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The role of parathyroid hormone related protein (PTHrP) in bone
metabolism: from basic to clinical research

INTRODUCTION

Interest in parathyroid hormone related protein (PTHrP) emerged from cancer-associated hypercalcemia, the most
common paraneoplastic syndrome affecting up to 20 % of patients with advanced cancer (1). Back in the 1980s it
was reported that most patients with tumor hypercalcemia showed characteristics of pseudo-hyperparathyroidism,
which prompted thinking of PTH or a similar factor secreted by the tumor as the culprit of this syndrome. It was at
the end of this decade when three independent groups isolated and characterized the true causal factor, which, as
it turned out to be, showed a structural similarity with PTH in its N-terminal end; hence the name it is known for,
PTHrP (2-4). PTHrP elevated plasma levels have been detected in most patients with tumor hypercalcemia (5,6) in
whom PTHrP induces an increase of bone resorption and tubular calcium resorption as the cause of hypercalcemia.

However, its characterization led to an unexpected result: PTHrP turned out to be a cytokine that is present in a
wide variety of normal tissues, where it exerts auto/paracrine and/or intracrine actions; as a matter of fact, tumor
hypercalcemia is one of the few situations in which PTHrP exerts endocrine actions due to tumor hypersecretion
(7). Therefore, the discovery of PTHrP is a magnificent example of translational research in biomedicine: the clinical
research of a paraneoplastic syndrome ended up with the discovery of a new cellular cytokine. As a matter of fact,
as we will see below, PTHrP “has come back to clinical research” somehow, as today it is regarded as a new agent in
the pharmacological armamentarium of bone-forming agents in osteoporosis.

PTHrP: A MULTIFUNCTIONAL CYTOKINE IN BONE METABOLISM

The PTHrP gene contains multiple exons and is located in the short arm of chromosome 12, in a position analogous
to that of the PTH gene in chromosome 11, and they both share a common ancestral origin. By alternative mRNA
processing, the PTHrP gene in humans results in 3 protein isoforms of 139, 141, and 173 amino acids. Its proteolytic
breakdown creates several fragments with different bioactivity (7,8) (Fig. 1). Its N-terminal fragment contains struc-
tural similarities with PTH, in both 1-13 and 14-34 regions, which allows its interaction with the same PTH receptor
type 1 (PTHR1) (9). The middle region contains a nuclear/nucleolus localization domain (NLS) with specific functional
properties in several cellular types including osteoblasts (10). The C-terminal fragment contains the (107-111) se-
quence (known as osteostatin), a powerful inhibitor of osteoclastic activity (11,12) whose osteogenic properties will
be discussed below in this editorial.

PTHrP is abundant in bone tissue, being present in the bone marrow hematopoietic cells, chondrocytes, and os-
teoblastic lineage cells (8). The importance of the osseous role of PTHrP has been described in mice with genetic
manipulation of its gene. The comparison of mice with homozygotic suppression of the PTHrP (-/-) or PTH (-/-)
gene leads to interesting results: while the latter mice showed bone dimorphism but are viable, the former mice
showed severe chondrodysplasia with reduced endochondral development and excessive mineralization causing
death by asphyxiation of these unborn mice (13). PTH (-/-) mice in the post-natal stage show more trabecular
bone associated with a PTHrP increase. As a matter of fact, this increase disappears when they are crossed with
PTHrP (+/-) mice (14). Mice with PTHrP haploinsufficiency are viable and show early osteoporosis at 3 months of
age, which is characterized in the appendicular skeleton by a reduction in bone volume and changes in trabecular
structure, increased osteoblastic apoptosis, and osteoprogenitor deficit in the bone marrow (15). In addition, the
anabolic effect of intermittently administered PTH (1-34) was more significant in these PTHrP (+/-) mice (15). This
suggests that the different bony levels of PTHrP could explain the variability observed in the anabolic response to
teriparatide [commercialized PTH (1-34)] in osteoporotic patients. These findings are indicative that PTHrP is an
essential factor for trabecular bone maintenance during growth. Bone PTHrP deficiency could contribute to low
bone formation in involutional osteoporosis since its expression is reduced in the long bones of old mice and in

©Copyright 2023 SEIOMM and ©Aran Ediciones S.L. This in an Open Access article under the licence CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).
| Rev Osteoporos Metab Miner 2023;15(1):1-5 |



2 P. ESBRIT

primary human osteoblasts with the donor’s age (16,17). In addition, mutant mice that express a truncated PTHrP
(1-84) show delayed growth, as well as bone apoptosis, early senescence, and osteopenia (18). More recently by
transfecting osteoblastic cells with plasmids that express mutated forms of PTHrP, we were able to prove an effect
of the NLS domain on osteoblast viability and osteoblastic differentiation (10). In addition, the C-terminal region of
PTHrP has proven capable of inhibiting IL-1beta-induced senescence in primary human osteoblast cultures from
patients with arthrosis (19). In vitro studies have also demonstrated the capacity of the C-terminal fragment of
PTHrP —similar to that of the N-terminal fragment homologous to PTH— to increase osteoblastic viability in
primary human osteoblasts (20). Interestingly, this effect of the C-terminal PTHrP fragment turned out to be
strictly dependent on the transactivation of vascular endothelial growth factor receptor-2 (VEGFR2) (20,21). The
anti-apoptotic effect of PTHrP in osteoblasts is particularly important because it is an essential element in the PTH
anabolic action (22).

Using the ovariectomized mouse as an established model of primary osteoporosis, our group was able to prove a
similar efficacy of both PTHrP N- and C-terminal peptides administered every two days for 4 to 8 weeks to improve
the deteriorated trabecular structure in the femur by using micro-computed tomography (uCT); an effect associated
with an increase in osteocalcin, a bone formation marker, and an inhibition of resorptive markers, including the
expression of the SOST gene in bone tissue and pyridinoline residues resulting from degradation of type 1 collagen
in plasma (23). Andy F. Stewart et al. pioneered the use of PTHrP (1-36) to study its efficacy in humans with primary
osteoporosis. The daily injection of this peptide at doses greater than that of PTH (40 pg) for 3 months in post-me-
nopausal women caused a similar bone mineral density increase in the lumbar spine with both peptides, although it
was greater in the hip (a predominantly cortical bone) and in the femoral neck with PTHrP. In addition, PTH increa-
sed the N-terminal propeptide and C-terminal telopeptides of type 1 collagen, bone formation and bone resorption
markers, respectively, while PTHrP (1-36) only affected the first marker (24). More recently, a peptide derived from
PTHrP (1-36) has been synthesized with 10 amino acidic substitutions in its C-terminal end —abaloparatide— which
has proved effective increasing bone mass with lower risk of hypercalcemia compared to teriparatide treatment
(25). Therefore, in a stage 2 clinical trial in post-menopausal women with severe osteoporosis it was observed that
abaloparatide was more effective compared to teriparatide increasing bone mineral density in extravertebral skele-
tal locations. In addition, the double-blind, multicenter stage 3 placebo-controlled clinical trial Abaloparatide Com-
parator Trial In Vertebral Endpoints (ACTIVE) has demonstrated the greater efficacy of abaloparatide at 18 months
reducing the risk of spinal and non-spinal fractures in this situation. Abaloparatide has been approved by the FDA
for the management of post-menopausal osteoporosis with high risk of fractures. The differences of action on the
resorptive component between PTH and PTHrP are attributed to their interaction with different PTHR1 conforma-
tions: PTH predominantly with G protein-independent conformation (R0) resulting in a prolonged AMPc response
that favors the resorptive component through RANKL; PTHrP with a G protein-dependent conformation that indu-
ces a shorter response, thus favoring its anabolic action (25).
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Figure 1. Processing of PTHrP protein isoforms.
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Post-fracture bone regeneration can be compromised in osteoporosis and the current data indicate that systemic
PTH is effective in this respect (26). Therefore, effectiveness of PTHrP was evaluated in an experimental bone re-
generation model, medullary ablation in the tibia (27). Using osteoporotic mice treated with methylprednisolone,
we demonstrated that the sequential administration (every 2 days) of PTHrP (1-36) or PTHrP (107-139) increased
bone regeneration after medullary ablation (28). Taking this finding into account, we studied the possible os-
teo-regenerative effect of osteostatin, the sequence responsible for the anti-resorptive action of the C-terminal
fragment of PTHrP (11), whose structural simplicity makes it especially attractive from a translational standpoint.
Impregnation with osteostatin of mesoporous silica ceramics (SBA-15, synthesized and characterized by Prof.
Vallet-Regi et al.) gives osteogenic properties to the biomaterial in murine osteoblast cultures of the MC3T3-E1
cell line (29). Implantation of this same material with osteostatin in a cavitary defect (that does not regenerate
on its own) in the femoral epiphysis of healthy or osteoporotic rabbits induced new bone formation at 4-8 weeks
in healthy animals (30), and at 2 weeks in osteoporotic rabbits (31). Subsequently, a biodegradable material
(a gelatin-glutaraldehyde-coated hydroxyapatite polymer) was used impregnated with osteostatin or PTHrP
(1-37) and implanted in a non-cavitary defect in the tibia of old osteopenic rats with or without diabetes mellitus.
The presence of either PTHrP peptide in the graft induced the complete repair of the bone defect in a similar
way at 4 weeks (32). An aspect particularly interesting in relation to osteostatin is that its in vivo anabolic action
has been demonstrated in a diabetic mice model (with low bone formation). Dynamic bone histomorphometry
demonstrated that treatment with equivalent doses of osteostatin or PTHrP (1-37) for 3 consecutive days norma-
lized the decreased mineralize surface and the mineral apposition rate at 2 weeks, as well as bone formation, in
the vertebrae of these mice (33).

In conclusion, PTHrP has turned out to be an essential factor for bone tissue development and maintenance. In
addition, its osteogenic actions are not limited to its N-terminal region sharing structural similarities with PTH. The
aspects discussed in this editorial have a special meaning considering the increased involutional osteoporosis asso-
ciated with our longevity, which determines the growing demand for osteo-forming and osteo-regenerating mole-
cules to repair fractures due to bone fragility. Therefore, basic and translational research have proven to be crucial
to identify new PTHrP-based therapeutic strategies: in clinical use like abaloparatide or in potential development
like osteostatin —a peptide derived from the C-terminal sequence of PTHrP— whose properties make it particularly
attractive to promote bone formation and bone regeneration (Fig. 2).
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