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Immunophenotype of multinucleated and
mononuclear cells in giant cell lesions of bone and
soft tissue

I A Doussis, B Puddle, N A Athanasou

Abstract
Aims: To compare the antigenic phen-
otype of giant cells in giant cell lesions of
bone and soft tissue with that of osteo-
clasts and macrophage polykaryons.
Methods: Formalin fixed, paraffin wax
embedded sections of 106 giant cell
lesions, 19 granulomatous, and 14 osteo-
clast containing lesions were immuno-
histochemically stained for leucocyte
common antigen (LCA), CD68, and HLA-
DR.
Results: Osteoclasts and giant cells of
giant cell tumour of bone and giant cell
reparative granuloma could be distingui-
shed by their generalised absence ofHLA-
DR reaction from macrophage poly-
karyons and giant cells in other giant cell
lesions of bone and soft tissue. Staining
for LCA, CD68, and HLA-DR was useful
in distinguishing reactive histiocytic
giant cells and osteoclasts from tumour
giant cells.
Conclusions: A panel of macrophage
associated antigens should be diagnos-
tically useful in differentiating the histo-
logical nature of giant cells in various
giant cell lesions of bone and soft tissue.
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Many bone and soft tissue tumours and
tumour-like lesions are characterised by the
presence of a variable number of multinu-
cleated giant cells. Diagnosis of these giant cell
lesions, in particular those arising in bone, is
based on an evaluation of the clinical history of
the patient, together with the radiological and
histological findings. Giant cell lesions are
often difficult to differentiate using conven-
tional histological methods as they can exhibit a
variety ofmorphological appearances and, with
the common feature of numerous osteoclast-
like giant cells may closely resemble each other.
In some cases even distinction between benign
multinucleated giant cells and malignant
tumour giant cells cannot be made with
certainty.
The designation of the diagnosis of giant cell

tumour of bone to other giant cell lesions was

originally identified as a problem by Jaffe et al.'
Since then, several efforts have been made to
understand the pathogenesis as well as the
nature and origin of the giant cells present in
these lesions. On the basis ofhistochemical and
ultrastructural similarities, the giant cells in
giant cell tumour of bone were thought to be
derived from fusion of the mononuclear
stromal cells, which include proliferating
tumour cells.2' Further studies, including

immunohistochemical investigations, how-
ever, have shown that the giant cells resemble
osteoclasts and are distinct from proliferating
stromal cells56; on this basis, they have been
considered to be part of a cellular reaction in
bone to various types of pathological insult.7
The origin and nature of the giant cells in other
giant cell lesions of bone and soft tissue is also
unclear.8
We recently characterised the immunophen-

otypic differences that exist between osteo-
clasts and macrophage polykaryons.9 Human
fetal osteoclasts express a highly restricted
range of macrophage antigens; foreign body
associated macrophage polykaryons have an
antigenic phenotype which is similar to that of
tissue macrophages. One notable difference
between these two giant cells is the expression
of HLA-DR on foreign body macrophage
polykaryons and its absence on osteoclasts.

Methods
Paraffin wax blocks of 106 cases of giant cell
lesions of bone and soft tissue were retrieved
from the files of the Nuffield Orthopaedic
Centre and John Radcliffe Hospital (table).
Positive controls for osteoclasts comprised 14
cases containing osteoclasts along resorbing
bone surfaces; these were derived from
specimens ofosteoarthritis of the femoral head,
fracture callus, and biopsy specimens ofhyper-
parathyroid bone disease. For macrophage

HLA-DR staining of osteoclasts, macrophage
polykaryons, andgiant cells ofgiant cell lesions of bone
and soft tissue

Lesion (No studied) HLA-DR

Macrophage polykaryon lesions:
Foreign body reaction (6) +
Tuberculosis (5) +
Sarcoidosis (4) +
Gout (2) +
Giant cell arteritis (2) +

Osteoclast lesions:
Osteoarthritis (10)
Fracture callus (2)

Giant cell lesions of bone and soft tissue:
Hyperparathyroidism (2)
(Brown tumour)
Osteomyelitis (12) +
Giant cell tumour of bone (16) (± *)
Giant cell reparative granuloma (10) (+ *)
Benign chondroblastoma (6) +
Chondromyxoid fibroma (4) +
Fibrous dysplasia (7) +
Aneurysmal bone cyst ( 11) +
Non-ossifying fibroma (8) +
Telangiectatic osteosarcoma (4) +
Eosinophilic granuloma (4) +
Benign fibrous histiocytoma (6) +
Giant cell tumour of tendon sheath (16) +

+ > 50% of giant cells positive; - no reaction; (+ *) Weak
staining of < 10% of giant cells noted in three of 16 cases of
giant cell tumour of bone and two of 10 cases of giant cell
reparative granuloma of the jaw.
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polykaryons, positive controls were derived
from 19 extraskeletal, soft tissue gran-
ulomatous lesions containing numerous
macrophage polykaryons (tuberculosis, sar-
coidosis, gout, giant cell arteritis and foreign
body reaction).

All specimens had been fixed in formalin for
at least 24 hours; specimens containing bone or
calcified material had been fully decalcified in
strong acid (5% HNO3, 10% HC1/EDTA, or
5% trichloroacetic acid) for a variable period of
time (about six to 48 hours), depending on the
amount of calcified material within the lesion
and the size of the specimen.processed. Blocks
had been embedded in paraffin wax and routin-
ely processed for haematoxylin and eosin stain-
ing. Sections (5 um thick) from these blocks
were mounted on silane covered slides. These
were stained by an indirect immunoperoxidase
technique, as previously described.'0 Before
immunostaining with monoclonal antibodies
KP1 and CR3/43, sections were digested with
trypsin (0-i% trypsin; Sigma T-8128) at 37°C
for 20 minutes. Negative controls consisted of
substitution of antibody alone for primary
antibody as well as parallel immunostaining
with an irrelevant antibody, CAM 5-2, directed
against cytokeratin intermediate filaments."
Monoclonal antibodies used in this study

were PD7/26,'2 directed against leucocyte com-
mon antigen (LCA), KPl,'3 directed against
CD68, a macrophage-associated antigen, and
TAL IB5'4 and CR3/43,'5 both directed against
HLA-DR. These antibodies were used un-
diluted in this study. They are known to work
satisfactorily in tissue sections derived from
specimens which have been formalin fixed
(with or without decalcification), routinely
processed, and paraffin wax embedded.'6 17

In each giant cell lesion the number of giant
cells expressing HLA-DR was determined by
counting the reaction of 300 giant cells in three
different fields (100 giant cells per field) in
serial sections after staining with antibodies
Tal 1B5 and CR3/43. Differences in the num-
ber of HLA-DR positive giant cells in some
giant cell lesions was noted using these two
antibodies but this did not vary by more than
5% between them; as assessed by either
antibody, osteoclasts did not express HLA-
DR. Results have been expressed semiquanti-
tatively in the table to take into account this
variability and to provide a ready guide which
will allow osteoclasts and giant cells, giant cell
tumour of bone, giant cell reparative granu-
loma, and brown tumour to be differentiated
from macrophage polykaryons and giant cells
in other giant cell lesions. In general, we found
that Tal 1B5 reacted with fewer mononuclear
cells and giant cells than CR3/43 in sections
of decalcified routinely processed bone
specimens.

Results
EXPRESSION OF LEUCOCYTE/MACROPHAGE
MARKERS ON OSTEOCLASTS, MACROPHAGE
POLYKARYONS, AND GIANT CELLS OF GIANT
CELL LESIONS (table)
All osteoclasts, macrophage polykaryons, and
giant cells from the bone and soft tissue giant

cell lesions studied showed strongly positive
membrane staining for LCA, and cytoplasmic
staining for CD68 (macrophage associated
antigen). All macrophage polykaryons and
most mononuclear cells from all the gran-
ulomatous conditions examined strongly
expressed HLA-DR (fig 1A), as did giant cells
in all cases of benign fibrous histiocytoma and
giant cell tumour of tendon sheath (table).
HLA-DR staining was not seen in osteoclasts
found on the resorbing surfaces of cancellous
bone trabeculae in osteoarthritic subchondral
bone, fracture callus, or in remodelling host
bone around the various giant cell lesions
within bone. In giant cell tumour ofbone, giant
cell reparative granuloma, and brown tumours
most giant cells (>90°%) did not react for
HLA-DR (figs 2 and 3). Using monoclonal
antibody CR3/43, focal weak positive staining
for HLA-DR was seen in 3% and 5% of giant
cells in two cases of giant cell reparative gran-
uloma of the jaw and 2%, 5%, and 8% of giant
cells in three cases of giant cell tumour ofbone.
With monoclonal antibody TAL 1B5, only
scattered giant cells (< 1%) stained for HLA-
DR in these conditions. In the other giant cell
lesions of bone more than 50% of giant cells
were HLA-DR positive (fig 1B-D). Almost all
giant cells in non-ossifying fibroma and eosino-
philic granuloma were HLA-DR positive (fig
IB). Similarly, in areas not associated with
remodelling or woven bone trabeculae, giant
cells in fibrous dysplasia and telangiectatic
osteosarcoma were HLA-DR positive (fig IC).
Reaction of giant cells for HLA-DR was most
variable in aneurysmal bone cyst, benign chon-
droblastoma, and chondromyxoid fibroma.
Although in all cases more than 50% of giant
cells were HLA-DR positive (fig 1D), the
number of giant cells expressing this antigen
varied greatly from case to case. Another
feature consistently noted was that HLA-DR
staining of giant cells in both benign chon-
droblastoma and chondromyxoid fibroma was
also generally weak.

EXPRESSION OF LEUCOCYTE/MACROPHAGE
MARKERS ON MONONUCLEAR CELLS OF GIANT
CELLS
The macrophage content of individual giant
cell lesions, assessed by staining for CD68 and
HLA-DR, varied widely and was not felt to be
ofuse in the histological differentiation ofthese
lesions. All foam cells (presumed macrophages)
were positive for CD68, LCA, and HLA-DR
in non-ossifying fibroma, fibrous dysplasia,
eosinophilic granuloma, benign fibrous his-
tiocytoma and giant cell tumour of tendon
sheath. In one case of pseudosarcomatous or
pleomorphic variant of chondromyxoid
fibroma of the tibia, both the bizarre mononu-
clear and multinucleated cells that were present
in the fibromyxoid and chondroid stroma
strongly reacted for CD 68, LCA, and HLA-
DR, indicating that they were part of the
reactive histiocytic component of the lesion.

IDENTIFICATION OF OSTEOCLASTS, REACTIVE
HISTIOCYTES, AND GIANT CELLS IN GIANT CELL
LESIONS
Both PD7/26 staining for LCA and KP1 stain-
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Figure I Indirect
immunoperoxidase staining
with monoclonal antibody
CR3/43 (anti-HLA-DR)
showing positive reaction
ofgiant cells (some
arrowed) and mononuclear
cells in: (A) foreign body
granuloma; (B) non-
ossifyingfibroma; (C)
fibrous dysplasia (note
staining offoamy
macrophages and giant
cells); (D) aneurysmal
bone cyst.

t.. ......v

:S :~~

4.
t,..

.P.
* N

.,s

I
4

t.: 2

J&

A. ,T,A

4.

....p

f

%P.

f4:0.
t, %.

.1
121.
1.-F

A

I
IOa

..'\*:

:S,: Sy(K , i*X:}
:.,,.:B

i

*: jvllr

V

4-,

-c .r

¾
4-!

4. - WV.,
;* .- -.

it

tAt tji>

or&r"- -'sta.S
4½~~~~~~~l

¶VA.W
.r>- - ->

*~ 1 xpr a--

Ail S

iJV R- -

e , ; 4_.

.*te

i"

n)

400

.:.i.i

O.. \-t
4,

tm-

-'I

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.45.5.398 on 1 M
ay 1992. D

ow
nloaded from

 

http://jcp.bmj.com/


Immunophenotype of multinucleated and mononuclear cells in giant cell lesions of bone and soft tissue

4~~~~~~~~~~~~~~~~~~4

<_+ b !jF; 4 ^jo

(B)

Figure 2 Indirect immunoperoxidase staining ofgiant cell tumour ofbone with monoclonal antibody: (A) KPI (anti-
CD68); (B) TallB5 (anti-HLA-DR) showing absence ofHLA-DR on CD68 positive giant cells.
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Figure 3 Indirect immunoperoxidase staining ofgiant cell reparative granuloma ofjaw with mhonoclonal antibody:
(A) KPI; (B) CR3143 showing absence ofHLA-DR on CD68 positive giant cells.

ing for CD68 were useful in distinguishing
reactive histiocytes and giant cells from the
stromal and tumour cell elements in giant cell
lesions. KPl strongly stains the cytoplasm of
osteoclast-like giant cells and, in one case of a

telangiectatic osteosarcoma, clearly distin-
guished reactive histiocytes and osteoclast-like
giant cells from tumour cells, including malig-
nant giant cells (fig 4). In another case of a

rapidly growing round cell lesion in the clavicle
of a boy aged 6, a biopsy specimen was taken
and showed some crush artefact; staining with
the above two antibodies identified the com-
ponent cells as histiocytes and also delineated
the presence of occasional giant cells, features

which were not apparent on the haematoxylin
and eosin stained sections. A further use of the
differential staining of giant cells for the
antigens noted above is illustrated by a case of
giant cell tumour of bone which had been
needle biopsied before definitive resection,
small collections of giant cells being found in
the subcutaneous tissue of the biopsy track.
Using the different pattern of the HLA-DR
reaction of giant cells derived from giant cell
tumour of bone and macrophage polykaryons,
the type of giant cells could be identified and
the possibility of soft tissue implantation
of tumour giant cells at the time of biopsy
eliminated.
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Figure 4 (A) Indirect immunoperoxidase staining of telangiectatic osteosarcoma
with monoclonal antibody KPI showing positive reaction of reactive macrophages and
giant cells among tumour cells; (B) Higher power magnification of 4(A).

Discussion
The giant cells in the various giant cell lesions
studied were all LCA and CD68 positive,
indicating that they are derived from the
marrow and can be regarded as members of the
mononuclear phagocyte system. Osteoclasts
can be distinguished from macrophage poly-
karyons in routinely processed tissue sections
by the absence of immunohistochemical reac-
tion for HLA-DR.'7 In several giant cell lesions
most giant cells showed a similar absence of
HLA-DR reactivity. This was most prominent
in giant cell tumour of bone, giant cell
reparative granuloma of the jaw, and the brown
tumour ofhyperparathyroidism. We found this
difference in giant cell reaction forHLA-DR to
be useful in distinguishing these lesions from
other reactive and neoplastic giant cell lesions
of bone in which most giant cells show a

positive HLA-DR reaction. In one case this
difference in HLA-DR reaction between the
giant cells of a giant cell tumour of bone and
inflammatory polykaryons was also useful in
determining the nature of the giant cells found
in soft tissue around a giant cell tumour of
bone. PD7/26 staining for LCA and KP1
staining for CD68 were useful in distinguishing
tumour giant cells from osteoclasts and other
reactive inflammatory cells in telangiectatic
osteosarcoma. They also clearly identified his-
tiocytes and other leucocytes in biopsy
specimens and should similarly be of use in
distinguishing a benign reactive inflammatory
infiltrate from a mesenchymal tumour in other
situations.
The giant cells in all giant cell lesions ofbone

were immunophenotypically heterogeneous
with respect to HLA-DR expression. To this
extent our results were essentially similar to
those of Regezi et al,18 who, using a single
unnamed antibody, noted strong HLA-DR
staining of giant cells in granulomatous inflam-
matory lesions and slight or no expression in
giant cells of giant cell granuloma of the jaw or
other bone giant cell lesions, although
relatively few of the latter were studied. One of
the cellular responses to a pathological insult in
bone is accumulation of numerous osteoclast-
like giant cells.7 Such giant cells are seen in the
context ofhigh grade neoplastic lesions, such as
telangiectatic osteosarcoma; locally aggressive
lesions, such as giant cell tumour ofbone; cystic
and haemorrhagic conditions, such as aneurys-
mal bone cyst; as well as in infection and
trauma. Differences in HLA-DR expression by
giant cells may reflect differences in the nature
ofthe giant cells within such cellular infiltrates.
Osteoclasts and giant cells of similar phenotype
from giant cell tumour of bone and giant cell
reparative granuloma of the jaw are calcitonin
responsive and avidly resorptive, '2 whereas
giant cells that are HLA-DR positive are more
closely related to macrophage polykaryons
which are primarily phagocytic, calcitonin
unresponsive, and less efficient at bone resorp-
tion.21 22 Notably, macrophage polykaryons
isolated from a number of extraskeletal tissues,
including several of the giant cell lesions
examined in this study are capable of bone
resorption,"' but are generally less efficient at
effecting such resorption compared with giant
cells isolated from giant cell tumour of bone
and giant cell reparative granuloma. If the
absence of HLA-DR on giant cells accurately
reflects whether such cells are primarily resorp-
tive or phagocytic then the proportion ofHLA-
DR negative giant cells within different giant
cell lesions could explain differences in the
resorptive capacity of giant cells isolated from
such lesions. It is also possible that this
heterogeneity of giant cell HLA-DR expres-
sion is reflected in the degree of clinical
osteolysis associated with a particular giant cell
lesion, lesions showing increased numbers of
HLA-DR negative giant cells being larger and
more destructive. Alternatively, differences in
HLA-DR expression by giant cells may
primarily be immunological in origin, reflect-
ing a response to tumour cell proliferation,
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inflammation, or a change in the bone or soft
tissue matrix.25
The immunophenotypic characteristics of

the mononuclear and multinucleated cells are
also relevant to a discussion of the cytogenesis
and association between various giant cell
lesions of bone and soft tissue. Both mononu-
clear and multinucleated cells in non-ossifying
fibroma showed a similar pattern of antigen
expression to benign fibrous histiocytoma and
giant cell tumour of tendon sheath, soft tissue
lesions which it closely resembles mor-
phologically. The pathogenesis of non-ossify-
ing fibroma is uncertain, although on the basis
of morphological and ultrastructural observa-
tions, it is thought that the basic proliferating
cellular element is a fibroblast.2627 Foam cells
found within the lesion were also thought to be
derived from transformed mesenchymal
fibroblasts.2" Foam cells in non-ossifying
fibroma, as well as fibrous dysplasia, eosino-
philic granuloma, benign fibrous histiocytoma
and giant cell tumour of tendon sheath,
however, all stained strongly for LCA, CD68,
and HLA-DR, indicating that they are macro-
phages and not fibroblasts. These are most
likely part of the reactive mononuclear his-
tiocytic component of these lesions. Roessner
et al believe that giant cell tumour of bone
should also be regarded as a fibrohistiocytic
tumour of bone on the basis that giant cells
react with anti-macrophage monoclonal anti-
bodies and numerous infiltrating mononuclear
macrophages are present in this lesion. How-
ever, giant cells in all giant cell lesions express
CD68 (macrophage associated antigen) and
CD68 positive mononuclear cells are com-
monly found in all such lesions. Moreover, not
only differences in the reaction for HLA-DR
but also differences in the clinical presentation
and behaviour of these giant cell lesions in bone
are not consistent with this. It is also interesting
to note that in the Jaffe-Campanacci syndrome,
where multiple non-ossifying fibromas are
associated with skin and other extraskeletal
anomalies,29 giant cell reparative granuloma of
the jaw has also been reported. The difference
in HLA-DR staining of the giant cells in non-
ossifying fibroma and giant cell reparative
granuloma of the jaw would similarly suggest
that they represent distinct entities.

In both benign chondroblastoma and chon-
dromyxoid fibroma CD68, LCA, and HLA-
DR positive giant cells were noted. HLA-DR
was weakly expressed by giant cells in these
lesions and the number of giant cells expressing
HLA-DR, although always greater than 50%,
varied greatly from case to case. One case of
chondromyxoid fibroma of the tibia also con-
tained numerous bizarre mononuclear and
multinucleated cells lying within a fibromyxoid
and chondroid stroma. The nature of these
cells in this pseudosarcomatous or pleomorphic
variant of chondromyxoid fibroma is uncer-
tain."' We have shown that both the bizarre
mononuclear and multinucleated cells strongly
expressed CD68, LCA, and HLA-DR, indi-
cating that they are a reactive histiocytic com-

ponent of the lesion rather than degenerate
chondroid or myxoid tumour elements. HLA-

DR positive giant cells and macrophages were
also commonly found in aneurysmal bone cyst
and in the various non-osseous components of
fibrous dysplasia. Giant cells found in relation
to mineralised tissue in all the lesions studied
were HLA-DR negative. This confirms the
osteoclastic nature of giant cells lying adjacent
to bone.

NAA thanks Professor JM Mirra and Dr CG Woods for many
helpful discussions. We also thank Miss Lesley Watts for typing
the manuscript. This study was supported, in part, by the
Cancer Research Campaign.
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