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Figure 3 Human fetal primary spongiosa. CD18 positive mononuclear cells ci
applied to the bone trabecular surface (no counterstain).~~~~~~~~~~~~~~~~~...*~~~~~~~~~~~~~~~~~~~~~~..' \.....s ..
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Figure 4 (A) and (B) Human fetal primary spongiosa. Focal, linear depositi
the surface of the bone trabeculae: (a) low power (b) high power (no countersta

mononuclear cells in a similar distribution
also stained positively for CD1lb, CD11c,
and CD18 (complement receptors for iC3b-
also known as CR3 and CR4)(fig 3). These
mononuclear cells did not stain with antibod-
ies against the complement receptors for C3b
and C3d-CD35 and CD21 (CR1 and CR2,
respectively). Multinucleate osteoclasts did
not stain positively for any of the complement
receptors. No mononuclear or multinuclear
osteoclasts were seen in the bone at a dis-
tance away from the ossification front (in the
diaphysis).

Immunostaining for C3 showed a focal
intense staining distribution along stretches of
newly formed bone trabeculae in the primary
spongiosa immediately adjacent to the endo-
chondral growth plate (in the same region as
most of the TRAP positive mononuclear
osteoclasts were found) (fig 4). Immuno-
staining was particularly intense in surface
areas that clearly lacked an overlying osteoid

losely seam (areas where mineralised bone is
exposed at the surface). C3 was not demon-
strable on the surface of thicker trabeculae of
bone at a distance from the growth plate (in
the diaphyses).

Discussion
In the past hydroxyapatite has been used in
preparative columns for the selective removal
of some components of complement includ-
ing C3.12 In our own experiments we have
shown that incubation of serum with hydrox-
yapatite crystals (HAC) leads to a dose
dependent and selective depletion of some
components of complement. This was to be
expected because it is known that Clq binds
to anionic surfaces and that on activation the
exposed thiol-ester groups of C3 and C4
form ester linkages with hydroxyl groups.'3
Binding of C lq to HAC has been shown and
might be expected to lead to classical path-
way activation and binding of activated C3
which would be reinforced by concomitant
activation of the alternate pathway. Conven-
tional complement activation pathways, how-
ever, are clearly not essential to the
ideposition of C3 on the HAC surface because
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C3 deposition was seen with heat inactivated
sera and in the presence of EDTA. But one
must have some reservations as to the effec-
tiveness of even high concentrations (002M)
ofEDTA in inhibiting complement activation
at the crystal surface.

If C3 is to be effective in recruiting cells to
the crystal surface it must be in a form recog-
nisable to the complement receptors of those
cells-as C3b, iC3b, or C3d. Our experi-
ments show that C3 is activated as evidenced
by the release of its terminal breakdown prod-
uct C3d into the fluid phase.
'he mononuclear cells applied to the bones.b.

trabecular surface in the primary spongiosa
adjacent to the endochondral growth plate
are likely to be the precursors of the multinu-
cleate osteoclasts for the following reasons:

ion ofC3 on (1) Multinucleate osteoclasts are known to
tin). form by the fusion of mononuclear precursors
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and the zone in which these mononuclear
cells were identified in considerable numbers
is adjacent to, and destined to become, the
multinucleate osteoclast rich zone in the
metaphysis. (2) The mononuclear cells
described are closely applied to bone. (3) The
mononuclear cells are CD68, CD61(3 inte-
grin chain), and TRAP positive-markers of
the multinucleate osteoclast.' 714
We have shown that synthetic hydroxyap-

atite crystals have the ability to bind C3. That
this also occurs in vivo is supported by the
positive immunostaining for C3 on the
trabecular surface of bone that is rapidly
remodelling in the primary spongiosa. A simi-
lar distribution of C3 has been reported in
mice.'8 Immunostaining for C3 was most
strong in foci lacking an osteoid seam, sug-
gesting a greater deposition of C3 on exposed
mineral surfaces. Relatively slowly metabolis-
ing diaphyseal bone showed no surface
immunostaining for C3. We understand that
the monoclonal antibody used (Dako, UK;
clone HAV 3-4; Catalogue No M836) recog-
nises an epitope that is present on both whole
C3 and its larger breakdown products includ-
ing iC3b.

It was in the zone of C3 deposition that we
found complement receptor positive mono-
nuclear cells in close apposition to the bone
trabecular surface. We were unable to show
the presence of CR1 (CD35) or CR2 (CD21)
on either the TRAP positive mononuclear
cells or the multinucleate osteoclasts. CR1
and CR2 bind complement components C3b
and C3d, respectively. The TRAP positive
mononuclear cells expressed CR3 and CR4
(CD11b + CD18, and CD11c + CD18,
respectively). CR3 and CR4 belong to the /2
family of integrins (as defined by their ,B chain
CD 18). Both receptors recognise the Arg-
Gly-Asp (RGD) sequence of iC3b-that is,
the cleaved, inactivated, and short-lived sur-
face bound component of C3."3 It seems rea-
sonable to hypothesise that, in the primary
spongiosa at the endochondral ossification
front, C3 is bound to exposed HACs of newly
formed bone, converted to iC3b, C3d,g and
C3d, and that mononuclear precursors of
osteoclasts are bound to these areas by their
complement receptors. Chambers showed
that in vitro macrophages fuse by the simulta-
neous phagocytosis of material and, in so
doing, internalise and lose the surface expres-
sion of the receptors responsible for the bind-
ing of that material.'5 16 In a similar way we

suggest that the mononuclear osteoclast pre-
cursors are attracted to the mineralised bone
surface by binding complement and that sub-
sequent internalisation of complement recep-
tors 3 and 4, accounts for their absence on
multinucleate osteoclasts.
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