
S-60

Calcitonin in glucocorticoid-induced osteoporosis / F. Wu & I.R. Reid

Parathyroid hormone treatment for glucocorticoid-induced
osteoporosis

N.E. Lane, Q. Rehman

Nancy E. Lane, M.D., Associate Professor
of Medicine and Rheumatology, Qaiser
Rehman, M.D., Fellow in Rheumatology.

Division of Rheumatology, University of
California San Francisco, San Francisco
General Hospital, Building 30, Room 3320,
1001 Potrero Avenue, Box 0811,
San Francisco, CA 94143-0811, USA.

Clin Exp Rheumatol 2000; 18 (Suppl. 21):
S60-S64.

© Copyright CLINICAL AND

EXPERIMENTAL RHEUMATOLOGY 2000.

Key words: Human parathyroid
hormone (hPTH) (1-34),
glucocorticoid-induced osteoporosis.

ABSTRACT
Parathyroid hormone (PTH) was first
used in the treatment of osteoporosis in
1929 when Fuller Albright demonstrated
an increase in skeletal calcium in rats
by injecting parathyroid extracts (1).
This was later confirmed by Hans Selye
in 1932 (2). The amino acid sequencing
of PTH was performed in the early 1970s
(3). Subsequently, small clinical studies
were initiated to determine if PTH had
therapeutic potential to augment bone
mass in osteoporotic patients (4). Since
then, a lot has been learned about the
role of the amino terminal fragments of
PTH in the treatment and prevention of
osteoporosis in animals and humans.
This article reviews the available evi-
dence for the use of PTH fragments in
osteoporosis, particularly glucocorti-
coid-induced osteoporosis (GIOP).

PTH structure and function
PTH is an endocrine hormone secreted
by parathyroid glands as an 84-amino
acid peptide. Subsequently it is cleaved
by endopeptidases into various biologi-
cally active fragments containing the
amino-terminal 34 residues and inactive
fragments consisting of the so-called
middle and carboxyl-terminal fragments
(5). Most of the circulating PTH consists
of the inactive fragments. PTH promotes
bone growth by stimulating adenylyl cy-
clase enzyme in osteoblasts and requires
the (1-31) amino acids from the amino-
terminal portion for this activity (6). PTH
receptors have not been demonstrated on
osteoclast cells and in vitro experiments
have demonstrated that osteoclast acti-
vation requires the presence of osteob-
last cells with PTH receptors (7). This
PTH-osteoblast interaction may even-
tually result in changes in the osteopro-
tegerin (OPG)/osteoprotegerin ligand
(OPGL) balance via secondary signaling
involving G-proteins, nuclear factor kap-
pa B (NF-kB) and c-jun N-terminal ki-
nase (JNK) (8, 9).

Mechanism of action of PTH
Primary hyperparathyroidism can cause
secondary osteoporosis, predominately
by stimulating osteoclast activity and in-
creasing bone resorption (10). Tam et al.
first suggested that the continuous infu-
sion of bovine PTH (1-84) causes bone
resorption in vivo, while intermittent in-
jections of the same hormone is prima-
rily anabolic (11). This has been confirm-
ed in subsequent studies of human PTH
(hPTH) (1-34), hPTH (1-84), and PTHrP
fragment therapy in both animals and hu-
mans.
The main pathologic lesion in GIOP is a
decrease in bone formation (12). Gluco-
corticoid (GC) receptors have been dem-
onstrated on osteoblasts (13). GC therapy
inhibits osteoblasts by suppressing their
replication, inhibiting the development
of new osteoblast cells and stimulating
osteoblast cell death by apoptosis (14,
15). In vivo  animal studies have found
that intermittent hPTH (1-34) therapy
prevents osteoblast and osteocyte apop-
tosis and prolongs the lifespan of these
cells, resulting in an increase in bone for-
mation (16). Moreover, it increases the
activation of lining cells in rats, leading
to increased osteoblast number and func-
tion (17, 18).
GC therapy also markedly inhibits the
synthesis of insulin-like growth factor-I
(IGF-I) and of IGF binding proteins
(IGFBP) in skeletal and non-skeletal
cells (19). In osteoblast cell cultures, GC
treatment significantly decreases IGF-I
mRNA and polypeptide levels by inhib-
iting IGF-I transcription and decreasing
the expression of IGFBP-1,3,4, and 5
(20, 21). IGF-I is among the most abun-
dant growth factors present in the skel-
etal tissue and has opposite effects to
those of GC on bone formation (19). It
is a modest mitogen for skeletal cells and
increases type I collagen synthesis, the
matrix apposition rate and bone forma-
tion, while decreasing collagenase ex-
pression by skeletal cells (22, 23). GCs
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on the other hand decrease collagen syn-
thesis. Therefore, the effect of GC on
IGF may have a significant role in GIOP.
PTH is a major inducer of IGF-I in skel-
etal tissues and its selective stimulatory
effects on bone formation may be medi-
ated by IGF-I (24, 25).
This is in contrast to the continuously
high levels of PTH fragments which ap-
pear to stimulate osteoclast activity and
bone resorption to a greater extent than
bone formation. It is not clear why the
different times of exposure to PTH frag-
ments result in different responses of
skeletal bone cells. However, recently a
cell surface protein belonging to the
tumor necrosis factor (TNF) cytokine
family known as osteoprotegerin ligand
(OPGL) has been identified. It is present
on the surface of early osteoblasts and
binds to its ligand receptor present on
the osteoclast cell surface known as
Receptor Activator of Nuclear Factor-kB
(RANK). This interaction results in os-
teoclast maturation and bone resorption.
It is regulated by osteoprotegerin (OPG),
a soluble decoy glycoprotein from the
TNFR family which is synthesized by
early osteoblasts, binds to OPGL and pre-
vents its interaction with RANK, there-
by suppressing bone resorption (26). Ini-
tiation of GC therapy results in an in-
crease in RANKL expression and a de-
crease in OPG synthesis (27). Based on
these observations, we hypothesize that
the intermittent daily injection of hPTh
(1-34) results in a favorable OPG/OPGL
ratio permitting bone formation and de-
creased bone resorption. However, with
persistent hPTH exposure, OPGL levels
may increase, resulting in osteoclast dif-
ferentiation and bone resorption (28).

Animal studies
A number of animal studies have demon-
strated that PTH fragments are anabolic
agents to the bone (30-43). Lane et al.
treated ovariectomized osteopenic rats
with daily injections of hPTH (1-34) for
4 weeks (20 injections) at various doses
(37). Using three-dimensional (3D) high
resolution x-ray morphometry methods
(XTM), the hPTH (1-34) treated animals
showed a nearly 40% increase in trabecu-
lar bone mass from baseline value (p <
0.05) and it was equal to the control
sham-operated animals. However, the

increase in bone mass was due to the
thickening of existing trabeculae and no
new trabeculae were formed by this treat-
ment. Interestingly, other investigators
have reported that the trabecular bone
mass gained after treatment with hPTH
(1-34) and hPTh (1-84) is of good qual-
ity and tensile strength (38-43). Also,
there is emerging data to suggest that
hPTH (1-34) therapy may accelerate
fracture healing (44, 45).

Human studies
The encouraging results with the use of
PTH fragments in animal models of os-
teoporosis led to an interest in their use
in clinical studies involving humans. In
addition, several studies demonstrated
that trabecular bone mass and structure
was preserved in patients with mild pri-
mary hyperparathyroidism (46-51), even
among postmenopausal women expect-
ed to have an accelerated trabecular bone
loss due to estrogen deficiency (50, 52,
53). Histomorphometric studies in these
patients showed an increase in the indi-
ces of trabecular bone connectivity de-
spite high bone turnover, with an in-
crease in trabecular wall width and an
active formation period consistent with
an "anabolic" action of PTH on trabecu-
lar bone (48-54).
Initial observational studies using PTH
fragments to treat osteoporosis in hu-
mans demonstrated a positive effect in
increasing bone mass (55-58). This was
followed by several uncontrolled clini-
cal trials. Reeve et al. studied 21 men
and women with involutional osteoporo-
sis treated with hPTH (1-34) 400-500 U
for 6-24 months. There was a significant
increase in bone formation and skeletal
mass with a marked increase in bone
accretion, cancellous bone volume and
osteoid surface on iliac crest biopsies.
However, there was no improvement in
calcium retention (59). Slovik et al. stud-
ied 8 men (mean age 50 years) with idi-
opathic osteoporosis confirmed by iliac
crest biopsy and characterized by ≥ 1
vertebral fracture and low bone density,
who were treated with the daily subcu-
taneous injection of 400-500 U of hPTH
(1-34) plus oral calcium (15-30 mmol)
and 0.25 micrograms of 1,25(OH)2 D3
daily for one year. Trabecular vertebral
bone density increased significantly in

all the patients tested (198% increase
from baseline, p  < 0.001) with an im-
provement in calcium retention (60).
Neer et al. studied osteoporotic women
treated with a similar combination of
hPTH (1-34) and active vitamin D (cal-
citriol) and found a 32% increase in ver-
tebral bone mass by quantitative com-
puterized tomography (QCT) (12% in-
crease by dual photon absorptiometry)
(61). In another study, Reeve et al . re-
cruited 12 patients with vertebral frac-
ture osteoporosis and treated them with
hPTH (1-34) injections for one year com-
bined with antiresorptive agents (estro-
gens, n = 9, nandrolone, n = 3). There was
a significant increase in indices of whole
body bone formation (p < 0.005) and an
increase in trabecular bone volume (62).
Finkelstein et al. conducted the only pla-
cebo-controlled, randomized clinical
trial using hPTH (1-34) to prevent bone
loss. Forty pre-menopausal women start-
ing nafarelin (gonadotropin releasing
hormone analogue) for the treatment of
endometriosis were studied for 6 months.
Half of them were treated with hPTH (1-
34) 40 micrograms daily and the other
half served as a control (63). At the end
of the study, patients receiving hPTh (1-
34) + nafarelin had increased spinal bone
mineral density (BMD) in the lateral pro-
jection by 3.4% (p = 0.01) while the con-
trol group lost spinal BMD by 3.5% in
the same projection (p < 0.001). Radial
bone mineral density did not change in
either group, while the femoral neck
BMD decreased slightly and similarly in
both groups. The same group conducted
a longer (12-month) randomized, pla-
cebo-controlled trial of 43 women simi-
larly divided between nafarelin only and
nafarelin plus PTH groups (64). While
the nafarelin only group lost bone mass
(4.9% AP spine, 4.7% femoral neck,
4.3% trochanter and 2.0% total body) at
one year, the active PTH treatment group
gained bone mass at the AP spine by
2.1% and had no bone loss from the fe-
moral neck, trochanter and total body de-
spite severe estrogen deficiency.
Hodsman et al. studied 30 postmenopau-
sal women with osteoporosis (mean age
67 years) treated every 3 months with a
28-day cycle of hPTH (1-34) (800 U)
injections for 2 years. Sixteen patients
also received sequential calcitonin im-
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mediately after hPTH (1-34) and 14 pa-
tients received placebo. After two years,
lumbar spine BMD in the hPTH (1-34)
only group increased by 10.2%, compar-
ed to a 7.9% increase in the hPTh (1-34)
+ calcitonin group (p < 0.001). The BMD
at the femoral neck changed by +2.4%
and -1.8% repectively (not significant).
The vertebral fracture incidence was 4.5/
100 patient-year in the hPTH (1-34) only
group compared to 23/100 patient-year
in the hPTH plus calcitonon group (p =
0.078) (65). Lindsay et al. conducted a
3-year randomized controlled trial using
hPTH (1-34) 400 U per day in postmeno-
pausal women with osteoporosis taking
hormone replacement therapy and com-
pared them to a matched group of women
taking HRT only. Parathyroid hormone
fragment (1-34) therapy at 25 micro-
gram/day resulted in a significant in-
crease in BMD, averaging 13% at the
spine (p < 0.001), 2.7% at the hip (p =
0.05) and 8% in the total body-bone min-
eral (p = 0.002) without any loss of BMD
at any skeletal site (66). Significantly
fewer fractures were seen in the PTH
treatment group (p < 0.04) using the 15%
vertebral height reduction criteria.
The successful and safe use of PTH frag-
ments in postmenopausal and involu-
tional osteoporosis led to the use of these
agents in GIOP. GIOP is a disease of
decreased bone formation characterized
by thinning of the trabecular plates. Since
treatment with amino-terminal PTH frag-
ments in animal models of osteoporosis
increased bone formation and thickness
in the existing trabeculae, it seemed logi-
cal to test whether the same treatment
could override the suppressive effects of
GC on bone formation and increased bone
mass. Lane et al. performed a random-
ized controlled clinical trial in postmeno-
pausal women on chronic GCs and hor-
mone replacement therapy (67), specifi-
cally 51 postmenopausal (≥ 3 years) os-
teoporotic women on chronic GC (aver-
age 8.5 mg prednisone/day), who were
also on HRT for >  1 year. All subjects
received calcium (total 1500 mg/d) and
vitamin D (800 IU/d) supplementation,
and 23 women received hPTH (1-34) 40
micrograms/day for 1 year. Subjects were
carefully monitored for calcium metabo-
lism, biochemical markers of bone turno-
ver and bone densitometry by DXA and

QCT at frequent intervals. All subjects
tolerated the therapy well. At the 4-week
visit, serum osteocalcin, a marker of os-
teoblast activity, had increased to nearly
150% over the baseline level. Deoxy-
pyridinoline cross-links, a urinary mark-
er of bone resorption, also increased at 4
weeks but did not reach the level of oste-
ocalcin until 6 months, showing an un-
coupling of bone turnover in favor of
formation. BMD of the lumbar spine in-
creased in the hPTH (1-34) treated group
by nearly 6% at 6 months and by 11%
after 12 months by DXA scan. QCT of
the lumbar spine, a measure of trabecu-
lar bone volume, increased nearly 35%
after 12 months of hPTH (1-34) therapy.
There was no significant change in BMD
in the control group. These subjects were
followed for an additional year off the
hPTH (1-34) therapy with similar out-
come measures (68). Interestingly, it
took 9 months after the cessation of
hPTH (1-34) therapy for biochemical
bone markers to return to baseline. In ad-
dition, at the end of the second year of
observation, the bone mass of the hip in-
creased nearly 5% over the baseline lev-
els. Therefore, treatment of postmeno-
pausal women on chronic GCs and HRT
resulted in a dramatic increase in lum-
bar spine and hip bone mass. This treat-
ment was safe and there were no signifi-
cant adverse effects.

Conclusion
Intermittent injections of the amino-ter-
minal fragments of human parathyroid
hormone have an anabolic action on tra-
becular bone which is quite potent and,
when used for up to 3 years in duration,
it appeared to be quite safe. GC use is
associated with a significant reduction
in bone formation leading to rapid bone
loss and fractures. hPTH (1-34) therapy
dramatically increased bone mass in os-
teoporotic post-menopausal women on
GC and hormone replacement therapy.
It is our hope that in the near future, we
will have this anabolic bone building
agent to reduce osteoporotic fractures
risk in our GC-treated patients.
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