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Parathyroid hormone related protein in oral
squamous cell carcinomas invading the
mandible

F P Dunne, S J Bowden, J S Brown, W A Ratcliffe, R M Browne

Abstract
Aim-To assess parathyroid hormone re-
lated protein (PTHrP) as a candidate bio-
chemical marker of invasion of the
mandible by oral squamous cell car-
cinoma.
Methods-Tumour PTHrP concentrations
were quantitated by immunoassay, and
PTHrP was detected by immunohisto-
chemistry, in a cohort of 24 primary
squamous cell carcinomas of the mand-
ible.
Results-PTHrP was identified in all tu-
mours examined, but no correlation was
found between scores of the intensity and)
or consistency of staining or tumour
PTHrP concentrations and the histo-
logical classification of tumour invasion.
Conclusion-Although PTHrP was pres-
ent in all squamous tumours studied, there
was no correlation between PTHrP ex-
pression and pattern of tumour invasion.
However, tumour derived PTHrP may act
locally to influence tumour growth and
differentiation and resorption of bone.
(J7 Clin Pathol 1995;48:300-303)
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In normal adult bone there is a continuous but
slow process of remodelling involving os-

teoclastic resorption and osteoblastic new bone
formation. These processes mainly involve the
endosteal bone surfaces with much more lim-
ited change occurring on the periosteal aspect.
The invasion of bone by tumour may be as-

sociated with an increase in both osteoclastic
and osteoblastic activity. Before invasion of the
mandible, squamous cell carcinomas in close
proximity to bone initially induce deposition
of new bone, especially on the periosteal sur-
face. In the early stages of tumour invasion the
haemopoietic marrow is replaced by fibrous
tissue and as tumour invasion continues so

does the fibrosis ofthe marrow and osteoclastic
resorption. Deposition of new bone can also
occur in uninvaded parts of the mandible, pos-
sibly as a local response to the presence of
squamous cell carcinoma in soft tissues.' Two
distinct types of invasion of the mandible by
oral squamous cell carcinomas have been de-
scribed."A In the arrosive pattern the tumour
advances on a broad front separated from bone
by a layer of connective tissue and osteoclasts
are present in the region between bone and
connective tissue. By contrast, the invasive pat-

tern is associated with fingers and islands of
tumour tissue which invade cancellous spaces
with no intervening layer of connective tissue
and little osteoclastic activity. Both types of
invasion have been reported to occur con-
currently in the same specimen, the arrosive
pattern tending to precede and develop into an
invasive lesion. In addition, the greater the
tumour burden in the involved bone the more
likely the pattern of infiltration is invasive in
type (personal communication, 1994, Brown
and Browne).
At present, preoperative imaging is unreliable

and there are no reliable tumour markers to
distinguish these different types of tumour in-
vasion. Such information would enable the
surgeon to more accurately determine the ex-
tent of mandibular resection required for
effective treatment. In seeking a new bio-
chemical marker for invasion of the mandible
by squamous cell carcinomas, we have studied
parathyroid hormone related protein (PTHrP).
PTHrP is a tumour derived calciotropic hor-

mone, first isolated in 1987."6 It shares se-
quence homology with parathyroid hormone
(PTH) at the amino terminus where eight of
the first 13 amino acids are identical,7 enabling
PTHrP to mimic the actions of PTH on bone
by interacting with PTH receptors.8 The role
of PTHrP as the primary humoral factor re-
sponsible for bone resorption in the syndrome
of humoral hypercalcaemia of malignancy
(HHM) is now firmly established. There is
high frequency of expression of both PTHrP
messenger RNA (mRNA) and peptide in
squamous cell tumours irrespective of the cal-
cium status of the patient.9 In addition, PTHrP
has growth factor activity,l0- and recent stud-
ies have found a positive correlation between
production of PTHrP by tumours and the
degree of tumour invasion. 13 14
The aim of this study was to examine the

expression of PTHrP in a cohort of 24 primary
squamous cell carcinomas of the oral mucosa
invading the mandible and to compare the
pattern of tumour invasion with the expression
of the peptide in tumours, quantitated by
immunoassay and detected by immuno-
histochemistry.

Methods
Twenty four patients with primary oral squam-
ous cell carcinomas associated clinically with
invasion of the mandible were included in the
study. All were normocalcaemic at the time of
surgery. The tumours were classified into four
histological groups according to the pattern
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of invasion as follows: seven invasive, seven
arrosive, four mixed pattern, and six non-in-
vasive. The degree of differentiation was clas-
sified according to a simple three point scale
(poorly differentiated, moderately well differ-
entiated, or well differentiated).
Tumour tissue for immunohistochemistry

obtained at the time of operation was fixed
in formalin and embedded in paraffin wax.

Representative paraffin wax blocks were se-

lected from each case and 5 gm sections cut.
Tissue portions of eight tumours (0.2-10 g)
were sliced finely and immediately frozen in
liquid nitrogen or dry ice and stored at - 70°C
for later extraction and quantitation of PTHrP
by immunoassay. Blood for assay of plasma
PTHrP 1-86 was collected preoperatively with
lithium heparin as the anticoagulant, separated
within 15 minutes, and the plasma stored
frozen until assay.

Immunohistochemistry was performed on

tumour tissue using a method described pre-
viously.10 Endogenous peroxidase activity was

blocked by treatment of sections with hydrogen
peroxide, periodic acid and finally potassium
borohydride. The primary rabbit antiserum
(code 3592, bleed 6) to PTHrP 37-67 was

applied at a dilution of 1 in 200 for 30 minutes
at room temperature. This antiserum is specific
for residues 51-62 and shows no significant
cross-reactivity with PTH or other sub-frag-
ments of PTHrP .'5 The second antibody was

a peroxidase conjugated sheep antirabbit im-
munoglobulin (The Binding Site, Birmingham,
UK) applied at a dilution of 1 in 100. Per-
oxidase was localised with diaminobenzidine
(2 5 mg/ml) and hydrogen peroxide 0 3% (v/v)
in phosphate buffer, and nuclei counterstained
with Mayer's haematoxylin. Two consecutive
sections of each tumour were stained and each
batch included known positive and negative
controls. In addition, the primary antibody was
omitted or replaced with non-immune rabbit
serum, or the primary antibody was pre-
incubated with PTHrP 37-67 (0 4 g/l) for 24
hours at 4°C. Staining oftumours was assessed
by an independent observer.

Interpretation of the staining was based on

the technique of Nadji and Morales.'6 The
consistency of staining was scored as follows:
(+)=<10%, (+ +)= 10-50%, (+ + +)=50-
70%, (+ + + +)=>70%. The intensity of
brown staining was also graded in relation to
that of a positive lung tumour control which
was used throughout: (+ ) = very light, (+ +) =
moderate, (+ + +) =very dark.

Tissue was extracted by homogenisation in
10 volumes of 1 M acetic acid as previously
described. 7 After one hour of incubation on

ice, the homogenate was centrifuged at
13 000 x g for five minutes and the supernatant
fluid was frozen, lyophilised and reconstituted
in assay diluent for quantitation of PTHrP by
immunoassay.
PTHrP 1-86 immunoreactivity in ly-

ophilised tumour extracts (1 ml) and column
fractions (0 53 ml) reconstituted in assay

buffer, phosphate buffered saline ((PBS), pH
7-4, containing 0-25% Polypep, 0-1%
Triton x 100 and 0-01% sodium azide) was

measured by a validated two-site im-
munoradiometric assay (IRMA).'6 The assay

is specific for residues 17-61 of PTHrP and
the detection limit of the assay is 0-23 pmol/l.
Tissue extracts were diluted serially for assay

(for example, 1 in 5 to 1 in 160). The protein
content of reconstituted tumour extracts was

determined by a protein microassay (Bio-
Rad).
Gel filtration chromatography was per-

formed as previously described.'8 Tissue ex-

tract, reconstituted in 1 ml assay diluent, was

applied to a Bio-Gel P100 column (100 x 1 cm)
equilibrated in 1 M acetic acid. Fractions of
0-53 ml were collected, lypohilised and re-

constituted in assay diluent for quantitation of
PTHrP 1-86 activity. The column was cal-
ibrated with the following protein standards
and iodinated PTHrP peptides: bovine serum

albumin, 66 kDa; carbonic anhydrase, 29 kDa;
"5I-PTHrP 1-141, 16 kDa; cytochrome c,

12.4 kDa; '251-PTHrP 1-86, 9-9 kDa; ap-

rotinin, 6-5 kDa; and '25I-(Tyr')-PTHrP-34,
4*1 kDa.

Table 1 Histology and immunohistochemical detection ofPTHrP in tumours invading the mandible

Immunohistochemistry

Patient No. Invasion Degree of differentiation Intensity Consistency Site of tumour

1 Invasive Moderate + + + + Alveolar
2 Invasive Moderate + + Retromolar
3 Invasive Poor + + + + + Unknown
4 Invasive Well + + + + Retromolar
5 Invasive Moderate + + + + Retromolar
6 Invasive Moderate + + + + Alveolar
7 Invasive Moderate + + + +++ Retromolar
8 Arrosive Moderate + + + + + Floor of mouth
9 Arrosive Moderate + + Buccal mucosa
10 Arrosive NA + + + + + + + Retromolar
11 Arrosive Well + + + + Retromolar
12 Arrosive Well + + + + + Alveolar
13 Arrosive Moderate + + + + + Retromolar
14 Arrosive Moderate + + + + Submental
15 Mixed Moderate + + + + + Floor of mouth
16 Mixed Well + + + + Alveolar
17 Mixed Moderate + + + + + + Alveolar
18 Mixed Well + + + + Retromolar
19 Non-invasive Well + + + + Floor of mouth
20 Non-invasive Well + + + + Retromolar
21 Non-invasive Well + + + + Floor of mouth
22 Non-invasive Well + + + + + Floor of mouth
23 Non-invasive Moderate + + + + Floor of mouth
24 Non-invasive Moderate + + Tongue

NA, not available.
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Table 2 Concentration of PTHrP in oral squamous cell
carcinomas

PTHrP 1-86
immunoreactivity Immunoreactivity

Patient No. (finollg wet weight) (pmollg protein)

5 48 13
6 3869 1517
7 218 52

12 1650 351
14 1716 5361
18 1105 363
23 3898 555
24 2430 2847
Median 1683 459

Immunoreactive PTHrP 1-86 was quantified by a two-site
immunoradiometric assay and expressed in terms of the wet
weight of the tissue and protein content of the tissue extract.

Figure 1 Positive immunostaining for PTHrP in an oral squamous cell carcinoma
invading the mandible.

Immunohistochemical staining was scored
for both intensity and consistency, and log-
arithmic regression, using the GLIM 3-77
(Generalised Linear Interactive Modelling)
package,'8 was used to examine the relation
between the intensity and consistency of
PTHrP immunostaining in tumours and
tumour invasion. GLIM 3-77 software is avail-
able from Numerical Algorithms Group Ltd,
Oxford, UK.

Results
PTHrP was detected by immunohisto-
chemistry in all 24 tumours examined ir-
respective of the degree or pattern of invasion.
In the majority of tumours the intensity and
consistency of staining was moderate to
strongly positive (either + + or + + +). Only
three tumours, one from each subgroup,
showed weak intensity and consistency of stain-
ing (+) (table 1). The pattern of staining was
cytoplasmic and homogeneous and parallel sec-
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tions treated with non-immune serum or pre-
absorbed PTHrP antibody were negative.
Immunohistochemical staining did not cor-
relate with the pattem of invasion. There were
no significant correlations between the intensity
and/or consistency of staining for PTHrP and
the invasiveness or degree of differentiation of
the tumour (table 1).
Tumour concentrations ofPTHrP are shown

in table 2. In all cases PTHrP was extracted
from tumours diluted in parallel to the standard
in the immunoassay. PTHrP 1-86 activity was
detected in all eight tumours examined, al-
though no concordance was found between the
concentrations measured and the intensity or
consistency of staining by immunohisto-
chemistry. Tumour PTHrP concentrations
were in the range 48-3898 fmol/gtissue (median
1683 fmol/g tissue) and 13-5361 pmol/g pro-
tein (median 459 pmol/g protein) (table 2).

In order to further characterise the PTHrP
immunoreactivity present in tumours, gel fil-
tration chromatography was performed on
three tumour extracts and 1-86 im-
munoreactivity was measured in the resulting
column fractions. Elution profiles are shown
in fig 2. The major component eluted at ap-
proximately 30 kDa and there was also evidence
of a second component eluting at ap-
proximately 20 kDa.

Discussion
PTHrP was identified by immunohisto-
chemistry in all 24 squamous cell tumours of
the mandible. Similar high frequencies
of expression have previously been found in

iours from various tumours of squamous cell type from
ase 6 both normocalcaemic and hypercalcaemic
ase 12 patients.9 1920 In the majority of tumours of the
ase 14 mandible studied, staining was cytoplasmic,

and scores of intensity and/or consistency of
staining were unrelated to the histological
pattern of tumour invasion.

so 70 80 PTHrP 1-86 concentrations quantified in
the tumour extracts (range 48-3898 fmol/g tis-
sue) were within the range previously found

ractedfrom a in other tumours from normocalcaemic and
zandible.
1-86 hypercalcaemic patients (<4-4630 fmol/g tis-
'io-gel P10O sue)17 and there was no evidence to suggest
was calibrated that PTHrP concentrations in the tumours
rbonic anhvdrase;Ca(5) h2dIa' correlated with tumour invasion nor did
THrP 1-34. tumour concentrations of PTHrP correlate
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with immunostaining scored for intensity and/
or consistency. This may reflect differences in
the specificities of these techniques since the
IRMA recognises residues 17-61, while im-
munohistochemistry detects peptides con-

taining residues 49-61. The molar excess of
mid-region fragments of PTHrP relative to

PTHrP 1-86 described in normal and tumour

tissue could also account for this discrepancy.2"
Characterisation of tumour PTHrP by gel

filtration chromatography resolved a major spe-

cies of 30 kDa, together with species of lower
molecular weight eluting at 20 kDa. Similar
molecular heterogeneity has been previously
found in PTHrP extracted from both malignant
and non-malignant tissue'722 and is assumed
to reflect native isoform(s) of PTHrP together
with amino-terminal sub-fragments derived by
proteolytic processing in tumours at site(s) in
the carboxyl-terminus of the peptide.23
There is accumulating evidence to support

the local actions of PTHrP in malignant and
normal tissues. PTHrP has growth factor-like
properties in fibroblasts," osteoblastslo and em-
bryonal carcinoma cells,'2 and the presence of
high capacity, low affinity binding sites for
PTHrP in squamous carcinoma cell lines24 has
suggested that these actions are locally me-

diated. In a human keratinocyte cell line there
was evidence that endogenous PTHrP acted
as an inhibitor of cell growth25 while progressive
dysregulation of PTHrP expression and se-

cretion occurred in keratinocytes undergoing
transformation to a malignant phenotype.26
The malignant transformation associated with
cell dedifferentiation may lead to changes in
the rate of transcription of the PTHrP gene,

such as occurs when there is interaction be-
tween fibroblasts and tumour cells during
tumour invasion.27 In breast cancer expression
ofPTHrP in the primary tumour may be linked
to the spread of the tumour to bone rather than
non-bone sites.28

In conclusion, although PTHrP peptide was

present in all oral squamous cell carcinomas
studied, the intensity and/or consistency of
staining was unrelated to the pattern of tumour
invasion. However, it is possible that tumour

derived PTHrP may act locally to influence
growth and dedifferentiation and resorption of
bone.
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