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Abstract. - Introduction: The aim of this
study was to investigate the presence and the
role of the parathyroid hormone-related protein
(PTH-rP) in the inflamed pulp.

Materials and Methods: Thirty-four pulp
tissue specimens (24 inflamed and 10 normal
pulps) from extracted third molars were stud-
ied. The presence of PTH-rP was observed by
using immunohistochemistry. Negative con-
trols were performed using non immunized
rabbit or mouse serum, omitting the primary
antibody.

Results: The analysis of all the sections of
normal pulps showed the presence of PTHrP
positive cells only in the odontoblastic zone and
in few fibroblasts. Instead all inflamed pulps
showed PTHrP positive cells both in vascular
zone and in pulp stroma, as well as in the odon-
toblastic and subodontoblastic zone.

Conclusion: Several works proved that this
peptide plays a role even in angiogenesis
process, but its function is controversial. It is
possible to hypothesize that PTHrP stimulates
angiogenesis, but it is recommended to further
conduct research on this area.
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Introduction

Pulpitis is a dental inflammatory process; its
principal cause is the action of pathogenic mi-
croorganisms'. Pulpitis can be reversible or irre-
versible. In reversible inflammation, the princi-
pal process is a modest increase in the activity of
the blood vessels. In irreversible inflammation,
pulpal tissues react to these challenges by in-
creasing the activity of nerves, blood vessels and

immune system, by chemotactic stimuli, and in-
terstitial fluid turnover?. An angiogenesis role is
hypothesized during the inflammation: the de-
velopment of a new vascular network is essential
for the onset and progression of many patho-
physiological processes, like neoplasias and in-
flammation®.

Many extracellular factors such as growth fac-
tors (cytokines), proteases, peptides and hor-
mones are implicated in the inflammatory and
immunological aspects of dental pulp inflamma-
tion and repair®.

Parathyroid hormone-related protein (PTHrP)
is a peptide revealed during a search for the cir-
culating factor secreted by cancers in the hu-
moral hypercalcemia of malignancy?®.

The structure of PTHrP gene is very similar to
PTH gene. It appears from the nucleotide and
amino acid homology that they share in the NH,-
terminal region.

In humans, the PTHrP gene is located on the
short arm of chromosome 12, and the PTH gene
is positioned on an analogous region of the short
arm of chromosome 11. The gene codes for three
separate isoforms through production of different
3’ transcripts; 1-139, 1-142 and 1-173. The 1-173
isoform is present only in humans®.

In adult life this hormone is present in many
tissues: skin, mammary glands, uterus, oviduct,
urinary bladder, gastrointestinal tract, vascular
system, heart coronary circulation, lung, kidney,
liver and biliary tree, central nervous system.

In particular, in the vascular system, PTHrP is
a potent hypotensive peptide. The relaxant effect
of PTHrP on vascular smooth muscle is endothe-
lium independent. In fact this peptide has been
repeatedly identified in arterial smooth muscle
studying whole artery segments, endothelium-
stripped arterial segments, and isolated vascular
smooth muscle cells”3.
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Serum and vasoconstrictors such as an-
giotensin II, endothelin-1 bradychinin and throm-
bin can induce PTHrP mRNA and its protein.
The major serum factor responsible for the in-
duction of PTH-rP is angiotensin II. It has been
reported that this factor induced PTHrP expres-
sion by transcriptional as well as mRNA stabi-
lization mechanisms’.

Angiotensin II plays also a role in the initial
destabilization of endothelium during the angio-
genesis. In fact Angiotensin II induces the expres-
sion of the Tie2 receptor ligand, angiopoietin-2
and important angiogenetic factor'’. Even some
pro-inflammatory cytokines, like the tumour
necrosis factor o (TNF-a) and interleukin 1 (TL-
1B), can increase the production of PTHrP.

Many studies supposed that PTHrP plays a
role even in normal and tumor angiogenesis'!. In
fact, this protein, produced by tumour cells, in-
fluences homeostasis of their microenviroment,
particularly targeting neighbouring endothelial
cells, and promotes tumor neoangiogenesis. A
study reported that PTHrP is produced by en-
dothelial cells but its action was only on vascular
smooth muscle'.

The aim of this study was to investigate by
himmunohistochemistry the presence of PTHrP
in the dental pulp and its cellular localization, so
to suppose a role of this peptide in the regulation
of vascular compartment during pulp inflamma-
tion.

Materials and Methods

Subjects

Thirty-four third molars were extracted from
27 patients, 24-35 years old, at the Clinic of Den-
tistry of Catholic University of the Sacred Heart,
Rome, (Italy). Medical histories of all patients in
this study were non-contributory. Thirty-four
pulp tissue specimens (24 inflamed and 10 nor-
mal pulps) were obtained. Inflamed pulp were
selected from patients, with third molar caries,
who showed spontaneous, pulsating, diffuse pain
and lingering ache in response to cold and heat
stimulus. Asymptomatic pulps were obtained
from no carious teeth as normal controls.

Immunohistochemistry

Every tooth was extracted after using anes-
thetic (mepivacaine 3%). Immediately after ex-
traction, each dental apex was cut and the re-
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maining part of each tooth was fixed with phos-
phate-buffered formalin, pH 7.2, for 4 to 18 hr.
Then the teeth lengthways were halved using a
carborundum disc under water irrigation. After
this, we extracted carefully the dental pulp using
an explorer and a dental forceps. Pulp tissue was
paraffin-embedded according to standard proce-
dures. Four-um-thick tissue sections of the coro-
nal pulp were collected on 3-aminopropyltri-
ethoxy-silane (Sigma Chemicals; Milan, Italy)
or on naturally charged slides (Dako; Milan,
Italy), allowed to dry overnight at 37C to ensure
optimal adhesion, dewaxed, rehydrated, and
treated with 0.3% H,O, in methanol for 10 min
to block endogenous peroxidase. For antigen re-
trieval, the sections were microwave treated in
0.01 M citrate buffer at pH 6.0 for 10 min and
allowed to cool for 20 min. The sections were
incubated at room temperature with normal goat
serum for 15 min and then for 1 hr with anti-hu-
man hPTHrP (dilution 1:50, clone 212-10.7;
Oncogene, San Diego, CA, USA). Indirect im-
munostaining was achieved using the ABC-per-
oxidase technique. Endogenous biotin was satu-
rated using a biotin blocking kit (Vector Labora-
tories; Burlingame, CA, USA). The peroxidase
was developed using the DAB substrate kit (Vec-
tor Laboratories). Negative controls were per-
formed using non immunized rabbit or mouse
serum, omitting the primary antibody. Pulp stro-
ma and odontoblastic zone were photographed
with a Nikon Coolpix 950 digital camera (Nikon
Corporation; Tokyo, Japan) both in inflamed and
normal pulp specimens.

Results

The analysis of all the sections of normal
pulps showed that the PTHrP immunoreaction
was present both in the nucleus and cytoplasm of
positive cells. PTHrP positive cells were local-
ized in the odontoblastic/sub-odontoblastic zone.
In the pulp core, PTHrP was expressed only by
few scattered fibroblasts (Figure 1a). No im-
munoreactive peptide was present in the vascular
compartment (Figure 1c).

In all inflamed sections, PTHrP was ex-
pressed, both in the odontoblastic/sub-odonto-
blastic cells (Figure 1b) and in the pulp inflam-
matory stroma (Figure 1d), particularly by
pulpoblasts and by endothelial and vascular cells
smooth muscle (Figure 1le,f).
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Figure 1. Sections of dental pulp stained with anti-PTH-rP monoclonal antibody. A, The image shows PTHrP immunostain-
ings only in the odontoblastic zone of a normal pulp (original magnification 100 x). B, In inflamed pulp, PTHrP was expressed
by odontoblastic and subodontoblastic cells (original magnification 100 x). C, In the core of normal pulp, PTHrP is expressed
only by scattered fibroblasts. D, In the core of inflamed pulp, PTHrP positive cells were localized in the vessels, in the pulpal
stroma and in inflammatory cells around pulp vessels (original magnification 200 x). £, PTHrP positive neoangiogenetic cells
in inflamed pulp (original magnification 300 x). F, Inflamed pulp section, at high magnification, showing a vessel with PTHrP
positive endothelial cells. Note the inflammatory cells around and into the vessel lumen (original magnification 400 x).

Discussion

Our data revealed, by immunohistochemistry,
the presence and the localization of PTHrP in
normal and inflamed pulp. Previous studies have
indicated that this peptide regulates cell growth,
development, migration, differentiation, and sur-
vival in many organs>!3,

Inflammation seems to favour a cell phenotype
reorientation and to promote the transdifferentia-
tion of some inflammatory cells into odontoblast-
like or osteoblast-like progenitors'*. In the pre-
sent research we showed the presence of PTHrP
in the subodontoblastic zone both in normal and
inflamed pulps. Some experiments conducted on

human and animal pulps, especially bovine and
rat, demonstrated a regulatory role of PTH/
PTHrP receptor in the differentiation process of
odontoblasts'>. We observed that PTHrP was ex-
pressed in the odontoblastic cells of normal pulp.
This finding is consistent with the observation
that the activation of PTH/PTHTrP receptor,
PTHIR, regulates the osteoblastic and odonto-
blastic cells during the maturation of the teeth.
The activation of this receptor is involved also in
mediating the later mesenchymal-epithelial inter-
actions that are necessary for terminal odonto-
blastic and ameloblastic cytodifferentiation'®.
Moreover, at the end of the maturation process of
the teeth, PTHIR is present in the odontoblastic
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zone and its activation is implicated in the con-
tinuous process of differentiation of the odonto-
blast-like cells, during the production of sec-
ondary dentin'’. This finding could explain the
PTHTP positivity observed in the subodontoblas-
tic zone, both in normal and in the inflamed
pulps.

In all inflamed pulps we found a great PTHrP
positivity in pulpoblasts. Many studies demon-
strated that pulp fibroblasts undergo a phenotypic
conversion into osteoblast/odontoblast-like prog-
enitors implicated in reparative dentin formation.
Many peptides and cytokines are involved in this
conversion's. Our findings suggest that also
PTHrP could play a similar role in the inflamed
pulp.

Interestingly, the vascular component express-
es PTHrP in the inflamed but not in the normal
pulp. PTHrP production is increased by many cy-
tokines, such as the tumour necrosis factor o
(TNF-a) and interleukin 1p (IL-1)". TNF-a and
IL-1p are the principal pro-inflammatory cy-
tokines, and are involved in many processes,
called “endothelial activation”. The main role of
these molecules is the synthesis of endothelial
adhesion factors and chemical agents, like
growth factors and others cytokines®.

It has been demonstrated that TNF-a and IL-
1B significantly stimulated the production of
PTHrP in a time and dose-dependent manner.
Furthermore, the induction of PTHrP mRNA by
TNF-o. and IL-18 was observed within 2 hours
and remained detectable after 4 and 12 hours, re-
spectively.

An important function of PTHrP in the vascu-
lar compartment is to activate PTHIR and to
function in a local paracrine and/or autocrine
mode to regulate vascular smooth muscle cell
tone. In this study we showed that, in the in-
flamed pulp, PTHrP is highly expressed both in
endothelial and vascular smooth muscle cells.
The presence of this peptide in the vascular zone
suggested that PTHrP may be involved in the va-
sodilative process.

Many works proved that PTHrP plays a role in
the angiogenesis, although its function is still un-
clear*'?,

The angiogenesis is present in inflammatory
processes: it starts with vasodilation, and our
findings suggest that PTHrP is involved in this
process. In this context, it is noteworthy that the
principal pro-inflammatory cytochines, such as
TNF-a and IL-18, have been reported to increase
PTHrP production®®.
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In conclusion our study suggests that PTHrP
carries out an important role in inflamed pulp
through the regulation of odontoblast differentia-
tion, vasodilatation and neoangiogenesis. How-
ever, it is necessary to get more insight into the
mechanisms of PTHrP regulatory actions in in-
flamed pulp.

References

1) MarTiN FE. Carious pulpitis: microbiological and
histopathological considerations. Aust Endod J
20083; 29: 134-137.

2) PasHLEy DH. Dynamics of the pulpo-dentin com-
plex. Crit Rev Oral Biol Med 1996; 7: 104-133.

3) Davib DonGg ZM, Aruin AC, Nicosia RE. Regulation
of angiogenesis by macrophages, dendritic cells,
and circulating myelomonocytic cells. Curr Pharm
Design 2009; 15: 365-379.

4) Caviebes-BucHeLl J, MuRoz HR, Azuero-HoLGuiN MM,
ULATE E. Neuropeptides in dental pulp: the silent
protagonists. J Endodod 2008; 34: 773-788.

5) FIASCHI-TEAESCH NM, STEWART AF. Minireview:
Parathyroid hormone-related protein as an in-
tracrine factor-trafficking mechanism and func-
tional consequence. Endocrinology 2003; 144:
407-411.

6) YANG KH, STEwarT AF. Parathyroid hormone-relat-
ed protein. The gene, its mMRNA species, and pro-
tein products. In: JP Bilezikian, LG Raisz, GA Ro-
dan (Eds.), Principles of bone biology, Academic
Press, NY, 1996.

7) Hongo T, Kuprer J, ENOMOT H, SHARIFI B, GIANNELLA-
NETO D, FORRESTER JS, SINGER FR, GoLTzmMAN D,
Henby GN, PirolA C, FAGIN JA, CLEMENTS TL. Abun-
dant expression of parathyroid hormone-related
protein in primary rat aortic smooth muscle cells
accompanies serum-induced proliferation. J Clin
Invest 1991; 88: 1841-1847.

8) PIRROLA CJ, WANG HM, STRGACICH MI, KAMYAR A,
CERCEK B, FORRESTER JS, CLEMENS TL, FAGIN JA. Me-
chanical stimuli induce vascular parathyroid hor-
mone-related protein gene expression in vivo and
in vitro. Endocrinology 1994; 134: 2230-2236.

9) PIRROLA CJ, WANG HM, Kamyar A, Wu S, ENOMOTO
H, SHARIFI B, FORRESTER JS, CLEMENS TL, FAGIN JA.
Angiotensin |l regulates parathyroid hormone-re-
lated protein expression in cultured rat aortic
smooth muscle cells through transcriptional and
post-transcriptional mechanism. J Biol Chem
1998; 286: 1987-1994.

10) O1aNI A, TAkaGI H, OH H, Koyama S, HonDA Y. An-
giotensin Il induces expression of the Tie2 recep-
tor ligand, angiopoietin-2, in bovine retinal en-
dothelial cells. Diabetes 2001; 50: 867-875.



Expression of parathyroid hormone-related protein in human inflamed dental pulp

11)

12)

13)

14)

15)

16)

17)

AKINO K, OHTSURU A, KANDA K, YASUDA A, YAMAMOTO
T, AKINO Y, NAITO S, KUROKAWA M, IwAHORI N, YA-
MASHITA S. Parathyroid Hormone-related Peptide is
a potent tumor angiogenic factor. Endocrinology
2000; 141; 4313-4316.

RIAN E, JEMTLAND R, OLSTAD OK, ENDRESEN MJ,
GRASSER WA, THIELDE MA, HENRIKSEN T, BUCHT E,
GAuTvik KM. Parathyroid hormone-related protein
is produced by cultured endothelial cells: a possi-
ble role in angiogenesis. Biochem Biophys Res
Commun 1994; 198: 740-747.

PHILBRICK WM, WYSOLMERSKI JJ, GALBRAITH S, HoLT E,
ORLOFF JJ, YANG KH, VAsSAVADA RC, WEIR EC, BROAD-
us AE, STEwarT AF. Defining the roles of parathy-
roid hormone-related protein in normal physiolo-
gy. Physiol Rev 1996; 76: 127-173.

ALFORD Al, HANKENSON KD. Matricellular proteins:
extracellular modulators of bone development, re-
modeling, and regeneration. Bone 2006; 38: 749-
757.

LUNDGREN T, STENPORT V, WETTER A, LINDE A.
Parathyroid hormone (1-34) receptor-binding and
second-messenger response in rat incisor odon-
toblasts. Calcif Tissue Int 1998; 62: 255-259.

YOKOSE S, KADOKURA H, TAJIMA Y, FUIEDA K, KATAYAMA
I, Matsuoka T, Katavava T. Establishment and char-
acterization of a culture system for enzymatically
released rat dental pulp cells. Calcified Tissue Int
2000; 66: 139-144.

CAwvi LM, SHIN HI, KNIGHT MC, WEBER JM, YOUNG
MF, GiovanNETTI A, ScHiPANI E. Constitutively active

18)

19)

20)

21)

22)

PTH/PTHrP receptor in odontoblasts alters odon-
toblast and ameloblast function and maturation.
Mech Develop 2004; 121: 397-408.

GOLDBERG M, FARGES JC, LACERDA-PINHEIRO S, SIX N,
JEGAT N, DEecupr F, SEPTIER D, CARROUEL F, DURAND
S, CHAUSSAIN-MILLER C, DENBESTEN P VEIs A, Po-
LARD A. Inflammatory an immunological aspects
of dental pulp repair. Pharmacol Res 2008; 58:
137-147.

ETo M, AKISHITA M, IsHIKAWA M, Kozakl K, YOSHIzumI
M, HasHimMoTto M, Ako J, Suaimoto N, NAGANO K,
SuboH N, Tosa K, OucHi Y. Cytochine-induced ex-
pression of parathyroid hormone-related peptide
in cultured human vascular endothelial cells.
Biochem Biophys Res Commun 1998; 249: 339-
343.

PuaGIN J, ULEviTcH RJ, ToBliAs PS. Tumor necrosis
factor-alpha and interleukin-1 beta mediate hu-
man endothelial cell activation in blood at low en-
dotoxin concentrations. J Inflamm 1995; 45: 49-
55.

BAKRE MM, ZHU Y, YIN H, BURTON DW, TERKELTAUB R,
DerFtos LG, VARNER JA. Parathyroid hormone-relat-
ed peptide is a naturally occurring, protein kinase
A-dependent angiogenesis inhibitor. Nature Med
2002; 8: 995-1008.

DiAMOND AG, GONTERMAN RM, ANDERSON AL,
MEeNON K, Orrutt CD, WEAVER CH, PHILBRICK WM,
FoLey J. Parathyroid hormone hormone-related
protein and the PTH Receptor Regulate Angio-
genesis of the Skin. J Invest Dermatol 2006; 126:
2127-2134.

475



