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ABSTRACT

The advanced stages of breast cancer are frequently associated
with secondary metastasis of primary tumour cells to bone where
they mediate bone destruction and hypercalcemia. In this study
the effects of human breast cancer cells, of the MCF-7 cell
line, on avian osteoclast activity were assessed using the bone
slice assay in vitro. The use of the simple technique of
reflected light microscopy was developed to quantify the area,
volume and depth of the resorption lacunae produced. Co-culture
of avian bone cells with MCF-7 produced a two fold increase in
the area of excavations whilst conditioned medium from a similar
number of tumour cells produced a small increase in activity
which was not significantly different from basal levels. The
stimulatory effects of co-culture were not dependent on
prostaglandin synthesis by the MCF-7 cells and were not
increased by pre-treatment of the MCF-7 with optimal doses of
17F ocestradiol. The potential role of low extracellular pH in
the stimulation of osteoclast activity was studied and it was
found that osteoclast activity was inhibited at low pH and was
optimal at pH 7.10-7.20. Pre-incubation of bone wafers at low
pH, however, led to a subsequent increase in the area of
resorption lacunae suggesting the potential importance of a
highly localised fall in pH in tumour-stimulated bone turnover.
In addition the potential role of the parathyroid hormone
related peptide in breast tumours was investigated using a
highly specific radioimmunoassay. Although MCF-7 cells did not

secrete PTHrP the peptide was produced by the cells of two other
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breast tumour cell lines. The secretion of PTHrP was increased,
in some cells, by high extracellular calcium levels and the
involvement of the peptide in the localised bone turnover

associated with same breast tumours cannot be ruled out.

In other studies the resorptive potential of the multinucleate
cells formed by the long term culture of human bone marrow was
assessed. Small resorption lacunae were excavated by cells
generated from infant marrow, whilst routine cultures of adult
marrow failed to resorb. The system cannot be used, at present,
to generate large numbers of authentic human osteoclasts for use
in the bone slice assay.



CHAPTER 1

GENERAL INTRODUCTION



1.1 .HYPERCALCEMIA OF MALIGNANCY

The advanced stages of tumour progression are frequently
associated with metastasis of the tumour from the primary site
to new organs or tissues. In the normal condition the basement
membrane provides a selective barrier which permits the
transport of essential metabolites between the epithelia of the
tissue and the underlying connective tissues but confines the
epithelial cells within a highly selective damain. In the
neoplastic condition abnormal «cells send out invasive
protrusions into neighbouring non-neoplastic tissue. Invasion is
not restricted to nearby solid tissue, it can also be found in
the walls of lymphatic venules and capillaries. In this way the
cells invade far distant tissues to form secondary or satellite

tumours in a process of metastasis.

The late stages of breast cancer, and other conditions including
primary neoplastic disease of the 1lung and gastrointestinal
tract, are frequently associated with metastasis of malignant
cells to the skeleton. Radiological survey has shown that in
patients with primary carcinoma of the breast metastatic tumour
cells become associated with the bone. In some 30% of these
patients this leads to extensive skeletal breakdown at the site
of tumour cell progression and as a result there is a
significant increase in ionised serum calcium 1levels - a
condition known as hypercalcemia. Interestingly, it has been
shown that there is no direct correlation between the extent of
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skeletal involvement and the levels of serum calcium (Galasko,
Burn, 1971). This is explained by the variability of calcium
excretion from the kidney - in some individuals the increased
release of ionised calcium from bone will lead to acute
hypercalcemia which is rapidly overcome by efficient renal
clearance. In other cases kidney function is overwhelmed and the

individual falls into acute prolonged hypercalcemia.

Hypercalcemia is a common and important clinical complication of
malignancy, the symptaoms of which are frequently confused with
those arising from the primary tumour. If left untreated the
hypercalcemia which results fram tumour-associated bone turnover
may lead to a loss of calcium from the skeleton with a resultant
deposition of calcium in the soft tissues and organs. The
patient may develop severe skeletal pain, weight loss, nausea,
vomiting, irreversible coma and in the worst cases the condition
can be fatal. It is therefore important that the mechanisms by
which metastatic tumour cells mediate bone destruction are

determined.

1.2. BACKGROUND

The first ©reported case of hypercalcemia associated with
malignancy was in 1855. Virchow observed diffuse ectopic
calcification in a patient with extensive skeletal metastases
from a primary mammary carcinoma. He considered that this could
be explained by an increased blood calcium level. Further
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reports of hypercalcemia associated with malignancy were made
(Zondek, Petow, Siebert, 1923 original reference in German,
reviewed in Insogna, Broadus, 1987) until, in 1936, the first
large scale study of serum calcium, inorganic phosphorus and
phosphatase activity in neoplastic disease of the bones was
carried out (Gutman, Tyson, Gutman, 1936). In these studies
hypercalcemia was always associated with osteolytic metastases
of the primary tumour. Not unexpectedly researchers speculated
that the hypercalcemia seen in patients with detectable bone
metastases resulted from extensive local destruction of the
skeleton by cells of the tumour itself. Little, or no,
conclusive evidence was produced to support this theory, and in
the years that followed it was found that patients without
detectable bone metastases developed hypercalcemia (Albright,

1941, and Plimpton, Gellhorn, 1956).

1.3. PUTATIVE MEDIATORS OF HYPERCALCEMIA

It has now been established that hypercalcemia is associated
with a heterogencus group of malignancies. The varied nature and
origin of these tumours makes it unlikely that they all mediate
bone destruction and hypercalcemia by production of the same
stimulatory factor or factors. It seems likely, however, that
similar types of malignancy induce hypercalcemia by similar
mechanisms. As a result the malignancies associated with
increased bone turnover are considered in two broad categories -

firstly the osteolytic malignancies which by definition are
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always associated with skeletal metastasis of the primary tumour
and secondly the humoral malignancies which do not metastasise

to bone.
1.3.1. Locally osteolytic malignancies

The most common examples of locally osteolytic malignancies are
the haematological malignancies and the solid tumours including

breast cancer.

a.The haematological malignancies

In these disorders abnormal cells in the bone marrow release
soluble, locally acting factors, which in the normal condition
may play a role in bone turnover but which in the pathological
state are released in such uncontrolled amounts that bone
destruction becomes extensive. Initial research, carried out to
isolate and characterise these stimulatory factors, showed that
short term cultures of bone marrow isolated from patients with
myeloma released a soluble factor (Mundy, Raisz, Cooper,
Schechter, Salmon, 1974) which was biologically and chemically
identical to the osteoclast activating factor (OAF) released by
activated, normal white blood cells (Horton, Raisz, Simmons,
Oppenhein, Mergenhargen, 1972). More recently it has been shown
that OAF is made up of more than one activity (Mundy, Ibbotson,
D'Souza, 1985). Much of the interest in this field has focused
on two potential components of OAF -interleukin 1 (IL-1) and

tumour necrosis factor ('INE‘F:) (Bertolini, Nedwin, Bringman,
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Smith, Mundy, 1986). These studies have shown conclusively that
myeloma cells release TNE'p which acts locally to stimulate bone
turnover but have not yet identified the factors involved in

other haematological malignancies.

b.Breast cancer

Breast cancer is the most common malignancy of women in the
Western world. In the late stages of the disease, when the
primary tumour is well advanced, 90% of patients develop bone
metastases and more than 30% of this group became chronically
hypercalcemic due to the extensive local destruction of the

skeleton (Valentin-Opran, Eilon, Saez, Mundy, 1985).

To elucidate the mechanism by which local metastatic deposits of
breast tumour cells mediate bone destruction, extensive studies
were carried out in which the effects of breast tumour cells
both on the bone matrix and on bone cells were investigated.
Initial studies, carried out using the human breast tumour cell
line MCF-7, and studying the release of %5Ca from intact,
pre-labelled foetal long bones, suggested that human breast
cancer cells could resorb bone without the involvement of other
cells (Eilon, Mundy, 1978). However further studies, in which
the scanning electron microscope was used to study the spatial
relationship between resorption lacunae and tumour cells
(reviewed in Mundy, Ibbotson, D'Souza, 1985), indicated that it
was more likely that bone destruction was due to increased

osteoclast activity than to the resorptive potential of the



e
tumour cells. The mechanism by which breast tumour cells mediate
increased osteoclast activity still remains uncertain although
opinion favours the theory that tumour cells release a factor
which stimulates osteoclast activity either directly or
indirectly through the mediation of another cell type. The
nature of this factor, or factors, is unknown although a number
of agents have been implicated in this stimulatory effect

including:

i. The transforming growth factors

a. Transforming growth factor alpha (TGFe ) was initally
isolated from transformed rodent fibroblasts (DeLarco, Todaro,
1978) but has now been purified from virally transformed rat
cells and from human melanoma cells (Marquardt, Hunkapiller,
Hood, Twardzik, Delarco, Stephenson, Todaro, 1983). In the
mature form TGP is a 7KDa protein which is secreted by both
normal and malignant mammary tissue and as a result has been
implicated in the pathoge.t’nesié of hypercalcemia of malignancy
(reviewed in Mundy, Ibbotson, D'Souza, 1985). The protein
interacts with, and campetes for binding to, epidermal growth
factor receptors on target cells and may be an important
autocrine growth factor in breast cancer. In bone, TGR(
stimulates the proliferation of osteoclast-like cells formed in
long term cultures of human bone marrow (Takahashi, MacDonald,
Hon, Winkler, Derynck, Mundy, Roodman, 1986).

b. Transforming growth factor beta (ms-p ) is a two-subunit

25 KDa polypeptide which may be an important autocrine growth



=

factor in both normal and malignant cells. The polypeptide is
produced by many breast cancer cell lines in vitro and it has
been reported that the proliferation of cells of the human
breast tumour cell line, MCF-7, is inhibited by TGFp (Roberts,
Anzano, Wakefield, Roche, Stern, Sporn, 1985). Other authors,
employing receptor binding studies, have shown that ocestrogen
receptor positive breast cancer cell lines, including the widely
used MCF-7 line, do not respond to TGF@ whilst oestrogen
receptor negative cells are inhibited by, and secrete, 'IGFP
(Arteaga, Tandon, Von Hoff, Osbourne, 1988). The variation in
these findings is difficult to explain although it is known that
the behaviour of MCF-7 is variable between laboratories. In
bone, 'IGFp is a potent inhibitor of rodent bone resorption
having effects on both the formation of new osteoclasts
(Pfeilschifter, Seyedin, Mundy, 1988) and the activity of mature
cells (Oreffo, Mundy, Bonewald, 1988). However other reports,
using neonatal mouse calvarial cultures have shown that, in
vitro, 'ItE'P stimulates bone resorption indirectly through the
endogenous synthesis of prostaglandins (Tashjian, Voelkel,
Lazzaro, Singer, Roberts, Derynck, Winkler, Levine, 1985). The
significance of these conflicting results to the human system is
not yet known.

c. Platelet derived growth factor (PDGF) is a 30 KbDa
heterodimer which, as its name suggests, is produced in large
amounts by platelets. PDGF has effects on many normal processes
including wound healing, vasoconstriction and may be important

in bone cell formation. A PDGF-like activity is secreted by most
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breast cancer cell lines (Rozengurt, 1986) leading to the
suggestion that PDGF may be important in the metastatic spread
of breast tumours. 1In bone, the local release of this activity
may have important effects on the proliferation of bone cells
(Canalis, 1981).

ii. The tumour necrosis factors (INF's)

There are two classes of TNFs, TNF which is produced by
activated macrophages and (INF (also known as lymphotoxin)
secreted by activated T lymphocytes. The TNFs are potent
stimulators of bone resorption in vitro acting on the osteoclast
indirectly to increase the release of radiolabelled calcium from
intact foetal rat bones (Bertolini, Nedwin, Bringman, Smith,
Mundy, 1986) and also stimulating the fusion of mononuclear
osteoclast precursors (Thomson, Mundy, Chambers, 1987).
Similarly, in vivo, the TNFs induce hypercalcemia when injected
into mice (Garrett, Durie, Nedwin, Gillespie, Bringman,
Sabatini, Bertolini, Mundy, 1987). The TNFs have identical
effects on bone resorption to the cytokine factor IL-1. TNF has
been implicated in the increased bone turnover associated with
myeloma in 20% of patients (Bertolini, Nedwin, Bringman, Durie,
Gillespie, Mundy, 1986). To date, the widespread production of
INFs by breast tumour cells has not been reported.

iii. Prostaglandins
It was reported, many years ago, that prostaglandins of the E

series are potent stimulators of bone resorption in organ
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culture (Klein, Raisz, 1970). However, in more recent studies,
it has been shown by independent groups that the action of
prostaglandins on isolated osteoclasts is inhibitory (Ali,
Chambers, 1983 and Arnett, Dempster, 1987, and Chambers,
McSheehy, Thamson, Fuller, 1985). It has been suggested that
this wvariation in the response of osteoclasts to prostaglandins
in isolated and organ cultures may be important since the
physiological response of osteoclasts to prostaglandins may
involve the camplex interaction of bone cells including
osteocytes and the osteoblastic bone 1lining cells (Fuller,
Chambers, 1989). Nevertheless prostaglandins are produced by the
cells of most tissues and are released in significantly higher
levels by neoplastic and inflammatory cells (Jaffe, Parker,
Philpott, 1971). As a result the production of prostaglandins by
malignant cells has been linked to the hypercalcemia associated
with the advanced stages of neoplastic disorders particularly of
the kidney (Atkins, Ibbotson, Hillier, Hunt, Hammonds, Martin,
1977), and breast (Powles, Clark, Easty, Easty, Neville, 1973).
Other studies have shown that prostaglandins are important
mediators of the accelerated bone turnover associated with renal
carcinoma but in breast cancer other non-prostaglandin
mechanisms may be more significant (Greaves, Ibbotson, Atkins,
Martin, 1980). It is interesting to note that the activity of
many factors such as epidermal growth factor, phorbol esters,
TGFp and TNFP are thought to be mediated through the endogencus
production of prostaglandins (Tashjian, Levine, 1978).
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1.3.2. Humoral hypercalcemia of malignancy

Clinicians have reported that some patients with neoplastic
disorders have high serum calcium levels and low serum phoshorus
levels in the absence of detectable skeletal metastases of the
primary tumour. These symptoms are very similar to those
reported in patients with primary hyperparathyroidism (Lafferty,
1966). As early as 1941 Albright suggested that, in these
patients, cells of the primary tumour may release a parathyroid
hormone (PTH) -like factor into the circulation which acts on
the bone to promote the release of ionised calcium, and on the
kidney to decrease calcium excretion and increase renal
clearance of phosphorus. These observations were supported by
the results of radioimmunoassay which found elevated levels of
PTH in the plasma of patients with hypercalcemia associated with
bronchial carcinoma (Berson, Yalow, 1966). Huwever in recent
years the development of more sensitive radioimmunoassays has
shown that most non-parathyroid gland tumours do not produce PTH
(Powells, Dowsett, Easty, Neville, 1976) but instead secrete an
activity which has similar properties to PTH but which is
immunologically distinct from this hormone (Martin, Atkins,

The nature of the factor, or factors, which mediate humoral
hypercalcemia of malignancy is still uncertain. A number of
factors have been implicated in the process, some of which are

also putative mediators of osteolytic hypercalcemia:-
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i.Factors produced by cells of the immme system
These factors include:
a. Transforming growth factors including TGF and TGF
described in Section 1.3.1.
b. Interleukin 1 (IL-1) - which is produced by activated
monocytes and has numerous biological activities. IL-1 is not
infact a single activity but is instead two distinct proteins
II-1 & and IL-1p . There is 30% homology between these two
molecules and their biological activities are closely related.
IL-1 is a potent stimulator of osteoclast activity in organ
culture (Gowen, Wood, Ihrie, McGuire, Russell, 1983 and Gowen,
Mundy, 1986) and also increases the differentiation of mature
osteoclasts from mononuclear precursors (Pfeilschifter, Seyedin,
Mundy, 1988). In addition, IL-1 has synergistic effects on bone
resorption with the TNF's (Stashenko, Dewhirst, Peros, Kent,
Ago, 1987) and PIH (Dewhirst, Stashenko, Mole, Tsurumachi,
1985). Interestingly this cytokine factor also has effects on
osteoblasts - at low, prolonged doses IL-1 stimulates the
deposition of bone collagen by rodent cells while human bone
cells are stimulated to proliferate in culture (Gowen, Wood,
Russell, 1985). The production of II~1 by leukaemic cell lines
in vitro has also been reported (Gowen, Wood, Ihrie, McGuire,
Russell, 1983).
c. 1,25-dihydroxyvitamin Dy (1,25(0H)2D3)— which is the
active metabolite of vitamin D, and promotes the differentiation
of osteoclast progenitors into mature multinucleate cells
(Roodman, Ibbotson, MacDonald, Kuehl, Mundy, 1985). In addition
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1,.25(OH)2[‘J3 has important effects on the mature osteoclast,
stimulating the production of resorption lacunae either directly
or indirectly through the mediation of other cells (McSheehy,
Chambers, 1987). Transformed lymphocytes metabolise inactive
forms of wvitamin D to 1'25(0H)2D3 (Fetchick, Bertolini,
Sarin, Weintraub, Mundy, Dunn, 1986) suggesting that this potent
stimulatory factor may be an important mediator of bone turnover

in patients with neoplastic disorders of the blocd.

ii. Parathyroid hormone related peptide

Parathyroid hormone related peptide (PTHrP) is a recently
isolated peptide which has been implicated in the pathogenesis
of hypercalcemia. The peptide was originally identified in
conditioned medium from the human BEN cell 1line which was
derived from a patient with high serum calcium levels associated
with a squamous cell carcinoma of the lung (Ellison, Woodhouse,
Hillyard, Dowsett, Coombes, Gilby, Greenberg, Neville, 1975).
Protein purification and cDNA cloning techniques (Moseley,
Kubota, et al, 1987) have shown that the mature peptide is
made up of 141 amino acids with a 36 amino acid leader sequence.
The predicted sequence of amino acids for PTHrP and the smaller
PTH has been closely compared and the sequence homology
established. There is a striking degree of homology between the
two peptides in the NH, terminal domain with eight of the
first thirteen amino acids being identical in the human
peptides. Homology in this domain of the peptide explains
reports that PTHrP is able to activate PTH receptors in bone and
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kidney (Strewler, Williams, Nissenson, 1983, and Stewart,
Insogna, Goltzman, Broadus, 1983). The seguence homology is,
however, not conserved throughout the amino acid sequence and as
a result sensitive radioimmuncassays against PTH do not cross

react with PTHrP.

The purification of human PTHrP from BEN cell conditioned medium
has enabled the amino acid sequence of the peptide to be
determined. PTHrP was then synthesised in vitro and used to
raise antisera of high specificity for use in the study of PTHrP
distribution in a range of normal and malignant tissues.
Immunocytochemical techniques have identified the peptide in a
number of squamous cell carcinomas (Danks, Ebeling, Hayman,
Chou, Moseley, Dunlop, Kemp, Martin, 1989) and in a range of
normal tissues including the placenta, parathyroid glands, the
central nervous system, adrenal glands, the foetal rat liver,
mammary tissue and in the spinous keratinocytes of normal skin
(Merendino, Insogna, Milstone, Broadus, Stewart, 1986). The role
of PTHrP in normal tissues is unknown, although the peptide may
be an important mediator of calcium homeostasis in the normal
condition and may be involved in reqgulating placental calcium
transport (Rodda, Kubota, Heath, Ebeling, Moseley, Care, Caple,

Martin, 1988).
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1.4. BONE

Bone is a highly specialised connective tissue which has the
ability to calcify and which is the main constituent of the
bones which together camprise the skeleton. Calcification of the
bone matrix ensures that the skeleton has the mechanical
strength required to maintain the shape of the body, support the
attachment of muscles, transmit muscular contraction and protect
the vital organs and soft tissues from damage. In addition to
its biomechanical functions the skeleton also serves as an
important store of minerals including calcium. The calcium
concentration of the systemic extracellular fluid is maintained
at, or close to, 2.5 mM by a process of exchange with the
reserves stored within the bone matrix and by renal

re-absorption.

At the end of longitudinal growth, when the epiphyseal growth
plate degenerates, the human skeleton does not enter a static
phase. Instead bone is continually removed and replaced, so that
areas of the matrix which may be damaged or stressed are renewed
in a process which ensures that the mechanical strength of
individual bones is not compromised. This process is known as
remodelling and is tightly controlled so that bone resorption
and bone formation are closely linked in time and space. In the
metastatic bone destruction which is associated with the spread
of primary breast tumour cells to the skeleton the processes of

bone - resorption and resynthesis becaome uncoupled and
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pathological fractures result.

1.4.1. COMPOSITION OF THE BONE MATRIX

Bone is made up of an extracellular and a cellular component.

i. The extracellular matrix of bone

Bone matrix consists of type 1 collagen fibres embedded in a
ground substance of glycoproteins and proteoglycans. The ground
substance is not an inert matrix in which the collagen and cells
of bone are embedded but instead is a highly charged and
biologically active substance. The ground substance plays an
important role in controlling calcification of the bone matrix.
During calcification «crystals of hydroxyapatite become
associated with the collagen fibres, are found within them and
also became embedded in the ground substance. In addition the
response of the cellular component of the bone matrix to
external stimuli is mediated by the ground substance.

Type 1 collagen is the major component of the organic bone
matrix and accounts for 88% of the total extracellular protein
(Urist, Delange, Finnerman, 1983). In mature bone only type 1
collagen has been identified whilst type V collagen is present
in foetal calvaria (Rhodes, Miller, 1978). The remaining 12% of
the protein is made up in part of serum-derived proteins which
become trapped within the bone matrix (including platelet
derived growth factor, serum albumin and o< 2Hs- glycoprotein)

and also of proteins secreted into the matrix by the



-19-
biosynthetic activity of the ostecblast. Although the
non-collagenous proteins comprise only a small part of the
extracellular bone matrix they are considered to be essential
for normal growth and development (Triffitt, 1980). The major
non-collagenous proteins secreted into the bone matrix by the

osteoblast fall into three main categories:-

a. Cell attachment proteins including thrombospondin,
fibronectin, bone sialoprotein and osteopontin which interact
with receptors of the integrin family on target cells and
transduce signals to the cytoskeleton in response to direct
stimuli.

b. Proteoglycans including biglycan and decorin which may play
a role in the calcification of the bone matrix.

c. The gamma-carboxylated proteins osteocalcin and
matrix-gla-protein. Osteocalcin is the most abundant
non-collagenous protein of bone and is thought to play an
important role in bone turnover although its exact function is
unknown. Osteocalcin and matrix-gla-protein show some structural
hamology, but the specific function of matrix-gla-protein and
the relationship between the K—carboxylated proteins is
uncertain.

ii.The cellular component of the bone matrix

The cells of bone are responsible for the processes which are
involved in the growth of young bone, the remodelling of adult
bone, and the maintenance of existing bone matrix. In the
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account which follows the role of the three cell types
associated with the bone matrix in the remodelling of adult bone
is considered, this being most relevant to the bone destruction
associated with the advanced stages of breast cancer and other

malignancies.

a. THE OSTEOCLAST

The osteoclast is now widely believed to be the major cell type
involved in bone resorption and can resorb bone without the
assistance of other cells (Boyde, Ali, Jones, 1983 and 1984).
However monocytes and macrophages are frequently found close to
bone resorbing surfaces and it has been suggested that they may
also be able to resorb bone. The ability of rat peritoneal
macrophages (Teitelbaum, Stewart, RKahn, 1979) and circulating
blood monocytes to release previously incorporated radiolabel
fron dead bones (Mundy, Altman, Gondek, Bandelin, 1977 and
Kahn, Stewart, Teitelbaum, 1978) has been reported. These
studies have more recently been supported by the work of
Athanasou and colleagues (Bulstrode, Athanasou, Quinn, 1990) who
have shown that the macrophages which gather around a loose
implant are capable of ‘ bone resorption. The ability of
macrophages and monocytes to excavate authentic resorption
lacunae has been contentious and it has been shown that monocyte
enriched human blood cells do not produce excavations in sperm
whale dentine (Ali, Jones, Boyde, 1984). Same authors favour a
role for these cells in the support and control of osteoclast
activity (Mundy, 1983).
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The osteoclast is a large multinucleate cell which is usually
associated with indentations of the bone surface or Howship's
lacunae (Fig. 1.1). In man, the normal osteoclast is 20-30 }Jm in
diameter and contains several nuclei. In conditions in which
there is an increase in the rate of osteoclastic bone resorption
both the size of the cell and the number of nuclei are increased
(Rasmussen, Bordier, 1974). Ultrastructural studies have shown
that the osteoclast is a polarised cell with a characteristic
morphology. The cellular organelles, including the plentiful
supply of mitochondria and ribosames, are localised within the
region of the cytoplasm which is distant from the underlying
bone surface (Holtrop, King, 1971). In contrast, the cytoplasm
which is apposed to the bone matrix contains regions which are
devoid of organelles but rich in actin-like material. These
highly specialised areas of cytoplasm are known as clear zones
and are located adjacent to ruffled areas of the plasma
membrane. The clear zones campletely enclose the ruffled border
to form a tightly sealed campartment in which resorption can
occur (Schenk, Spiro, Weiner, 1969) and may limit the movement
of proteins within the ruffled border ensuring that the
integrity of this specialised region is maintained. The ruffled
border contains numerous in-foldings which are thought to
increase the surface area of the cell membrane available for
bone degradation (Scott, Pease, 1956).

In the resting condition the mature osteoclast is not in contact
with the underlying bone matrix. Instead it is thought that
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Fig. 1.1 a photomicrograph showing a section through a feline
jaw bone. The trabecula of bone (A) is undergoing resorption by
the large multinucleate osteoclast (B). The ruffled border of
the osteoclast, in close apposition to the resorbing surface, is
clearly defined. Osteoblasts are also present in this section.

This photograph is reproduced with the permission of the Dept.
of Human Anatomy.
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the bone surface is protected by one, or possibly two layers,
which must be breached before the osteoclast can initiate bone
resorption. The first barrier consists of a continuous layer of
lining cells of osteoblastic lineage which may play an
important role in controlling osteoclast activity. Specific
binding studies have shown that the osteoclast does not have
receptors for some of the factors which control bone remodelling
in vivo and in vitro including PTH (McSheehy, Chambers, 1986),
1,25 dihydroxyvitamin D, (McSheehy, Chambers, 1987), IL-1
(Thomson, Saklatvala, Chambers, 1986), and the TNF's (Thomson,
Mundy, Chambers, 1987). Although the mechanism of action of
these factors is still not fully understood it has been
suggested that they may act directly on the osteoblastic lining
cells causing them to draw back and expose the bone surface to
osteoclast attack (Rodan, Martin, 1981). Others have suggested
the importance of a second barrier comprising of a layer of
osteoid or non-mineralised bone (reviewed by Chambers, 1980). It
has been proposed that activated bone lining cells remove an
extracellular barrier which blocks the interaction of
osteoclasts with the underlying bone matrix. The nature of this
barrier is not known but it is possible that its removal by the
osteoblastic lining cells facilitates the subsequent remodelling
of the underlying bone. This theory gains same support from
findings that osteoblasts synthesise degradative enzymes
including procollagenase (Heath, Atkinson, Meikle, Reynolds,
1984) and plasminogen activator (Hamilton, Lingelbach,
Partridge, Martin, 1985) in response to bone resorbing hormones.






























































































































































































































































































































































































































































































































































































































































































































