and in vivo.?
The presence of cytoplasmic and nuclear inclusions
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is a common feature of many related viruses, par-
ticularly measles.?*

Attempts to establish a viral aetiology for Paget’s
by serological, immunological and tissue culture
virus retrieval techniques have met with limited suc-
cess so far. Also, several centres including ourselves
have so far failed to demonstrate a raised comple-
ment fixing antiviral antibody for measles in patients
with Paget's disease. Only one of 19 patients
screened by us had a raised antimeasles titre, a pre-
valence similar to that in age-matched controls. In
contrast, raised antimeasles antibodies are present
in patients with SSPE both in serum and in CSF.?
The causative agent of SSPE has also been success-
fully isolated, examined ultrastructurally and shown
to be measles or a closely-related virus.?’~? Though
Mills et al*® have shown in long-term culture of bone
explants from Paget’s patients multinucleate cells
with all the physiological features of osteoclasts,
some even containing the typical inclusion bodies
already described, attempts to isolate and transfer
the virus have been unsuccessful. We are using simi-
lar techniques with some variations, to try and
demonstrate the infectious nature of these inclu-
sions. Further progress in this particular area will
nevertheless be complicated by the absence of a
suitable laboratory animal model for Paget’s dis-
ease. Perhaps virus hybridisation techniques, used
for example in the study of herpes simplex and car-
cinoma of the cervix,’' may yield results.
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Fig. 6 An osteoclast
containing an intranuclear and
intracytoplasmic inclusion
(latter arrowed). Urany! acetate
and lead citrate. Original
magnification X 5000

The presence of specific measles antigen have
been shown in the Pagetic osteoclasts®? using the
immunoperoxidase technique.’® Together with the
morphological appearances of the inclusions this
strongly suggests that the inclusions comprise ele-
ments of measles paramyxovirus. However, others
using immunofluorescence suggest that the particles
contain instead, respiratory syncytial virus antigens
(RSV).* It is notable that RSV is another of the
paramyxovirus group which shares many mor-
phological similarities.

EPIDEMIOLOGICAL CONSIDERATIONS
Is the proposed viral aetiology compatible with the
known epidemiology of Paget’s disease?'*~*

The prevalence of acute measles does not match
the geographical distribution of Paget’s disease.
Thus Paget’s disease is very rare in Scandinavia but
is common in Lancashire?* whereas the two regions
have an equally high incidence of measles. This
observation together with the absence in affected
patients of specific antiviral antibodies has been held
against a viral aetiology.

The absence of antiviral antibodies may be due to
methodological problems in recognition, particu-
larly if a viral moiety is involved. It is also possible
that a specific infection of the osteoclast itself may
preclude an immune response; the osteoclast is an
amitotic multinucleate cell formed by the fusion of
marrow derived monocytes.>® The predilection of
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Paget’s disease for certain bones of the skeleton has

been explained by a circulating, blood-borne agent

and is in keeping with a viral aetiology.*’
Inconsistencies between the geographical

epidemiology of Paget’s disease and measles and
those in immunohistochemistry could be explained
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Fig. 8 Low power EM demonstrating an intranuclear
artefact mimicking a virus like inclusion (arrowed). Uranyl
acetate and lead citrate X 5000

by implicating several aetiological factors, one of
which is an osteoclastic virus. The virus could be
regarded as an acquired endogenous factor (measles
or RSV) when other external (exogenous) factors
may act, possibly over years or decades, to lead to
expression of the disease itself. These exogenous
factors might include abnormal concentrations of
trace elements in the local water supply, as already
considered by Barker et al in relation to Paget’s dis-
ease® and recently invoked by Triger as a factor in
the aetiology of primary biliary cirrhosis.*® The con-
cept of an infectious agent and a second (or several)
cofactors in disease pathogenesis is not novel.>

Fig. 9 High magnification demonstrating the structureless nature of the low power inclusion seen in Fig. 8. Uranyl acetate

and lead citrate X 20 000
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BONE TUMOURS AND PAGET'S DISEASE

It is interesting to speculate on the aetiological
associations of Paget’s disease and its neoplastic
complications® of giant cell tumour (osteoclastoma)
and osteosarcoma.

Identical paramyxovirus inclusions are inconsis-
tently present, with a lower cellular prevalence in
the giant cell tumours of non-Pagetic patients.??!
Though filamentous inclusions have been reported
in some osteosarcomas,*’ they are different mor-
phologically and morphogenically to those in Paget’s
disease and giant cell tumours. An increased anti-
measles antibody titre absent in giant cell tumours
and Paget’s disease is noted in osteosarcoma.*
There is also epidemiological evidence for an infec-
tious agent in the pathogenesis of the latter.*!+2
Considering these three diseases it is possible that
the timing of the initial exposure to a common infec-
tious agent may determine, after the action of other
factors, whether an individual develops adolescent
osteosarcoma, giant cell tumour of adulthood or
Paget’s disease in later life. A model for a similar
mechanism has already been proposed for Hodg-
kin’s disease.** After resection of giant cell tumours
do patients have an even higher incidence of Paget's
disease compared to the non-tumourous popula-
tion? Do Paget’s patients who develop giant cell
tumours or osteosarcoma then develop high titres of
specific antimeasles antibody? It will be of interest
to note the effect on the frequency of these diseases;
firstly of antimeasles innoculation programmes, and
secondly following measles epidemics in isolated
communities—for example, that recently reported
in the Shetlands.*

There is therefore some morphological and
immunohistochemical evidence for a viral aetiology
of Paget’s disease and further studies may also shed
light on the aetiology of associated neoplasms.
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