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ABSTRACT Parathyroid hormone (PTH)-related protein
(PTHrP)-knockout mice die at birth with a chondrodystro-
phic phenotype characterized by premature chondrocyte dif-
ferentiation and accelerated bone formation, whereas overex-
pression of PTHrP in the chondrocytes of transgenic mice
produces a delay in chondrocyte maturation and endochon-
dral ossification. Replacement of PTHrP expression in the
chondrocytes of PTHrP-knockout mice using a procollagen
II-driven transgene results in the correction of the lethal
skeletal abnormalities and generates animals that are effec-
tively PTHrP-null in all sites other than cartilage. These
rescued PTHrP-knockout mice survive to at least 6 months of
age but are small in stature and display a number of devel-
opmental defects, including cranial chondrodystrophy and a
failure of tooth eruption. Teeth appear to develop normally but
become trapped by the surrounding bone and undergo pro-
gressive impaction. Localization of PTHrP mRNA during
normal tooth development by in situ hybridization reveals
increasing levels of expression in the enamel epithelium before
the formation of the eruption pathway. The type I PTHy
PTHrP receptor is expressed in both the adjacent dental
mesenchyme and in the alveolar bone. The replacement of
PTHrP expression in the enamel epithelium with a keratin
14-driven transgene corrects the defect in bone resorption and
restores the normal program of tooth eruption. PTHrP there-
fore represents an essential signal in the formation of the
eruption pathway.

Although parathyroid hormone (PTH)-related protein
(PTHrP) was originally discovered by virtue of its elaboration
from tumors associated with the syndrome of humoral hyper-
calcemia of malignancy, this may represent the only circum-
stance in which sufficient quantities of the peptide are released
into the general circulation to exert systemic effects (1). The
PTH and PTHrP genes represent the sequelae of an ancient
gene duplication; structural similarity and sequence homology
at the amino termini of the respective mature peptides mediate
their binding to and stimulation of the type I PTHyPTHrP
receptor with equal affinity (2, 3). Activation of this G
protein-coupled receptor on osteoblasts and renal tubule cells
is responsible for the classical effects of PTH on calcium and
phosphate metabolism and, similarly, mediates the paraneo-
plastic effects of PTHrP. PTHrP and its mRNA are typically
expressed in a focal pattern within surface epithelia, whereas
the type I receptor is diffusely distributed in the adjacent
mesenchyme (4, 5). In skeletal growth plates, PTHrP is
expressed in the perichondrium and maturing chondrocytes,
whereas its receptor is primarily found in the proximal pre-

hypertrophic layer. Thus, PTHrP appears to act locally in a
paracrine or autocrine fashion (reviewed in ref. 6).

A number of recent experiments implicate PTHrP as a
developmental regulatory molecule. Targeted overexpression
of PTHrP in the epidermis causes both delay and failure of hair
follicle initiation (7), and overexpression in mammary myo-
epithelial cells delays and profoundly diminishes the extent of
ductal proliferation and branching morphogenesis (8). Dis-
ruption of the PTHrP gene results in a lethal skeletal dysplasia
characterized by the premature maturation of chondrocytes
and accelerated mineralization of bone (9), whereas overex-
pression of the peptide in the proliferating and prehypertro-
phic chondrocytes of transgenic mice causes a profound delay
in chondrocyte differentiation and endochondral ossification
(10). In addition, a constitutively activated mutant type I
receptor is the cause of Jansen-type metaphyseal chondrodys-
plasia in humans, a disease characterized by delayed endo-
chondral bone formation (11). PTHrP thus appears to func-
tion as an attenuator of programmed differentiation in the
genesis of a number of organ systems.

Because the perinatal lethality in the PTHrP-knockout mice
prevents any assessment of potential consequences of the
absence of the peptide on postnatal development, we at-
tempted to correct the primary skeletal defects in the knock-
outs by replacing PTHrP expression in the skeleton with a
chondrocyte-targeted transgene. This approach was designed
to create a viable animal that is effectively PTHrP-null in all
tissues except cartilage.

MATERIALS AND METHODS

The generation and genotyping of PTHrP-knockout mice and
of procollagen II (col II)-PTHrP and keratin 14 (K14)-PTHrP
transgenic mice have been described (7, 9, 10, 12). Rescued
PTHrP-knockout animals were fed a liquid diet (Bioserv,
Frenchtown, NJ). Neonatal skeletons were stained with aliza-
rin red S to differentiate calcified tissues (10). Nondecalcified
sections of neonatal mandibles were stained with toluidine
blue (13). Mandibles from older mice were decalcified in 10%
EDTA for 10 days and sections were stained with hematoxy-
linyeosin. Radiographic analyses of tooth development were
carried out with a Hewlett-Packard Faxitron at 27 kV for 40
sec. Tartrate-resistant acid phosphatase activity was detected
with reagents from Sigma. Mouse skulls were prepared by
incubation with Dermestid beetle larvae (14). K14 localization
and in situ hybridization were carried out as described (7, 12).
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RESULTS

Generation of Rescued PTHrP-Knockout Mice. To this end,
we took advantage of a transgenic model of PTHrP overex-
pression targeted to proliferating and prehypertrophic chon-
drocytes via the murine procollagen (a1) type II promoter
(10). However, rather than using a line of transgenic mice with
high levels of PTHrP expression associated with a profound
delay in endochondral ossification and resultant short-limbed
dwarfism (10), we chose instead a line with lower expression
levels, in which mineralization was retarded only in the tail
vertebrae at birth and appeared to be normal soon thereafter
(see below). Expression of the transgene in these animals could
be detected only in cartilage; serum calcium levels were normal
and circulating PTHrP was undetectable (not shown). These
col II-PTHrP transgenics were crossed to PTHrP-null het-
erozygotes, and resultant offspring carrying both the transgene
and a PTHrP null allele were again crossed to PTHrP-null
heterozygotes, thereby generating col II-PTHrP transgenic,
PTHrP-null homozygous animals.

Skeletal Phenotype. As shown in Fig. 1, differential staining
of calcified tissue in col II-PTHrP transgenic, PTHrP-
knockout neonates indicated that the skeletal abnormalities
seen in the PTHrP-knockouts are largely corrected. Trans-
genic knockouts were indistinguishable from wild-type litter-
mates in size, and the limbs were of an appropriate length.
Ossification of long bones, pelvis, and vertebrae was not
premature, and there was no evidence of inappropriate min-
eralization of the costal or intersternebral cartilages. Endo-
chondral growth plates also appeared to be normal at birth
(data not shown). Mineralization of the endochondral bones of
the base of the skull appeared to be normal (Fig. 1), and cranial
doming was not evident, although foreshortening of the max-
illa and mandible, which form principally by intramembranous
ossification (15), appeared to persist. Therefore, the targeting
of PTHrP expression to chondrocytes via the col II promoter

appeared sufficient to restore the normal program of endo-
chondral differentiation in PTHrP-knockout mice.

Although rescued PTHrP-knockout mice were born at the
appropriate ratio of one in eight, less than half survived past
3 weeks of age. Although indistinguishable from their litter-
mates at birth, these animals failed to thrive and exhibited a
50% reduction in both size and weight by the time of weaning.
Because of a lack of functional dentition, rescued animals were
unable to eat solid food and were placed on a liquid diet at
weaning. With increasing age, rescued animals displayed a
progressive short-limbed dwarfism, foreshortening of the max-
illary-occipital axis, and doming of the calvarium (Fig. 2),
features typical of a classical chondrodystrophy (16). Shallow
eye sockets associated with the abnormal craniofacial devel-
opment were the apparent cause of the noticeable ocular
proptosis. Rescued PTHrP-knockout mice have a life span of
'6 months; the cause of death is presently unknown.

Failure of Tooth Eruption. As shown in Fig. 3, incisors and
molars were absent from both the mandible and maxilla of
adult rescued PTHrP-knockout mice, and the bone surfaces
overlying expected sites of eruption were intact. Murine
incisors normally emerge at '1 week of age (17), followed by
the molars (M1 through M3) beginning at '2 weeks (18).
Cranial radiographs taken at 2 weeks of age (Fig. 4) revealed
a failure of tooth eruption and root formation in the rescued-
knockouts, whereas the increased density of the incisors and
molars suggested that they had become trapped and impacted
by the surrounding alveolar bone. Histologic examination of
mandibles from rescued-knockouts in late gestation showed
that tooth morphogenesis was unaffected by the absence of
PTHrP (data not shown). By birth, however, the impaction
process began to interfere with the late stages of incisor
development. Unimpeded growth of alveolar bone in the
rescued animal (Fig. 5 A and B) compressed the epithelial
layers along the labial surface of the incisor to such a degree
that the normally prominent ameloblast layer, which is respon-

FIG. 1. Staining of calcified tissue in neonatal mice with alizarin red S. From left to right are wild-type (A), col II-PTHrP transgenic (B),
PTHrP-knockout (C), and rescued PTHrP-knockout (D) phenotypes. The PTHrP-knockout animals (C) display inappropriate ossification of the
costal cartilage (cc) and along the length of the sternum (st). These abnormalities appear to be largely corrected in the rescued mice (D), in which
ossification is confined to the sternebrae and does not extend to the costal cartilage. A magnified view of the rescued-knockout cranium (H) shows
substantial correction of the accelerated mineralization of the endochondral bones of the cranial base seen in the knockout (G); s, supraoccipital;
b, basioccipital; e, exoccipital; t, tympanic ring. The tips of the emerging mandibular incisors can be discerned in both the normal (E) and transgenic
(F) animals, but not in the PTHrP-knockout (G) or rescued-knockout (H) mice. Wt, wild type; Tg, transgenic; Ko, knockout; Rc, rescued-knockout.
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sible for enamel deposition (17), was destroyed and enamel
was lacking. Inspection of 1-week-old animals (Fig. 5 C and D)
revealed impaction in the molar teeth as well. The ameloblast
layer was still intact and enamel had been deposited, but the
molar crypt was choked with bone and the teeth were visibly
distorted. Ultimately, the teeth became irreversibly ankylosed
because of the fusion of the dental cementum with the
encroaching alveolar bone (data not shown).

The process of tooth eruption requires the resorption of the
bone overlying the direction of tooth movement by activated
osteoclasts; a similar process occurs at the base of the tooth to
permit extension of the roots (19). The failure to form an
eruption pathway in the rescued PTHrP-knockout animals,
therefore, indicated a defect in either osteoclast formation or
function. Abundant multinucleated osteoclasts were present
throughout the mandibular bone of rescued-knockouts and
could be observed along the alveolar bone surfaces surround-
ing both molars and incisors (arrows in Fig. 5E). In addition,
tartrate-resistant acid phosphatase activity, a marker of oste-

oclast differentiation (20), identified mature osteoclasts im-
mediately adjacent to teeth in the pre-eruptive phase of
development (Fig. 5F). These findings, therefore, implicated a
defect in osteoclast function, rather than an impairment of
formation or differentiation, in the failure of eruption in the
rescued-knockouts.

Localization of PTHrP and the Type I Receptor. Murine first
molars (M1) emerge through the oral epithelium between the
16th and 17th postnatal day, but the eruption process in these
teeth begins by day 10 (18). In situ hybridization of normal
molars at day 10 showed a high level of PTHrP mRNA in the
coronal epithelial layers of M1, both in the outer enamel
epithelium and in the adjacent stellate reticulum (Fig. 6). Type
I receptor mRNA was strongly expressed in the alveolar bone
surrounding M1 with the exception of the region immediately
above the tooth where the bone was already resorbed. Expres-
sion of receptor mRNA was lower, but detectable, in the dental
mesenchyme, both in the periphery of the pulp and in the
follicle layer that lies between the outer enamel epithelium and
the surrounding bone (17, 18). The development of the second
molar (M2) lags behind that of M1 by several days (18) and so,
at day 10, the stellate reticulum in M2 had just begun to acquire
high levels of PTHrP mRNA expression (Fig. 6). The bony
roof of the molar crypt above M2 was still intact at this point
and thus exhibited strong receptor mRNA expression. The
third molar (M3) is delayed by more than a week relative to M1
and expressed PTHrP only in the outer enamel epithelium
(21). The sequential nature of molar growth thus provides a
developmental time course, indicating a dramatic increase in
PTHrP mRNA expression in the epithelial layers between the
crown of the tooth and the overlying bone before the formation
of the eruption pathway.

Replacement of PTHrP in the Enamel Epithelium Restores
Tooth Eruption. Although the high level of PTHrP mRNA in
the stellate reticulum before tooth eruption strongly suggested
a role for PTHrP expression by this epithelial layer in the
formation of the eruption pathway, the contribution of other
cell types could not be excluded. Osteoblasts, for example, also
express PTHrP (22) and are present in the alveolar bone
surrounding the tooth. To establish an essential function for
epithelially derived PTHrP in the process of tooth eruption, we
attempted to replace PTHrP expression in the epithelial
component of the developing tooth in PTHrP-null mice. For
this purpose, we used a K14-PTHrP transgene that had been
previously used to target the peptide to endogenous sites of
PTHrP expression in the epithelia of the skin and the mam-
mary gland (8, 9). Several cytokeratins, including K14, are
expressed in the epithelial layers surrounding the developing
tooth (23). As shown in Fig. 7A, immunohistochemical staining
confirmed the presence of K14 expression throughout the
layers of the reduced enamel epithelium in normal murine
teeth before their eruption. This expression pattern replicates
that for PTHrP at this stage of development (21) and thus
provided the basis for the attempted phenotypic rescue.

Breeding of the K14-PTHrP transgene onto a PTHrP-null
background was carried out in a manner analogous to that used

FIG. 2. Gross appearance of rescued PTHrP-knockout mice. (A)
Relative size of a rescued-knockout mouse at 8 weeks of age (below)
as compared with a wild-type littermate (above). Foreshortening of
the limbs is apparent by this age. The cranial chondrodystrophy in the
rescued-knockout mouse (C), as compared with a normal animal (B),
includes doming of the calvarium, frontal bossing, and a flattened
snout.

FIG. 3. Comparison of skulls from adult wild-type mice (A and B) and rescued PTHrP-knockouts (C and D). External incisors and molars are
clearly absent from both the maxilla (compare A and C) and mandible (compare B and D) in these animals. The lack of functional dentition in
the rescued-knockout is superimposed on the underlying features of the cranial chondrodystrophy, which includes foreshortening of the maxilla
and mandible.
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above. K14-PTHrP transgenic, PTHrP-null heterozygotes
were first derived and then bred to the col II-PTHrP trans-
genic, PTHrP-null heterozygotes to obtain K14-PTHrPycol
II-PTHrP double transgenic, PTHrP-null homozygotes at a
frequency of 1 in 16. These doubly transgenic, rescued PTHrP-
knockout mice were identical to their col II-PTHrP rescued
counterparts with regard to growth rate, body size, life span,

normalized neonatal skeleton and progressive chondrodystro-
phy. However, both incisors and molars were observed to erupt
normally and on schedule in doubly rescued animals. Adult
mice possessed complete sets of upper and lower dentition,
although there was some crowding caused by the underlying
chondrodystrophic distortion of the jaws (Fig. 7B). An unusual
property of murine incisors, but not molars, is that they
continue to grow throughout the animal’s lifetime and are
impeded only by occlusion with the opposing teeth (19). As a
result of the uncorrected chondrodystrophy in the skulls of
doubly rescued mice, the lower, mandibular incisors protruded
beyond the upper incisors in the foreshortened maxilla (Fig.
7C), and the resultant malocclusion allowed unchecked growth
of the lower incisors. Upper incisors remained partially oc-
cluded and consequently were less affected.

DISCUSSION

Models of PTHrP overexpression have implicated this peptide
as an attenuator of programmed differentiation in the epider-
mis, mammary gland, and endochondral bone (7, 8, 10), and
disruption of the PTHrP gene has established an essential role
for the peptide in prenatal skeletal development (9). The
rescue of the PTHrP-knockout mouse has now allowed an
assessment of the effects of the peptide’s absence on postnatal
development. Rescued PTHrP-knockout animals manifested
a number of developmental abnormalities, including dwarfing,
craniofacial chondrodystrophy, and a failure of tooth eruption.
In addition, these animals displayed a defect in the early
branching morphogenesis of the mammary epithelium (12)
and abnormal epidermal differentiation (unpublished obser-
vations).

Although of normal size at birth, rescued mice exhibited
retarded growth by the time of weaning. It is possible that this
failure to thrive may simply reflect an impaired ability to nurse

FIG. 4. Radiographic analysis of tooth eruption in wild-type lit-
termates (Upper) and rescued PTHrP-knockout mice (Lower) at 2
weeks of age. Normal eruption of incisors and molars (Upper) does not
occur in the rescued-knockout mouse (Lower); the radiographic
densities apparent in the mandible and maxilla of the rescued-
knockouts represent impacted teeth. Also, the root of the lower incisor
extends under the molars to M3 in the normal mandible (arrowhead,
Upper), whereas the incisor root in the rescued-knockout fails to reach
M1 (arrowhead, Lower), a finding typical of osteopetrosis.

FIG. 5. Tooth histology. (A and B) Sagittal, nondecalcified sections of incisors from a rescued PTHrP-knockout neonate (B) and a wild-type
littermate (A) stained with toluidine blue. A well developed ameloblast layer (a) is readily apparent on the labial aspect of the normal tooth (A),
but is lacking in the mutant (B), which is crowded by the surrounding alveolar bone. The dark dentin layer (d) is intact but the adjacent enamel
(e) is absent from the labial surface of the incisor (the space between the ameloblast layer and the enamel in A is a sectioning artifact). (C and
D) Mandibles from 1-week-old wild-type (C) and rescued-knockout mice (D) were decalcified and then sectioned sagittally through the molar crypt.
Distortion of the teeth in the rescued-knockout animal caused by progressive impaction is readily apparent. The space between the ameloblast (a)
and dentin (d) layers defines the area occupied by the enamel (e) that has been removed through decalcification. (E) Magnification of an
nondecalcified sagittal section through the region between the incisor and the first molar of a mandible from a rescued-knockout animal. Osteoclasts
(arrowheads) can be seen attached to the surfaces of the alveolar bone. (F) Coronal sections of mandibles from neonatal rescued-knockout animals
were stained for tartrate-resistant acid phosphatase activity. Tartrate-resistant acid phosphatase-positive cells (stained brown) are present in the
alveolar bone immediately adjacent to the lateral aspect of the molars in a pattern indistinguishable from that found in wild-type littermates (not
shown). Wt, wild type; Rc, rescued-knockout. [Bar 5 64 mm in (A and B); 32 mm (C, D, and F), and 16 mm (E).]
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caused by the distortion of the jaws, compounded by the
absence of erupted incisors. Although a liquid diet proved
essential for survival, rescued PTHrP-knockout mice never-
theless failed to achieve a normal growth rate after weaning,
and displayed progressive stunting of the limbs. Schipani et al.
(24) have also reported the correction of skeletal abnormalities
in the PTHrP-knockout mouse, in this case by the chondro-
cyte-targeted expression of a constitutively-active type I PTHy
PTHrP receptor, and noted premature closure of the epi-
physeal growth plates in these animals; loss of endochondral
growth plate cartilage was observed in the col II-PTHrP
rescued-knockout mice as well (data not shown). Thus,
whereas transgenic expression of PTHrP (or an activated
receptor) targeted to proliferating and prehypertrophic chon-
drocytes can adequately compensate for the absence of the
endogenous peptide during the early formation of the growth
plate when these cell types are abundant, it appears to be
quantitatively insufficient to maintain the measured rate of
differentiation necessary to prevent the eventual disappear-
ance of these cell layers in the mature growth plate. This loss
of growth potential in the long bones ultimately results in
short-limbed dwarfism.

Reduction or restriction in the size of the base of the skull
and subsequent doming of the membranous bones of the
cranial vault caused by continued growth of the brain are
classical hallmarks of chondrodystrophy (16). In the PTHrP-

knockout mouse, the premature ossification of the endochon-
dral bones in the base of the skull is the likely cause of the
evident cranial chondrodystrophy (9). Because the col II gene
is expressed at high levels in the cartilage precursors of these
bones (25), accelerated mineralization of the cranial base was
essentially corrected in neonatal rescued PTHrP-knockout
mice, and prominent doming of the skull was not apparent at
this stage of development. As these animals matured, however,
they displayed an increasingly chondrodystrophic cranial phe-
notype, presumably caused by a loss of growth potential and
consequent size restriction in the endochondral bones in the
base of the skull. The failure to correct the foreshortening of
the maxilla and mandible in the rescued-knockout mice was
anticipated because of the lack of col II expression in the cell
types involved in the intramembranous ossification process at
these sites (15, 25).

Finally, the rescued PTHrP-knockout mouse revealed an
absolute requirement for PTHrP in the process of tooth
eruption. Teeth appeared to develop normally but failed to
escape from the surrounding bone or form roots and eventually
became impacted, findings that are typically associated with
osteopetrosis, a disorder of impaired osteoclast function. A
limiting step in the process of tooth eruption is the resorption
of bone overlying the crown to create an eruption pathway (19,
26). Before the scheduled eruption of the first molars in the
rodent at 2 weeks of age, the secretion of colony-stimulating
factor-1 by the dental follicle promotes an influx of mononu-
clear stem cells and a concomitant increase in the number of
multinucleated osteoclasts in the coronal portion of the bony
crypt, peaking at 3 days postnatally (27). Lesions in any of the
principal stages of osteoclast development can disable the bone
resorption process. For example, teeth fail to erupt in three of
the murine models of osteopetrosis, the opyop mutant (which
lacks colony-stimulating factor-1) and the c-fos and c-src
knockouts, because of defects in osteoclast formation, differ-
entiation, and activation, respectively (28–30). In the rescued
PTHrP-knockout mouse, osteoclast formation and differen-
tiation appeared to be normal, thus implicating a functional
defect in the failure to create an eruption pathway. In this
context then, PTHrP represents an essential signal for oste-
oclast activation that is distinct from the signal(s) mediating
the migration and differentiation of osteoclast precursors.
There is no evidence of generalized osteopetrosis, however, in
the skeletons of PTHrP-knockout mice (9) or in adult PTHrP-
null heterozygotes, which display abnormalities in trabecular
bone due to haplotype insufficiency (31). Thus, the defect in
bone resorption cannot be intrinsic to the osteoclast but must
be caused by a deficiency specific to the microenvironment of
the tooth.

Interestingly, osteoclasts surrounding the teeth of rescued
PTHrP-knockout animals did not appear to be nonfunctional
with regard to the normal turnover of alveolar bone. In
contrast to the findings in the c-src-knockout mice (30), the
alveolar bone in the rescued animals was not overtly osteope-

FIG. 6. In situ hybridization of a normal mandible sectioned
sagittally through the molar crypt and hybridized with murine probes
for the PTHyPTHrP receptor (A) and PTHrP (B). The receptor is
found principally in bone (b), but can also be detected in the dental
mesenchyme, both in the dental pulp (dp) and the dental follicle layer
(df). PTHrP localizes to the outer enamel epithelium (oe) and the
stellate reticulum (sr). Some enamel (e) remains after decalcification;
d, dentin. [The scale bar represents 0.12 mm.]

FIG. 7. Dental phenotype of doubly rescued PTHrP-knockout mice. (A) Immunohistochemical staining for K14 (dark gray) in a sagittal section
from a normal neonatal incisor localizes to the reduced enamel epithelium (re) on the labial surface. (B) Eruption of both incisors and molars
(enlarged in Insets) is readily apparent in the maxilla and mandible of an adult doubly rescued animal. (C) A sagittal radiograph of an adult
doubly-rescued PTHrP-knockout mouse clearly reveals the malocclusion of the incisors in the rescued-knockout caused by the underlying
chondrodystrophy. Note the restoration of root extension in the lower incisor (arrowhead). (Bar 5 27 mm.)

11850 Medical Sciences: Philbrick et al. Proc. Natl. Acad. Sci. USA 95 (1998)



trotic, and resident osteoclasts were found within resorption
lacunae (see Fig. 5E). Under nonpathophysiological condi-
tions, bone turnover is a precisely coordinated process, in
which the rates of formation and resorption are balanced, or
coupled, to maintain homeostasis of bone mass (32). The
formation of the eruption pathway through the overlying bone,
however, appears to represent an example of markedly un-
coupled resorption, and it is this process that is defective in the
rescued PTHrP-knockout mice. Although the capacity of PTH
(and PTHrP) to increase osteoclast activity and promote bone
resorption is well established (33), osteoclasts do not possess
functional PTHyPTHrP receptors, and their activation ap-
pears to be mediated indirectly through a paracrine or juxta-
crine interaction with osteoblasts or other receptor-bearing
cells in bone (20, 32–34). Given the restriction of the defect in
bone resorption in the rescued PTHrP-knockout animals to
the microenvironment of the tooth, however, PTHyPTHrP
receptor-bearing cells in the dental follicular mesenchyme
must also be considered as a potential source of a PTHrP-
induced activity that augments osteoclastic bone resorption.
Such a role for PTHrP would correspond to a true ‘‘PTH-like’’
function for this peptide in vivo, which would be in accordance
with the conserved amino terminal domains of the two pro-
teins and their shared use of a single receptor.
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