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Aim: To investigate multiple bone cytokines produced by prostate carcinoma (PCa) as a novel strategy to
differentiate potential aggressiveness in localised PCa using immunohistochemical analysis.
Methods: A total of 47 cases of PCa undergoing radical prostatectomy or transurethral prostatic resection at
our institution (Fundación Jiménez Dı́az (Grupo Capio), Madrid, Spain) between January 1991 and June
1998 were identified as low-grade ((4; n = 22) or high-grade (>7, excluding 7 (3+4) cases; n = 25) PCa
according to Gleason grade. PCa specimens were immunostained for: parathyroid hormone (PTH)-related
protein (PTHrP), the PTH1 receptor, osteoprotegerin and receptor activator of nuclear factor-k B ligand
(RANKL), as well as Ki67 (a proliferation marker) and CD34 (an angiogenesis marker).
Results: PCa samples showed an increased immunostaining for both osteoprotegerin and RANKL, associated
with tumour grade and PTHrP positivity, in the tumoral epithelium. Using a score value of 4—corresponding
to moderate staining—as cut-off, the best sensitivity value was for PTHrP (with C-terminal antiserum C6;
100 %); wheras the best specificity value was for RANKL (95 %).
Conclusions: All the evaluated factors are overexpressed mainly in the high-grade tumours. Our findings
indicate that, in most patients with PCa (with Ki67 values between 1% and 9%), sequential determination of
C-terminal PTHrP and RANKL immunoreactivities is a useful approach to discriminate low-grade and high-
grade tumours.

P
rostate carcinoma (PCa) is the most common cancer in
men in western societies.1 With increasing age, most men
develop microscopic PCa foci, and a small percentage of

these become invasive PCa. The invasive PCa is related to the
development of bone metastases resulting in increased osteo-
blastic lesions associated with an increased bone turnover.2 The
challenge in PCa today is the identification of stage-specific
tumour markers to differentiate indolent tumours from those
agressive malignancies that justify radical treatment.
Histological criteria (Gleason grade, number of neoplastic
cylinders, tumour volume, ploidia and perineural invasion)
are commonly used for stratifying patients with PCa, but
progression of PCa is highly variable and cannot be satisfacto-
rily predicted by these criteria alone.3 4 Thus, biochemical
parameters, including the apoptosis-related proteins bax and
bcl-2, cell cycle-related protein p27, vascular endothelial growth
factor and components of the renin–angiotensin system, are
currently investigated to predict PCa aggressiveness.5–12

Parathyroid hormone (PTH)-related protein (PTHrP), the
main factor responsible for malignant hypercalcaemia, and its
PTH1 receptor (PTH1R) are expressed in a variety of normal
and malignant tissues.13 14 Using in situ hybridisation, PTHrP
was detected in neuroendocrine cells in the normal prostate.15

Despite the rarity of hypercalcaemia in PCa, PTHrP is often
increased in this malignancy, compared with normal prostate
or benign prostatic hyperplasia.15–19 Some investigators found a
positive association between Gleason grade and PTHrP positiv-
ity in PCa; although others failed to find this to be so.16 18

Recent studies indicate that intracrine effects of PTHrP might
affect processes such as cell proliferation, apoptosis and
angiogenesis in PCa.20 21 PTHrP-overexpressing PCa cells
injected in rodents were found to induce the development of
osteolytic metastases.22 23 Moreover, various PCa cell lines
derived from skeletal and other metastatic lesions express
and show a proliferative response to PTHrP.20 This protein thus
seems to have complex actions involved in promoting PCa
progression.

Current evidence supports the notion that malignant cells,
including PCa cells, co-opt the physiological mechanisms that
increase bone resorption to invade bone.24 Therefore, they
release factors (eg, PTHrP) which favour the production of
osteoclast activators, notably the receptor activator of nuclear
factor-kB ligand (RANKL), in the bone environment.25 RANKL
activity is regulated by osteoprotegerin (OPG), a soluble tumour
necrosis factor receptor family member that binds RANKL
preventing its interaction with receptor activator of nuclear
factor-kB and thus inhibits bone resorption.25 Both OPG and
RANKL are produced by PCa cells, wherein the OPG protein
may act as a survival factor.26 27 In addition, the number of PCa
cells showing OPG and RANKL immunoreactivities was
markedly increased in bone metastases, compared with
nonosseous metastases or with the primary tumour.26

Abbreviations: OPG, osteoprotegerin; PCa, prostate carcinoma; PTH,
parathyroid hormone; PTH1R, PTH1 receptor; PTHrP, PTH-related protein;
RANKL, receptor activator of nuclear factor-k B ligand

290

www.jclinpath.com



Moreover, OPG was also found to be increased in the serum of
patients with bone metastases.28 The levels of these proteins
might thus influence the interaction of PCa cells with the bone
environment.2

We carried out a comprehensive study to examine PTHrP,
OPG and RANKL immunoreactivities in PCa specimens. We
hypothesised that a significant link occurs between PTHrP, OPG
and RANKL and other well characterised factors, namely Ki67
(a marker of proliferation) and CD34 (an angiogenesis marker),
to distinguish less and more aggressive PCa tumours.

MATERIALS AND METHODS
Patient samples
This retrospective study included 47 patients (aged 51–
82 years) diagnosed with localised PCa, undergoing radical
prostatectomy (n = 23) or transurethral prostatic resection
(n = 24) between January 1991 and June 1998 at our
institution (Fundación Jiménez Dı́az (Grupo Capio), Madrid,
Spain). Archived paraffin-embedded primary tissue specimens
were divided into two groups, according to low Gleason ((4;
n = 22) or high Gleason (>7, excluding 7 (3+4); n = 25) grade.
Sections were examined by a pathologist to confirm the
presence of localised malignant tissue and PCa score. None of
the patients had any evidence of metastases or had received
PCa treatment at the time of sampling. The study was
performed in accordance with the ethical standards of the
Helsinki Declaration.

Immunohistochemistry
Tissue sections (3-mm thick) were immunostained using an
Envision+ system (Dako, Glostrup, Denmark). Antigen retrieval
was performed by either pressure cooker treatment in 10 mM
citrate buffer, pH 6 (CD34, PTHrP, PTH1R, OPG and RANKL) or
microwave treatment (Ki67). The samples were then incubated
for 30 min at room temperature or overnight at 4 C̊ (PTHrP and
the PTH1R) with the primary antibodies. PTHrP immunostain-
ing was performed using several rabbit polyclonal antisera with
different specificities: antiserum C6, recognising the highly
conserved C-terminal epitope 107–111 in the intact PTHrP
molecule;29 antiserum C13, detecting an N-terminal epitope in
intact PTHrP and also the PTHrP (1–36) fragment; and
antiserum C7, which mainly recognises the C-terminal peptide
PTHrP (107–139),29 30 each at 1:600 dilution. For the PTH1R
receptor staining, we used affinity-purified polyclonal antibody
Ab-IV (Covance, Berkeley, California, USA), at 1:150 dilution.
OPG and RANKL staining was carried out with rabbit
polyclonal antibodies, H-249 (OPG) and FL-317 (RANKL)
(Santa Cruz Biotechnology, Santa Cruz, California, USA), at
1:100 and 1:40 dilution, respectively. Ki67 (clone MIB1) (Dako,
Glostrup, Denmark) and CD34 (Novocastra, Newcastle, UK)
were immunostained with specific mouse monoclonal anti-
bodies, at 1:100 and 1:30 dilution, respectively. The tissue
sections were subsequently incubated with a polymer-perox-
idase complex and 3,39-diaminobenzidine, and counterstained
with haematoxylin (ChemMate, Dako). Some sections were
incubated without the primary antibody or with non-immune
rabbit serum as negative controls. PCa specimens that had
previously shown a marked positivity for each antibody were
also routinely included in each tissue array as positive controls.

Immunohistological evaluation
Immunostainings were evaluated in five 6200 microscopic
fields by a pathologist and another independent observer in a
blinded fashion. Ki67 staining was expressed as the number of
stained nuclei per total nuclei (%), and CD34 staining was
analysed using the following score (number of microvessels per
field): 1 (25–50), weak; 2 (51–75), moderate; and 3 (.75),

strong. Positivity for PTHrP, PTH1R, OPG and RANKL was
assessed according to a scoring system evaluating both the
immunostained epithelial area and the staining intensity. The
former was graded according to the score (%): 1 (,25), 2 (25–
75), and 3 (.75), using an image analysis software (Optimas
6.5; Media Cybernetics, Silver Spring, Washington, USA).
Staining intensity was scored from 1 to 3+ (most intense).
The product of the two scores determined the final score value
as follows: 0, negative; 1–3, weak; 4, moderate; and 6–9, strong.

Statistical analysis
The Mann–Whitney U test was used to compare score values in
the neoplastic areas from low-grade and high-grade PCa, and
Spearman’s rho for correlation analysis. A simple Wilcoxon’s
rank test was performed to compare score values between
neoplastic and adjacent non-tumoral areas. Specificity and
sensitivity were calculated using as reference limits: the score
values of 1, 2 and 3 for CD34; and those corresponding to
quartiles 1 and 3, as well as the score value of 4 (moderate
staining) for each bone cytokine studied. Significance was
considered at p,0.05.

RESULTS
Most samples from high-grade tumours showed moderate to
strong immunoreactivity for Ki67 (>5%) and CD34 (>2), and
for PTHrP, PTH1R, OPG and RANKL (>4) in the neoplastic
area. Immunostaining for the last four factors mainly localised
to the acinar cells, but some staining was observed in the
stroma (figs 1, 2). Patchy positivity for the PTH1R and RANKL
was evident in epithelial cell membranes from the more
intensely stained tumours (figs 1, 2). In contrast, a lower and
variable number of low-grade tumour samples had score values
for these factors in this range (table 1).

Only 6/22 low-grade tumours had Ki67 ,1%, whereas score
values for this marker were consistently >1% in high-grade
tumours. On the other hand, 13/25 of the high-grade tumours
had Ki67 .9%, whereas all low-grade tumours failed to show
values above this percentage. The mean score values for both
Ki67 and CD34 were significantly higher in the neoplastic area
than in the adjacent non-tumoral region in both groups studied
(fig 3A, B).

PTHrP (with antisera C6 or C7) immunoreactivity was diffuse
and localised to the cytoplasm of epithelial cells and the stromal
tissue in both tumoral and adjacent non-tumoral areas. PTH1R
positivity was also present in epithelial cells, in both cytoplasm
and cell membranes (fig 2). Staining intensity for both PTHrP
and the PTH1R was stronger in the neoplastic than in non-
tumoral epithelium, and in the high-grade compared with the
low-grade tumours (fig 3C). Using antiserum C6, 100% of high-
grade tumours had moderate to strong positivity (score value
>4) in the neoplastic epithelium. Significant correlations were
observed between score values for PTHrP-C6 and those for Ki67
(p,0.01), PTH1R (p,0.01), or PTHrP-C7 (p,0.01), and also
between PTHrP-C7 and PTH1R values (p,0.05).

Previous evaluation of PTHrP in PCa found a lower incidence
of PTHrP immunostaining using N-terminal antibodies.15 18 19 In
this study, some of the low-grade (n = 19) and high-grade
(n = 19) tumours were also stained for PTHrP using N-terminal
antiserum C13. The staining pattern with this antiserum was
similar although less intense than that observed with the other
PTHrP antisera used (fig 2). PTHrP-C13 score values signifi-
cantly correlated with those of PTHrP-C6 (p,0.05), PTHrP-C7
(p,0.01), or PTH1R (p,0.01). However, 5% and 10 % high-
grade and low-grade tumours, respectively, showed no staining
for PTHrP in the neoplastic epithelium using antiserum C13. In
contrast, by using the C-terminal PTHrP antisera, all tumours
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were positive with antiserum C6, and only 4 % of low-grade
tumours were negative with antiserum C7.

We failed to find any significant correlation between the score
values for CD34 and those for PTHrP (with all antisera used) or
the PTH1R in the neoplastic area in all the PCa samples studied.

Positivity for RANKL and OPG in the neoplastic area was
found in most PCa samples: 82% and 100% (low-grade
tumours) and 96% and 100 % (high-grade tumours), respec-
tively. Both OPG and RANKL immunoreactivities were stronger
in the neoplastic than in non-tumoral epithelium, and in the
high-grade than in the low-grade tumours (fig 3D). In the low-
grade tumours, the mean RANKL/OPG score ratios were 0.51
and 0.26, in the neoplastic and non-tumoral areas, respectively;
which were significantly (p,0.05) lower than those in the
high-grade tumours: 0.87 and 0.72, respectively. OPG score
values were correlated with those of either RANKL (p,0.01),
PTHrP-C6 (p,0.01) and PTHrP-C7 (p,0.05), and those for
RANKL also significantly correlated with PTHrP-C6 values
(p,0.01).

The best sensitivity and specificity values (%) were for
PTHrP-C6 and RANKL, respectively, using a score value of 4—
corresponding to moderate staining—as cut-off (table 1).
Therefore, using the PTHrP-C6 immunostaining followed by
the RANKL staining allowed us to correctly classify 44/47 cases.
In contrast, after PTHrP-C6 staining, evaluation of either OPG
or RANKL positivity by using the third quartile as cut-off,
which also yields a high specificity (table 1), incorrectly
diagnosed 12/47 cases. Figure 4 thus shows a proposed
algorithm to differentiate low-grade and high-grade PCa in
those tumours which cannot be distinguished by Ki67 scores
(in the range 1–9%), based on subsequent immunostaining for
PTHrP-C6 and RANKL.

DISCUSSION
A variety of biochemical factors have been examined as
putative stage-specific markers or prognostic factors in patients
with PCa.5–12 Thus, an increase of either proliferative index, as
measured by Ki67, or apoptotic index, and changes in the cell
cycle arresting protein p27 have all been shown to be adversely
prognostic in PCa.12 In addition, vascular endothelial growth
factor has recently been suggested to promote osteoblastic
lesions at PCa bone metastasis.6 Furthermore, various renin–
angiotensin system components, including ACE as well as
angiotensin II and its AT1 receptor subtype, are present in the
human prostate and overexpressed in PCa, mainly in advanced
disease.5 7–9 Interestingly, a recent study found the presence of
an ACE genotype associated with the greatest ACE activity
correlating with high-grade PCa.8

As expected, we found high positivity for CD34 (a marker of
angiogenesis) and Ki67 (a proliferation marker) in PCa
samples.11 31 In addition, we showed that all of bone cytokines
studied are overstained in the neoplastic area of PCa, mainly in
the high-grade tumours.

Most previous studies showing a high incidence of positive
PTHrP immunostaining in PCa have used antibodies against
mid-region or C-terminal epitopes.15 18 19 Moreover, staining by
these antibodies in contrast to that by N-terminal antibodies
has shown to correlate with the histological grade of PCa.16 18 19

We presently found a higher number of negative cases and a
lower staining intensity with an N-terminal PTHrP antiserum
compared with the use of two different C-terminal PTHrP
antisera in PCa samples. Thus, our present findings support the
notion that PTHrP fragments other than its N-terminal frag-
ment might be preferentially present in PCa.15 Furthermore, we
found that all of the PCa samples immunostained for the
PTH1R, and this positivity correlated with PTHrP immunos-
taining in the neoplastic epithelium; this is in contrast to

Figure 1 Evaluation of several factors in low-grade and high-grade
prostate carcinoma (PCa). Immunostaining for Ki67 (A,E); CD34 (B,F);
osteoprotegerin (OPG; C,G); and receptor activator of nuclear factor-k B
ligand (RANKL; D,H) was performed with specific antibodies. Representative
examples of a low-grade PCa (A-D) and a high-grade PCa (E-H) are shown.
Negative controls (without corresponding primary antibody) exhibited no
positivity (data not shown). Original amplifications, 6200.

Figure 2 Evaluation of several factors in low-grade and high-grade
prostate carcinoma (PCa). Immunostaining for parathyroid hormone-related
protein (PTHrP; with antiserum C6; A,E); PTHrP (with antiserum C7; B,F);
PTHrP (with antiserum C13; C,G); and parathyroid hormone1 receptor
(PTH1R; D,H) was performed with specific antibodies. Representative
examples of a low-grade PCa (A–D) and a high-grade PCa (E–H) are
shown. Negative controls (without corresponding primary antibody)
exhibited no positivity (data not shown). Original amplifications, 6200.
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previous findings using in situ hybridisation for the PTH1R
detection.16 Differences in patient population and/or methods to
evaluate the PTH1R in the tumour samples might explain the
different results in that report and this study. We found no
significant correlation between CD34 and either PTHrP or the
PTH1R immunostaining score values in the tumoral area in the
PCa samples studied. PTHrP, by interaction with the PTH1R,
has been shown to inhibit tumour angiogenesis in a PCa cell
line.32 However, PTHrP can also induce the expression of
interleukin-8, an angiogenic factor, in PCa cells by an intracrine
mechanism.20 This is in contrast to the consistent stimulatory
effect of PTHrP on PCa cell proliferation which has been
reported to occur through autocrine/paracrine and intracrine
mechanisms.21 Collectively, these data and the present results
therefore suggest that the mitogenic action of PTHrP may
predominate over angiogenesis to favour PCa growth.

A previous immunohistochemical study failed to detect OPG
in most (8/10) primary PCa tissues (with Gleason score of 6–9).26

Using a sensitive immunohistochemical procedure, we were able
to detect both OPG and RANKL in the neoplastic areas of the
majority of both tumour groups studied. In addition, an
important and novel finding of this study was that the neoplastic
epithelium showed an increased immunostaining for both
osteoclastogenesis-related proteins associated with tumour
grade and PTHrP positivity. PTHrP might affect the expression
of these proteins by PCa cells, as occurs in osteoblasts.33 We also
found a significantly higher RANKL/OPG ratio in the high-grade
PCa samples. In these tumours, this osteomimetic feature might
facilitate the successful interaction with bone and thus the risk
of skeletal involvement.2

In conclusion, identification of stage-specific PCa markers is
now evolving towards more accurate molecular systems. We
report here that combined determination of PTHrP (with an
antiserum recognising a C-terminal epitope) and RANKL by
immunohistochemistry can successfully distinguish less and
more aggressive tumours in most patients with PCa.

Table 1 Diagnostic sensitivity and specificity of CD34, parathyroid hormone-related protein (with antisera C6 and C7),
parathyroid hormone1 receptor, osteoprotegerin and receptor activator of nuclear factor-k B ligand to distinguish patients with low-
grade and high-grade prostate carcinoma

Cut-off*
Low-grade PCa
(> cut-off/total)

High-grade PCa
(> cut-off/total) Sensitivity (95% CI) (%) Specificity (95% CI) (%)

CD34 1 (22/22) (23/23) 100 0
2 (9/22) (19/23) 83 (72 to 94) 59 (45 to 73)
3 (2/22) (5/23) 22 (10 to 34) 91 (83 to 99)

PTHrP-C6 3 (15/22) (25/25) 100 32 (19 to 45)
4 (10/22) (25/25) 100 54 (40 to 68)
6 (7/22) (23/25) 92 (84 to 100) 68 (55 to 81)

PTHrP-C7 2 (14/22) (23/25) 96 (90 to 100) 36 (22 to 50)
4 (8/22) (21/25) 84 (74 to 94) 64 (50 to 78)
6 (6/22) (12/25) 48 (34 to 62) 73 (60 to 86)

PTH1R 3 (15/22) (24/25) 96 (90 to 100) 32 (19 to 45)
4 (11/22) (22/25) 88 (79 to 97) 50 (36 to 64)
6 (9/22) (18/25) 72 (59 to 85) 59 (45 to 73)

OPG 2 (21/22) (25/25) 100 4 (0 to 10)
4 (12/22) (21/25) 84 (74 to 94) 45 (31 to 59)
6 (1/22) (14/25) 56 (42 to 70) 95 (89 to 100)

RANKL 2 (14/22) (23/25) 92 (84 to 100) 36 (22 to 50)
4 (1/22) (18/25) 72 (59 to 85) 95 (89 to 100)
6 (0/22) (13/25) 52 (38 to 66) 100

PCa, prostate carcinoma; PTH1R, parathyroid hormone1 receptor; PTHrP, parathyroid hormone-related protein; OPG, osteoprotegerin; RANKL, receptor activator of
nuclear factor-k B ligand.
*The score values used as reference limits were: 1, 2 and 3 (for CD34); quartile 1, moderate staining (4), and quartile 3 (for each bone cytokine studied), as described in the text.
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Figure 4 Proposed algorithm to discriminate low-grade and high-grade
prostate carcinoma (PCa). By using this manuever, 44/47 patients were
correctly classified according to Gleason score. HG, high-grade; LG, low-
grade; PTHrP, parathyroid hormone-related protein; RANKL, receptor
activator of nuclear factor-kB ligand.

Take-home messages

N We report an immunohistochemical study to evaluate some bone
cytokines in localised prostate carcinoma (PCa) specimens.

N This is a common malignancy in men whose progression
is highly variable and cannot be satisfactorily predicted
by histological criteria alone.

N The combined determination of C-terminal parathyroid
hormone-related protein and receptor activator of nuclear
factor-k B ligand immunoreactivities in most patients with PCa
(with Ki67 values between 1 % and 9 %) is a useful approach
to discriminate low-grade and high-grade tumours.
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