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ABSTRACT

In spite of their adver se side effects, natu-
ral and synthetic glucocorticoids (GCs)
occupy a uniquerolein several fields of
medicine. They are potent regulators of
bone cell growth and differentiation and
the actions on the skeleton and related
tissues depend on several factorsinclud-
ing the dose, duration of the exposure,
the steroid type and the species. In hu-
mans some of the effects are indirect,
such asthe regulation of intestinal calci-
um absorption and PTH secretion. Other
effects are due to the cellular response
that occurs within the bone microenvir-
onment.

It has been well established inin vitro
studies that GCs can promote osteoblast
differentiation from mesenchymal osteo-
progenitors bothin rat calvarial culture
and in adherent marrow stromal cells.
Moreover, GCs are able to enhance ex-
pression of the mature osteoblast phe-
notype, increasing mineralized nodules,
osteocal cin secretion, and the bone mor-
phogenetic protein-6 message level.
However, the mechanisms by which GCs
affect bone metabolism are still unclear.
Recent studies with GCs on bone cells
suggested that the production of cyto-
kines and growth factors and the expres-
sion of their receptors may also be in-
fluenced by GCs. In fact, GCs are able
to inhibit the synthesis of cytokines, such
asinterleukin-1 which stimulates bone
remodeling by monocytes and macro-
phages. Moreover, osteoprotegerin, a
recently cloned member of the tumor
necrosis factor receptor family, is down-
regulated by GCs, offering a possible
interpretation for the induction of bone
resorption by GCs.

GC-induced inhibition of bone resorbing
cytokines may contribute to explain the
therapeutic actions of GCsin several dis-
eases such as rheumatoid arthritis and
myeloma. Furthermore, GCs modulate
osteoclast recruitment, even if thereis
no clear explanation for a direct effect
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of GCs on osteoclastic precursors. Sus-
tained stimulation of matrix degradation
by isolated avian osteoclasts incubated
with GCs has been reported, aswell as
cytotoxic effects on osteoclastic cells
from neonatal rat long bones.

I ntroduction

Glucocorticoid (GC)-induced osteopo-
rosis has been recognized since 1932,
when Cushing referred an “increased
tendency to fracture” in a patient affec-
ting by adrenal hyperplasia secondary to
pituitary tumors producing adrenocor-
ticotrophic hormone (1). Subsequently,
when cortisone began to be used as thera-
peutic agent, it soon was clear that de-
spite its beneficia anti-inflammatory and
immunosuppressive effects, long-term
treatment with high doses led to severe
boneloss and several case reports of ver-
tebral fractures were observed (2), indi-
cating that exogenous hypercortisolism
was also deleterious to the skeleton.
With the more restrictive use of GCs, se-
vere adverse events aswell as cushingoid
appearance, secondary adrenal insuffi-
ciency and vertebral fractures have be-
come rarer, but about 40-50% of patients
requiring GC therapy develop osteoporo-
sis. Researchers have reported GC-in-
duced osteoporosis in patients on long-
term, high dose GC therapy, and have
also demonstrated a reduced bone mass
dueto an increase in bone resorption and
adecrease in bone formation. Thein-
creased bone resorption is probably sec-
ondary to the enhanced production of
parathyroid hormone, while the inhibited
bone formation seems to be secondary
to adecrease in collagen synthesis.
Despite these adverse side effects, natu-
ral and synthetic GCs occupy an unique
rolein severa fields of medicine. Thus,
it is of fundamental importance to indivi-
duate the specific effect of GCs on bone
tissue and to adopt prophylactic and ther-
apeutic measures against excessive bone
loss.



Pathogenesis of glucocorticoid-
induced osteoporosis

Osteoporosis is a syndrome character-
ized by alow rate of bone mass, micro-
architectural deterioration of bone tissue
leading to increased bone fragility and a
consequent enhanced fracture risk. The
main clinical manifestations are bone
pain, pathological fracturesin the axial
and appendicular skeleton and skeletal
deformities. In healthy persons anormal
decline of bone mass (about 1-2% per
year) is observed until the age of 25-35
years and may increase several fold in
premenopausal women. Osteoporosisis
amultifactorial syndrome and many risk
factors have been established, including
age, sex, race, and ovariectomy, pro-
longed immobilization and continued
use of GCs.

The most rapid rate of GC-induced bone
loss occursin the first year of treatment
(3) followed by a slower but continuing
decline in bone mineral density (4), its
degree depending on the duration of ther-
apy and the dose used (5). Biopsiesfrom
patients affected by GC-induced osteo-
porosis showed a reduction in bone ma-
trix apposition rates, decreased trabecu-
lar volume and enhanced bone resorp-
tion (6, 7).

The pathogenesis of GC-induced osteo-
porosis remain incompletely understood:
and the best means for its treatment and/
or prevention are till being debated. The
decrease of bone formation is the major
event in GC excess and resultsin a de-
crease in the serum level of osteocalcin,
the specific marker of bone formation.
In fact, GCs directly act on osteoblast
(OB) cells, reducing OB recruitment (8)
and activity as shown by the reduction
in bone GLA protein osteocalcin and
type | collagen. But GCs can also act
through the modulation of OB growth
factors and/or their receptors; insulin-
like growth factor (IGF) is an important
stimulator of OB activity and bone cells
express |GF-1 and IGF-I1 receptors. An
increase of IGF-| receptorsin OB has
been reported, but the data are contro-
versiad, while IGF-I1 receptor expression
isinhibited by GCs via transcriptional
mechanisms (9). Moreover, the activity
of IGFsis modulated by six IGF bind-
ing proteins (IGFBPs) that are expressed
by OB and are considered important fac-
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torsfor the storage and transport of IGFs.
GCs are able to decrease the expression
of IGFBP-3, -4 and -5. In particular, the
effect of IGFBP-5, which stimulates OB
cell growth and enhances the effect of
IGF-I, may bedirectly related to the in-
hibitory action of GCs on bone forma-
tion.

Transforming growth factor (TGF) b is
agrowth regulator of skeletal cells ex-
pressed in OB and osteoclast cells, that
stimul ates collagen synthesis and matrix
apposition rates. It isreleased in the ex-
tracellular matrix in abiologicaly latent
form that may be activated by several
agents. GCs induce the activation of the
latent form and through the suppression
of CBFal, transcription factor of the
TGF b type | receptor with a resultant
decrease in the expression and activity
of the TGF b type | receptor on matrix-
producing bone cells (10). Recently it
has been reported that a new member of
the tumor necrosis factor family, osteo-
protegerin (OPG), is expressed in human
OB-like cells and that the mRNA levels
of this protein are inhibited by GCs, indi-
cating that a reduced production of OPG
from OB could in part explain GC-indu-
ced bone resorption (11). Indirect mecha
nisms probably are also involved, such
asthe inhibition of pituitary gonadotro-
pin secretion and sex steroid production.
Different effects of GCs on bone cell
seem to depend on the stage of OB dif-
ferentiation: in fact, corticosteroids in-
duce the differentiation from preOB to
OB, and stimulate the formation of bone
nodules of mineralization; on the other
hand they decrease the differentiated
function of mature OB, decreasing cell
duplication and suppressing type | col-
lagen gene expression.

Prevention of glucocorticoid-induced
osteoporosis

The prevention and treatment of GC-in-
duced osteoporosis represent areal prob-
lem. Different trestment modalities have
been proposed; for example, alternate-
day therapy can minimize the adverse ef-
fects of GCs, resulting in partial or total
restoration of bone mass. However, since
discontinuous therapy is not feasiblein
many syndromes, the use of inhaled ste-
roids and of GCs with bone-sparing pro-
perties has been proposed. Studies on the
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effect of inhaled steroids on bone are il
limited and it is often difficult to assess
their value because patients had fre-
guently also received oral GC therapy.
However, it has been demonstrated that
inhaled steroids are absorbed because
they are able to inhibit markers of differ-
entiated OB, and to decrease bone min-
eral density with a dose dependent ef-
fect (12).

In order to maintain the clinical effici-
ency of the drugs while decreasing the
known adverse effects, new GC mole-
cules have been proposed. Deflazacort,
an oxazoline derivative of prednisone,
is a synthetic GC with antiinflammatory
and antiimmune properties and it has
been claimed to have aless inhibitory
effect on bone as well as on glucose me-
tabolismin vivo. However,in vitro stud-
ies have demonstrated that deflazacort
and cortisol show comparable effects on
inhibiting bone DNA and collagen syn-
thesis (13). Most attempts to control

bone loss associated with GCs have
looked at improving calcium retention
by increasing cacium absorption and de-
creasing urinary excretion. Vitamin D
and its metabolites, calcium supplemen-
tation and thiazide diuretics have been
used. 25-hydroxyvitamin D (calcifedol)
or 1,25-dihydroxyvitamin D3 (calcitriol)
can be administered to increase calcium
absorption. One necessary precaution is
the monitoring of treated patients for the
possible development of hypercal cemia,
which occurs in about 25% of patients
taking GCs and receiving calcitriol at 0.6
g daily and calcium supplementation
(24).

Anti-resorptive drugs have also been em-
ployed in the treatment of GC-induced
osteoporosis with the aim of preventing
bone loss. Bisphosphonates, such as eti-
dronate have been effective in prevent-
ing bone mineral loss observed in the
spine and femur of postmenopausal wo-
men receiving GC therapy (15). But up-
to-date information about the effective-
ness of etidronate on fracture prevention
in GC-induced osteoporosisis lacking.
Moreover, it is still unclear if alendro-
nate, which increases bone minera den-
sity in postmenopausal osteoporosis, has
any effect in GC-induced osteoporosis.

Finally, since patients exposed to GCs
have suppressed gonadotropin secretion,
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sex steroid therapy has been proposed,
but its efficacy has been demonstrated
only inasmall number of patients.
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