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Study design: A comparative study of immunostaining for parathyroid hormone-related
protein (1 ± 34) (PTHrP (1 ± 34)) in the vesical epithelium of biopsies obtained from patients
with non-neuropathic bladder and those with neuropathic bladder.
Objectives: To investigate the immunostaining for PTHrP (1 ± 34) in the control cases and in
neuropathic bladders showing (1) normal transitional epithelium, (2) hyperplastic transitional
epithelium, and (3) squamous metaplasia.
Setting: Regional Spinal Injuries Centre, and Department of Cellular Pathology, Southport
& Ormskirk Hospitals NHS Trust, Southport, Department of Pathology, Royal Liverpool
University Hospital and the Departments of Clinical Chemistry and Cell Biology, The
University of Liverpool, Liverpool, England.
Methods: Cold cup biopsies of bladder mucosa were taken from patients su�ering from
neuropathic urinary bladder when they were undergoing a therapeutic procedure in the
urinary tract. Immunohistochemistry was performed on these biopsy specimens using a rabbit
polyclonal antibody raised to a synthetic peptide corresponding to human PTHrP (1 ± 34).
Control group (n=10) consisted of archival biopsies taken from non-neuropathic bladders.
Results: In the control group, the transitional epithelium showed no immunostaining, or at
the most, very faint positive staining was seen in the transitional epithelium of non-
neuropathic bladder. Positive immunostaining to PTHrP (1 ± 34) was seen in the normal
transitional epithelium of neuropathic bladder in nine of 13 cases. Hyperplastic transitional
epithelium showed positive immunostaining for PTHrP (1 ± 34) in 11 of 13 biopsies from
patients with neuropathic bladder. Immunostaining for PTHrP (1 ± 34) was observed in the
metaplastic squamous epithelium in 14 of 17 cases with neuropathic bladder.
Conclusion: The transitional epithelium of non-neuropathic bladder showed no immunos-
taining, or at the most, very faint positive staining for PTHrP (1 ± 34). In contrast to this,
positive immunostaining for PTHrP (1 ± 34) was observed more frequently in the vesical
epithelium of neuropathic bladder. This observation opens up avenues for innovative therapy
with PTHrP or its analogues for possible modulation of urothelial di�erentiation in the
neuropathic bladder.
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Introduction

Alternate di�erentiation pathways of urothelium
Epithelial tissues show a high degree of diversity of
di�erentiation pathways, re¯ecting the unique func-
tional specialisations of di�erent epithelia. On the basis

of cytokeratin subclass expression as a correlate of
epithelial tissue development, morphology and organi-
sation, a classi®cation based on three major epithelial
`di�erentiation programmes', termed `simple', `strati®ed
squamous', and `complex' has been proposed.1 Normal
human urothelium, the strati®ed transitional epithe-
lium of the urinary bladder, is a model example of the
`complex' epithelium. Urothelium can undergo at least
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three pathways of di�erentiation: (a) transitional; (b)
squamous; and (c) glandular, characterised by the
production of uroplakins, K1/K10 keratins, and
secreted glycoproteins, respectively.2,3, Southgate and
associates4 suggested that strati®ed squamous epithelial
phenotype is the default di�erentiation programme of
urothelial cells. Urothelium shows a propensity for
squamous redi�erentiation in in¯ammatory or regen-
erative states.5

Squamous di�erentiation of urothelium in neuropathic
bladder
In the neuropathic bladder, squamous di�erentiation of
vesical epithelium is seen frequently in association with
bladder stone(s), long-term bladder catheter drainage,
or recurrent urinary infection. We observed in an
earlier study, some degree of squamous metaplastic
changes in 10 out of 40 (25%) consecutive bladder
biopsies taken from patients with neuropathic bladder.6

Spinal cord injury patients have a 16 ± 28-fold higher
risk of squamous cell carcinoma of the bladder.6 Long-
term follow-up studies of vesical squamous metaplasia
demonstrate that 15% to 28% of patients ultimately
develop carcinoma.7

The molecular mechanisms leading to squamous
redi�erentiation of vesical urothelium, and urothelial
hyperplasia in neuropathic bladder need to be
unravelled in order to develop novel therapeutic
strategies for management of neuropathic bladder in
spinal cord injury patients. Homozygous deletion of
p16/p19 was observed in squamous metaplasia from
bladder cancer patients (®ve of 11; 45%), showing that
this change occurred in preneoplastic cells.8 Squa-
mous-speci®c genes exhibit not only di�erent patterns
of tissue-speci®c expression but are also induced at
di�erent stages during di�erentiation, suggesting that
transcription of individual genes is regulated by
distinct mechanisms. Studies into these mechanisms
will provide insight into the control of squamous
metaplasia and the development of squamous cell
carcinoma.9

PTHrP and epithelial di�erentiation
Parathyroid hormone-related protein (PTHrP), origin-
ally identi®ed as a causative agent for hypercalcaemia
of malignancy, has been implicated in the regulation of
growth and di�erentiation of endochondral bone, hair
follicle, and breast as an autocrine/paracrine factor.10

PTHrP has been shown to regulate the rate of
keratinocyte di�erentiation in the skin of adult
mice.11 The primary role of PTHrP is as a local
paracrine or autocrine factor. PTHrP has putative
powerful local regulatory e�ects.12 In situ hybridization
studies have shown that PTHrP mRNA is expressed
typically in a focal pattern in surface epithelia, whereas
the receptor mRNA is distributed di�usely in the
adjacent mesenchyme. In non-neoplastic conditions of
uterine cervix, the presence of PTHrP was correlated

with the transformation of progenitor cells into
squamous epithelia.13 PTHrP-positive inner layer cells
in pleomorphic adenomas of salivary glands were
shown to represent a step in squamous differentia-
tion.14 Since squamous di�erentiation of the urothe-
lium is not uncommon in neuropathic bladder, it is
possible that PTHrP may be present in the epithelium
of neuropathic bladder.

PTHrP in the urinary bladder
PTHrP immunoreactivity has been detected in the
urinary bladder and increases in response to dilatation
secondary to obstruction.15 Increased PTHrP secretion
in response to stretch of smooth muscle raises the
possibility of an autocrine action to relax the bladder
during ®lling. PTHrP may also exert a paracrine action
on vessels regulating blood ¯ow during bladder ®lling
or it may modulate neural activity. Histochemical
studies performed on distended bladder tissue indicated
the presence of PTHrP immunoreactivity in smooth
muscle cells.16 PTHrP mRNA was expressed in the
urothelium of the pelvis of the developing mouse
kidney.10 The physiology of PTHrP has been
summarised in a previous publication in this jour-
nal.17 To our knowledge, presence of PTHrP (1 ± 34) in
the human vesical urothelium has not been described.

PTHrP and urothelial redi�erentiation in the
neuropathic urinary bladder
We postulated that PTHrP (1 ± 34) could play a role in
urothelial redi�erentiation in the neuropathic urinary
bladder analogous to its role in epithelial differentia-
tion elsewhere in the body. Therefore, we studied
immunostaining for PTHrP (1 ± 34) in the transitional
epithelium, and in di�erent urothelial redi�erentiation
programmes of neuropathic bladder.

Production of antibodies to PTHrP (1 ± 34) for
immunohistochemistry
Within the 1 ± 34 molecule, there are hundreds of
possible epitopes that could be used to produce
antibodies if an 8 amino acid sequence is chosen and
monoclonal antibodies are produced. We have chosen
the peptides for injection based on postulated cleavage
sites of the molecule, immunogenicity predictions and
sequence di�erences from other known proteins in a
protein data bank. This produces a type of antibody,
which may be highly speci®c but may not react well
with the whole (or part) PTHrP peptide because of
protein conformation/folding, which could hide the
sequence selected.

An alternative approach is to inject larger molecules
such as the 1 ± 34 sequence which is known to be
biologically active and will expose an epitope(s) which
is (are) likely to be available for binding in serum
samples or in histological sections. The number of
epitopes exposed/available will be signi®cantly lower
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than the total possible from sequence analysis but of
probable greater biological signi®cance. The epitopes
exposed are likely to raise antibodies against the most
immunogenic sequence and so it is unlikely that
multiple antibodies are produced to di�erent portions
of the molecule. We have not performed full
characterisation of the sequence that the antibody
recognises but in many ways this is irrelevant unless
the molecule is cleaved into multiple small fragments.

From chromatographic studies, PTHrP is thought
to circulate as a 34/36 amino acid N terminal
fragment, a 19 amino acid N terminal fragment, an
84 ± 90 amino acid fragment as well as possible 139,
141 and 173 amino acid molecules. All biologically
active molecules that interact with the PTH/PTHrP
receptor need to have the N terminal sequence intact
and so a polyclonal antibody raised in a rabbit to (1 ±
34) is very likely to re¯ect one aspect of biologically
active PTHrP (N terminal activity).

Patients and methods
The North Sefton Research Ethics Committee
approved this study. The criteria for inclusion were:

. Adult patients with neuropathic bladder who were
registered with the Regional Spinal Injuries Centre,
Southport, England.

. They should not be su�ering from acute urinary
infection.

. They should be undergoing an elective therapeutic
procedure in the urinary tract such as endoscopic
removal of bladder stone, insertion of a ureteric
stent, etc.

. They were given a copy of the patient information
sheet. A doctor from the spinal unit discussed this
research project with the patient and his/her spouse/
carer. If the patients were willing to participate in
this study, they gave written informed consent to
undergo bladder biopsy.
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Cold cup biopsy of the bladder mucosa was taken
from the trigone of the urinary bladder. Thereafter,
the biopsy site was fulgurated with diathermy to
achieve haemostasis. Indwelling urinary catheter
drainage was maintained after the procedure. All
patients stayed in the hospital for at least 24 h after
the procedure. They were routinely given intravenous
antibiotic prior to the procedure as prophylaxis
against urinary infection.

The control biopsies were taken from the archival
material of the Histopathology Department at the
Southport General In®rmary. This control group
represented patients with non-neuropathic bladder
who had undergone routine bladder biopsy, and
whose biopsies were either histologically normal or
showed in¯ammation only, with no evidence of
neoplasia of the transitional epithelium. None of the
controls showed hyperplasia of transitional epithelium
or metaplasia.

The biopsy specimens were ®xed in 10% bu�ered
formalin, and then embedded in Paraplast. The

histopathology of each bladder biopsy was recorded
by examining sections stained with haematoxylin and
eosin.

Immunohistochemistry was performed using a rabbit
antibody generated to a synthetic peptide representing
the amino acid sequence of 1 ± 34 of the human PTHrP
molecule. This antibody was used in a dilution of 1 in
500. For each section, a negative control of bladder
biopsy was included. This negative control section was
treated with normal rabbit serum in strength of 1 in 100
in PBS instead of the PTHrP antibody. We followed
the same methodology for immunohistochemistry as
described in our previous study.17 All tissue sections
were stained contemporaneously.

Results of immunohistochemistry for PTHrP (1 ± 34) in
the control group
In the control group, the transitional epithelium of
non-neuropathic bladder showed no immunostaining,
or at the most, very faint positive staining was seen in

Figure 1 (a) Immunohistochemistry of bladder biopsy for PTHrP (1 ± 34) in a control biopsy from non-neuropathic bladder
shows very faint positive immuno-staining in the transitional epithelium. (b) Immunohistochemistry of bladder biopsy for
PTHrP (1 ± 34) in a tetraplegic patient shows cell membrane staining in the super®cial layer of the transitional cell epithelium.
(c) Histology of bladder biopsy in a tetraplegic patient shows hyperplasia of transitional epithelium. (H&E staining). (d)
Immunohistochemistry of bladder biopsy in a tetraplegic patient shows cell membrane staining for PTHrP (1 ± 34) in the
super®cial layer of hyperplastic transitional epithelium. (e) Histology of bladder biopsy in a male tetraplegic patient with
multiple vesical calculi, shows squamous metaplasia. (H&E staining). (f) Immunohistochemistry for PTHrP (1 ± 34) in a bladder
biopsy from a SCI patient showing squamous metaplasia: Cytoplasmic immuno-staining is seen super®cially, and a membrane-
related positive staining is present in a deeper layer of squamous epithelium. (g) Bladder biopsy of a tetraplegic patient shows
glandular metaplasia. Immunohistochemistry for PTHrP (1 ± 34) shows no immunostaining in the glandular epithelium,
although focal immunostaining is seen in the transitional epithelium
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the transitional epithelium. (Figure 1a). In two
biopsies, the lymphoid in¯ammatory cells in the
epithelium stained positive for PTHrP (1 ± 34).
Lymphoid follicle showed strongly positive immunos-
taining in one case. Positive immunostaining was seen
in the blood vessels present in the stroma in another
biopsy.

Results of immunohistochemistry for PTHrP (1 ± 34) in
bladder biopsies taken from patients with neuropathic
bladder
On the basis of histopathology of bladder biopsies,
they were classi®ed as follows:

. Group 1: Biopsies showing normal transitional
epithelium (n=13)

. Group 2: Biopsies with urothelial hyperplasia
(n=13)

. Group 3: Biopsies showing squamous metaplasia
(n=17)

. Group 4: Biopsy showing intestinal metaplasia
(n=1)

Group 1: Histopathology of these biopsies showed
transitional epithelium with no evidence of urothelial
hyperplasia, metaplasia, or neoplasia. Positive immu-
nostaining for PTHrP (1 ± 34) was seen in the vesical
transitional epithelium in nine of 13 biopsies. (Figure
1b).

Group 2: Histopathology revealed hyperplasia of the
transitional epithelium in these biopsies. For the
purposes of this study, urothelial hyperplasia was
de®ned as a ¯at mucosal lesion with more than seven
cell layers of mature transitional epithelium.18 Mitoses,
where present, were limited to the basal cell layer.
There was no cytologic atypia. (Figure 1c).

Eleven of the 13 biopsies with hyperplasia of
transitional epithelium showed positive immunostain-
ing for PTHrP (1 ± 34) in the hyperplastic transitional
epithelium. In a 20-year old ventilator-dependent
tetraplegic male, histopathology of bladder biopsy
showed urothelial hyperplasia. Positive immunostain-
ing for PTHrP (1 ± 34) was observed in the hyperplas-
tic transitional epithelium (Figure 1d).

Group 3: In these biopsies, squamous epithelium was
present either in part or in whole of the tissue section.
(Figure 1e). Fourteen of 17 biopsies showed positive
immunostaining for PTHrP (1 ± 34) in the squamous
epithelium. In a 34-year old tetraplegic male who had
multiple stones in the urinary bladder, the surface
urothelium showed squamous metaplasia. Immunohis-
tochemistry demonstrated positive staining for PTHrP
(1 ± 34) in the squamous metaplastic epithelium (Figure
1f).

Group 4: This group consisted of a bladder biopsy
from a 53-year old male who sustained fracture of C-5

and tetraplegia 23 years ago. Histology revealed
glandular columnar cells, with occasional interspersed
goblet cells; this represented a stage in the development
of intestinal metaplasia. No immunostaining to PTHrP
(1 ± 34) was observed in the glandular epithelium,
although focal immunostaining was seen in the
transitional epithelium. (Figure 1g).

Discussion

We observed no immunostaining, or at the most very
faint positive staining for PTHrP (1 ± 34) in the
transitional epithelium of non-neuropathic urinary
bladder. In contrast to this, positive immunostaining
for PTHrP (1 ± 34) was observed more frequently in the
transitional epithelium (nine of 13 cases), hyperplastic
transitional epithelium (11 of 13 biopsies), and
squamous metaplastic epithelium (14 of 17 cases) of
neuropathic bladder.

The structure and function of the urothelium could
be altered in spinal cord injury patients because of
damage to the nerve supply to the urinary bladder.
Injury to the spinal cord and consequent lack of
trophic e�ect upon the urothelium may lead to a
cascade of events involving urothelial proliferation,
di�erentiation, maturation, and apoptosis.19 Knowl-
edge of the molecular mechanisms leading to
urothelial hyperplasia, and squamous metaplasia in
the neuropathic bladder is likely to provide guidance
towards generating future therapeutic advances aimed
at control of the cellular abnormalities occurring in the
bladder mucosa. These denervation-associated changes
in the bladder mucosa may represent important
contributory factors for the increased susceptibility
of spinal cord injury patients with neuropathic bladder
for cystitis, and vesical neoplasia.

This study demonstrates that the vesical epithelium
of neuropathic bladder shows positive immunostaining
for PTHrP (1 ± 34) more frequently than the transi-
tional epithelium of non-neuropathic bladder. The role
of PTHrP in the di�erentiation and proliferation of
urothelium in the neuropathic bladder is not precisely
known. Alipov and associates suggested that: (1)
PTHrP acts as a cytokine for cell proliferation and
tumour progression, and (2) over-expression of PTHrP
may be involved in the malignant transformation and
progression of gastric carcinoma.20

Induction of PTHrP is mediated via the ras
signalling pathway. It is possible that in future,
innovative therapy with molecular medicine may help
to modify neoplastic transformation of the urothelium
in spinal cord injury patients with neuropathic
bladder. If expression of PTHrP is contributory to
the malignant transformation of the urothelium in the
neuropathic bladder, Ras processing inhibitors may be
potential candidate therapeutic agents to decrease
PTHrP expression, and hopefully achieve normal-
isation of urothelial proliferation. The scienti®c basis
for such novel therapeutic regimes in spinal cord
injury patients may be analogous to the role of ras
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farnesylation inhibitors as potential therapeutic agents
against the syndrome of malignancy-associated hyper-
calcemia for which PTHrP is a major causal agent.21

The expression of PTHrP may be amenable to
modulation in future by systems capable of localised,
direct plasmid gene delivery in vivo. An example of this
kind of innovative therapy is the implantation of gene
activated matrices at sites of bone injury. This was
associated with retention and expression of plasmid
DNA for at least 6 weeks, and with the induction of
centimetres of normal new bone in a stable,
reproducible, dose- and time-dependent manner.22 It
may be possible that in future, growth-regulating
molecules may come into the clinical arena for
treatment of vesical urothelial abnormalities in spinal
cord injury patients, similar to the potential use of
recombinant, human keratinocyte growth factor
(rhKGF) in the prevention of chemotherapy-induced
mucositis.23

Acknowledgements

We thank Mrs Enid Swift, Librarian, Hanley Library,
Southport and Ormskirk Hospitals NHS Trust for
providing the references.

References

1 Cooper D, Schermer A, Sun T-T. Classi®cation of human
epithelia and their neoplasms using monoclonal antibodies to
keratins: strategies, applications, and limitations. Lab Invest
1985; 52: 243 ± 256.

2 Wu R-L et al. Uroplakin II gene is expressed in transitional cell
carcinoma but not in bilharzial bladder squamous cell
carcinoma: alternative pathways of bladder epithelial differentia-
tion and tumor formation. Cancer Research 1998; 58: 1291 ±
1297.

3 Lobban EW et al. Uroplakin gene expression by normal and
neoplastic human urothelium. Am J Pathol 1998; 153: 1957 ±
1967.

4 Southgate J, Hutton KAR, Thomas DFM, Trejdosiewicz LK.
Normal human urothelial cells in vitro: Proliferation and
induction of strati®cation. Lab Invest 1994; 71: 583 ± 594.

5 Harnden P, Southgate J. Cytokeratin 14 as a marker of squamous
di�erentiation in transitional cell carcinoma. J Clin Pathol 1997;
50: 1032 ± 1033.

6 van Velzen D et al. Comparative pathology of dome and trigone
of urinary bladder mucosa in paraplegics and tetraplegics.
Paraplegia 1995; 33: 565 ± 572.

7 Delnay KM et al. Bladder histological changes associated with
chronic indwelling urinary catheter. J Urol 1999; 161: 1106 ±
1109.

8 Tsutsumi M et al. Early acquisition of homozygous deletions of
p16/p19 during squamous cell carcinogenesis and genetic
mosaicism in bladder cancer. Oncogene 1998; 17: 3021 ± 3027.

9 Jetten AM, Harvat BL. Epidermal di�erentiation and squamous
metaplasia: from stem cell to cell death. J Dermatol 1997; 24:
711 ± 725.

10 Aya K et al. Expression of parathyroid hormone-related peptide
messenger ribonucleic acid in developing kidney. Kidney Int 1999;
55: 1696 ± 1703.

11 Foley J et al. PTHrP regulates epidermal di�erentiation in adult
mice. J Invest Dermatol 1998; 111: 1122 ± 1128.

12 Philbrick WM. Parathyroid hormone-related protein is a
developmental regulatory molecule. Eur J Oral Sci 1998; 106
(supplement 1): 32 ± 37.

13 Kitazawa S et al. Immunohistochemical evaluation of parathyr-
oid hormone-related protein (PTHrP) in the uterine cervix. Int J
Cancer 1992; 50: 731 ± 735.

14 Sunardhi-Widyaputra S, Van Damme B. Parathyroid hormone-
related peptide: immunolocalisation in normal salivary glands
and in pleomorphic adenomas. Pathol Res Pract 1996; 192: 15 ±
19.

15 Steers WD et al. Mechanical stretch increases secretion of
parathyroid hormone-related protein by cultured bladder
smooth muscle cells. J Urol 1998; 160: 908 ± 912.

16 Yamamoto M, Harm SC, Grasser WA, Thiede MA. Parathyroid
hormone-related protein in the rat urinary bladder: a smooth
muscle relaxant produced locally in response to mechanical
stretch. Proc Natl Acad Sci USA 1992; 89: 5326 ± 5330.

17 Vaidyanathan S et al. Immunohistochemical study of parathyr-
oid hormone-related protein (PTHrP 43 ± 52 and PTHrP 127 ±
138) in vesical transitional epithelium of patients with spinal cord
injury. Spinal Cord 1999; 37: 760 ± 764.

18 Goetsch SJW, Cooper K. An approach to papillary urothelial
lesions, including a discussion of newly described papillary
lesions of the urinary bladder. Advances in Anatomic Pathology
1998; 5: 329 ± 345.

19 Vaidyanathan S et al. Possible role of denervation-induced
changes in the urothelium in the pathophysiology of cystitis in
patients with spinal cord injury: a hypothesis. Spinal Cord 1997;
35: 708 ± 709.

20 Alipov GK et al. Expression of parathyroid hormone-related
peptide (PTHrP) in gastric tumours. J Pathol 1997; 182: 174 ±
179.

21 Akilu F, Park M, Goltzman D, Rabbani SA. Induction of
parathyroid hormone-related peptide by the Ras oncogene: role
of Ras farnesylation inhibitors as potential therapeutic agents for
hypercalcemia of malignancy. Cancer Research 1997; 57: 4517 ±
4522.

22 Bonadio J, Smiley E, Patil P, Goldstein S. Localized, direct
plasmid gene delivery in vivo: prolonged therapy results in
reproducible tissue regeneration. Nature Med 1999; 5: 753 ± 759.

23 Danilenko DM. Preclinical and early clinical development of
keratinocyte growth factor, an epithelial-speci®c tissue growth
factor. Toxicol Pathol 1999; 27: 64 ± 71.

Parathyroid hormone-related protein
S Vaidyanathan et al

551

Spinal Cord


	Parathyroid hormone-related protein (1–34) and urothelial redifferentiation in the neuropathic urinary bladder

