informa

healthcare

Acta Oncologica, 2013; 52: 159-165

ORIGINAL ARTICLE

Osteopontin but not parathyroid hormone-related protein predicts
prognosis in human renal cell carcinoma
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Abstract

Objective. To evaluate the relationship between osteopontin (OPN) in serum and plasma and parathyroid hormone-related
protein (PTHTrP) in serum, plasma and tumour tissue, and to assess the prognostic impact of OPN and PTHrP in human
renal cell carcinoma (RCC). Material and methods. The study included 269 patients with RCC. In 189 patients, immuno-
histochemical (IHC) PTHrP tumour tissue expression was evaluated, and OPN and PTHrP in serum were assessed. In
80 patients, plasma OPN and PTHrP were analysed. Tumour type, TNM stage, nuclear grade and RCC-specific survival
were also registered. In a sub-group, IHC expression of CD 31 was assessed. The prognostic information of the factors
was analysed using uni- and multivariate analyses. Results. The median OPN level was 2.3 times higher in plasma than in
serum. Serum OPN was significantly higher in patients with papillary RCC compared to clear cell RCC and chromophobe
RCC. Both serum and plasma OPN levels were positively correlated to TNM stage and nuclear grade. Multivariate analy-
sis showed that serum and plasma OPN levels were independent prognostic factors for RCC-specific survival, along with
TNM stage. Immunohistochemical expression of PTHrP associated to TNM stage but not to nuclear grade or serum OPN.
Furthermore, IHC expression of PTHrP was positively correlated to serum PTHrP but inversely to tumour CD31 expres-
sion. Plasma PTHrP was increased in 20% of the patients and related to TNM stage but not to nuclear grade. Plasma
OPN was significantly higher in patients with increased PTHrP levels, compared to those with normal levels. Conclusion.
Plasma OPN levels differed between RCC types, and in clear cell RCC, both serum and plasma OPN levels were inde-
pendent predictors of survival. We found no evidence for prognostic value related to circulating levels or the IHC expression
of PTHrP.

Osteopontin (OPN) is a secreted protein that belongs
to the small integrine-binding ligand N-linked glyco-
protein family (SIBLING) [1]. The protein is
expressed in a broad spectrum of normal tissue such
as bone, blood vessels, epithelial cells of bronchi, gall
bladder, inner ear, kidney, mammary gland, repro-
ductive and urinary tract [2].

The expression of OPN is induced by a number
of stimuli such as basic fibroblast growth factor,
1,25-dihydroxyvitamin D, interleukin 1, endothelin,
interferon v, transforming growth factor  and tumour
necrosis factor o [3]. The signalling pathways are not
fully understood.

Osteopontin is a ligand for o f integrins and
CD44 receptor families, and activation leads to

formation and remodelling of mineralised bone,
regulation of immune functions, neovascularisation
and impact on cell-migration and metastases [4].

Necrosis is common in renal cell carcinoma
(RCC), and hypoxia in the microenvironment leads
to up-regulation of OPN expression via a Ras-
activated enhancer [5]. Osteopontin is negatively
correlated to the von Hippel Lindau (vHL) gene
expression [6].

Several studies have demonstrated that OPN
expression in tumour/plasma is related to tumour
invasion, tumour progression and metastasis in
different cancer forms such as breast, gastric, head-
and-neck and lung carcinomas, and OPN has been
identified as a strong prognostic marker in colon
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cancer [7-11]. In RCC, OPN expression has been
identified in both clear cell RCC (cRCC) and papil-
lary RCC (pRCC) and elevated plasma levels have
been associated to poor prognosis [12-14].

Parathyroid hormone-related protein (PTHTrP)
is a poly-protein, existing in three isoforms in
humans. It derives from normal and malignant cells,
including RCC [15-17]. The action of PTHrP is
one of the main causes of hypercalcaemia in malig-
nancies [18,19]. Parathyroid hormone-related pro-
tein binds to the parathyroid hormone receptor
(PTHI1R), and the homology to parathyroid hor-
mone is located in the amino-terminal part of the
protein [20]. In addition to a role in bone re-
modelling, the PTHrP/PTHI1R system seems to be
involved in tumour-growth regulation, and vHL
tumour suppressor protein negatively regulates
PTHrP expression. Furthermore, inhibition of the
PTHrP/PTHIR system seems to increase microve-
ssel density (MVD), which could suggest that
PTHrP has an anti-angiogenic effect in RCC [21].
The tumour expression of PTHrP was previously
assessed in RCC by Gotoh et al. They showed that
most tumours expressed the protein, and Iwamura
et al. found that patients with tumours expressing
PTHrP had longer expected relapse-free survival
[22,23]. In RCC, we previously evaluated serum
PTHrP showing that the levels were positively cor-
related to serum calcium levels but did not add
prognostic information [24].

In a rat model, where PTHrP was used to induce
hypercalcaemia, Yasui et al. demonstrated that OPN
expression in the kidney was enhanced in PTHrP-
treated rats [25]. Both OPN and PTHrP have been
shown to play important roles for metastasis to bone
[26,27]. Furthermore, there seems to be a rela-
tionship between OPN and PTHIR signalling in
osteoblasts [28].

The aim of the study was to evaluate the associa-
tion between serum/plasma OPN and PTHrP in
serum/plasma and tumour tissue, to compare the
expressions of OPN and PTHrP to some previously
analysed parameters with possible associations, and
finally, to assess the prognostic information of OPN
and PTHrP in human RCC.

Material and methods

All patients included in the study were diagnosed
with RCC, at the Department of Urology, Norrland’s
University Hospital, Umeéd, Sweden. The patient
underwent physical examination, computed tomog-
raphy (CT)-scan of the chest and abdomen and if
indicated skeletal scintigraphy. Histological subtypes
were classified according to the Heidelberg criteria
[29], staging of the tumour disease was assessed
according to the TNM-classification [30] and nuclear
grading according to Furman et al. [31]. Patients
with stage IV disease were mainly treated with
medroxyprogesterone or interferon and eight patients
received tyrosine kinase inhibitors.

Serum/plasma analyses

Serum and plasma samples were collected from
patients diagnosed between 1982 and 2006.This was
performed at diagnosis and before treatment, and the
samples were stored at —80°C until time of analysis.
Plasma samples were only collected from 2001 and
onwards. In 148 patients, serum OPN was analysed
and the levels were compared to the PTHrP tumour
tissue expression. In 80 patients, including 44 men
and 36 women with a median age of 64.5 years, diag-
nosed between 2001 and 2006, plasma OPN and
plasma PTHrP were analysed for comparison.

The reason for the discrepancy in the number of
patients in the different analyses was due to available
samples at the time of analyses, as summarised in
Table I.

Serum/plasma OPN was analysed in 2010-2011
using the Quantikine® Human Osteopontin Immu-
noassay from R&D systems, Inc. (Minneapolis, MN,
USA). Plasma PTHrP was analysed in 2010 using
the two-site immunoradiometric assay Active@
PTHrP IRMA manufactured by Immunotech a.s
(Prague, Czech Republic).

Serum PTHrP, previously analysed in 2003, in
124 of the patients in the TMA cohort, was used for
comparison [24]. Serum calcium (s-Ca) was analy-
sed continuously at the time of diagnosis, according
to routine procedures at the Department of Clinical
Chemistry, Norrland’s University Hospital.

Table I. Summary of the materials used in the study based on a total of 269 patients with renal cell

carcinoma.

IHC IHC Serum Serum Plasma
PTHrP CD31 PTHrP OPN PTHrP/OPN
Number of patients 189 166 124 148 80/76
Time of diagnosis 1982-1997 1982-1997 1982-1997 1982-1997 2001-2006
Time of analysis 2005 2006 2003 2010 2010
Male/female 109/80 99/67 68/56 83/65 44/36

THC, immunohistochemistry; PTHrP, parathyroid hormone-related protein; OPN, osteopontin.



Tumour tissue analysis

Patients diagnosed with RCC between 1982 and
1997 were included in this cohort. In total there were
189 patients, 109 men and 80 women. The median
age was 64 years. Tumour tissue samples were col-
lected at nephrectomy and were formalin fixed and
paraffin embedded.

The tumour tissues were prepared for tissue
microarrays (TMA). From formalin fixed and paraf-
fin embedded tissue blocks two tissue cores measur-
ing 0.6 mm in diameters, representative for the
tumour, were placed in a new paraffin block. Each
block contained up to 49 different tumours in dupli-
cate samples. The TMA blocks were sliced into 4 um
sections and treated according to standard proce-
dures including de-paraffination and rehydration. A
citrate buffer, pH 6.1, was used as antigen retrieval
solution, and heat was applied by microwave oven for
20 minutes. Immunostaining was performed, using
an automatic immunohistochemistry machine (Ven-
tana 320 ES, Ventana Medical Systems, USA) with
iView DAB detection kit. Parathyroid hormone-
related protein was detected by a polyclonal anti-
human guinea pig antibody T5045 (Bachem,
Bubendorf, Switzerland) diluted 1:1000. Placenta
and normal renal tissue were used as positive
controls [22,32].

The immunohistochemical (IHC) expression of
PTHrP was evaluated in a light microscope by one
of the authors (K. P.) with assistance of another
author (A. B.).The samples were coded, and informa-
tion about the patients was unknown to the examiner
at the time of evaluation. The immunostaining was
cytoplasmatic and uniform within the tumours. The
expression was categorised into three groups accord-
ing to staining intensity; no (0), weak (+) and strong
(++) expression. In the statistical analysis tumours
with weak and strong expression were pooled and
compared to tumours with no expression.

In addition, CD 31 tumour tissue expression, a
marker of microvessel density, previously assessed by
Sandlund et al., was used for comparison [33].

Statistical analyses

Statistical analyses were performed using the com-
puter software SPSS, version 18. Mann-Whitney
U-test and Kruskal-Wallis non-parametric test were
used for analysing different mean values between dif-
ferent groups and 2 test was used for assessing asso-
ciations between categorical variables. Correlations
between different variables were assessed with Spear-
man correlation coefficient. Renal cell carcinoma-
specific survival was analysed using the Kaplan-Meier
method and survival time in different groups was
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compared with the log rank test. The prognostic
value was assessed in a multivariate regression anal-
ysis using Cox proportional hazards model.

The study was approved by the ethical committee
of Umed University.

Results

Osteopontin was analysed in serum and plasma from
148 and 76 patients with RCC, respectively. The
OPN levels in both serum and plasma were signifi-
cantly higher in men compared to women (data pre-
sented as Supplementary Table I, available online at
http://informahealthcare.com/doi/abs/10.3109/
0284186X.2012.693623). Furthermore, serum OPN
levels were higher in patients with papillary (p)RCC
compared to both clear cell (¢) and chromophobe
(ch)RCC (p<0.001 and 0.009, respectively),
whereas no difference was found between cRCC and
chRCC. For patients with cRCC, serum and plasma
OPN was positively correlated to TNM stage
(p<0.001 for both), and to nuclear grade (p = 0.036,
and 0.005, respectively). No correlation between
OPN and TNM stage and nuclear grade was observed
in 19 patients with pRCC.

In a subset of 33 patients, OPN was analysed at
one occasion to compare levels in plasma and serum.
There was a fairly high correlation between plasma
and serum levels of OPN (r=0.82; p<0.01, Spear-
man correlation test), and the median OPN level was
2.34 times higher in plasma than in serum.

The median follow-up time from diagnosis in
patients in the serum cohort was 209 (154-330)
months, and 84/148 died of RCC during follow-up.
Among the patients in the plasma cohort, the median
follow-up time was 75 (48-112) months, and 31/76
died of RCC. Disease-specific survival for patients
with cRCC was evaluated in relation to serum and
plasma OPN, divided by the median values, as shown
in Figure 1. Patients with OPN levels below median
had a significantly longer survival time compared to
those with levels above median (p<<0.001 for both
cohorts), the difference remained when dividing the
materials in tertiles (p =0.001 for both cohorts). In
a multivariate analysis including age, gender, TNM
stage, nuclear grade and serum and plasma levels of
OPN, only TNM stage and circulating OPN levels
remained as independent prognostic factors in both
patient cohorts (Table II).

Plasma PTHrP levels were elevated in 16 of 80
(20%) patients with cRCC. A weak positive correla-
tion between plasma levels of PTHrP and OPN was
observed (r=0.265; p=0.021, Spearman correla-
tion test). In patients with elevated circulating
PTHrP, the median OPN plasma level was 243
(58-1038), compared to 103 (0.5-1275) ng/ml for
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Figure 1. Kaplan-Meier plots of RCC-specific survival according to the median level of OPN in (A). plasma in 76 patients with cRCC
diagnosed 2001-2006 (median 120 ng/mL), and (B). serum in 118 patients with cRCC diagnosed 1982-1997 (median 40 ng/mL).

those with immeasurable PTHrP in plasma
(p =0.009). However, when the same comparison
was made for serum OPN, no difference between
patients with measurable and non-measurable
PTHrP, was found (p=0.399). Hypercalcaemia
(>2.60 mmol/l) was observed in 8/77 (10%) patients.
In patients with hypercalcaemia, there was a signifi-
cant association to plasma PTHrP (p = 0.002). There
was a higher frequency of elevated plasma PTHrP in
patients with TNM stages III-IV, than in stages I-1I
(p =0.035; data presented as Supplementary Table
II, available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2012.693623). However,
no association between PTHrP level and nuclear
grade or survival time was found.
Immunohistochemical PTHrP expression was
analysed in 189 patients, 153 cRCC, 23 pRCC, and
13 chRCC. The staining was cytoplasmatic and uni-
form within the entire tissue cores (Figure 2). Forty-
eight percent of the tumours did not express PTHrP,
33% had weak expression and 19% had strong
expression of PTHrP. No variation in expression
intensity was observed between different RCC types.
In patients with low TNM stages (I-II), tumour

PTHrP expression was significantly more frequent
than in higher stages (III-IV) (p = 0.013). There was
no difference in tumour PTHrP expression between
low and high nuclear grades, nor was there any dif-
ference in survival related to tumour expression of
PTHrP.

Serum PTHrP was elevated in 15% of the
patients, and a positive correlation was observed
between the serum levels and the IHC expression
of PTHrP (p=0.048, Table III). Furthermore, an
inverse relation between tumour PTHrP expression
and MVD, quantified with IHC staining for CD31,
was found (p=0.029). An inverse relation was also
observed between CD 31 expression and serum
OPN levels (r=—0.276, p=0.002). Elevated serum
calcium was found in 13%, but neither serum cal-
cium nor serum OPN were related to tumour PTHrP
expression.

To evaluate stability of the proteins, the serum
cohort, including patients diagnosed 1982-1997,
was divided into three groups according to sample
storage time (13-17, 18-22, 23-28 years, respec-
tively). Tumour tissue IHC expression, as well as
serum OPN, was stable when stored for a long time.

Table II. Multivariate analysis evaluating age, gender, TNM stage, nuclear grade and ostepontin
(OPN) levels in relation to disease-specific survival of patients with clear cell RCC.

Serum (No. 116)

Plasma (No. 75)

Factor Hazard ratio CI 95% p-value  Hazard ratio CI 95% p-value
Age (years)

<median 1.0 1.0

>median 0.72 0.43-1.21 0.72 0.85 0.39-1.82 0.67
Gender

Men 1.0 1.0

Women 0.97 0.60-1.58 0.91 0.87 0.41-1.85 0.71
TNM stage

I-1I 1.0 1.0

I-1v 4.23 2.26-7.91 <0.001 5.30 1.92-14.6  <0.001
Nuclear grade

1-2 1.0 1.0

3-4 8.44 1.11-64.48 0.040 2.23 0.89-5.60 0.089
OPN

<median 1.0 1.0

>median 1.83 1.07-3.14 0.028 4.62 1.76-12.09 0.002
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Figure 2. Parathyroid hormone-related protein expression in renal cell carcinoma. No (A) and strong (B) immunohistochemical expression
of PTHrP (polyclonal guinea pig antibody T5045, Bachem, Switzerland), 20 X magnification.

In the plasma cohort, including patients diagnosed
from 2001-2006, the material was divided in two
groups according to storage time (4—6 and 7-9 years,
respectively). No significant difference was observed
for neither OPN nor PTHrP, thus both proteins were
stable for at least 10 years in frozen plasma stored at
—80°C (data not shown).

Discussion

Osteopontin and PTHrP are secreted proteins asso-
ciated with cancer, and have raised interest as poten-
tial prognostic markers in different malignant disease
including RCC. Both proteins are involved in bone
re-modelling [3,15], and PTHrP has been identified
as the major cause of hypercalcaemia of malignancy
[34]. The proteins are also involved in the regulation
of tumour proliferation, angiogenesis and metastasis
[21,35]. Results from RCC animal model studies
have suggested an association between OPN and
PTHrP/PTH1R-signalling [25,28].

Our results clearly demonstrate that circulating
OPN is associated to advanced disease, high nuclear
grade and shorter survival time, and is an indepen-
dent prognostic factor for survival in cRCC. This
confirms the results by Ramankulov et al., who found
that plasma OPN was associated to distant metasta-
sis and poor prognosis [36]. In contrast to their
results, we found that OPN was significantly higher
in pRCC compared to other RCC types. Osteopon-

tin is thought to partially be regulated by the VHL/
HIF-system [6], but our finding suggests that other
mechanisms are of importance, or that hypoxia in
tumour or adjacent tissue stimulate to production of
OPN in pRCC. The induction of OPN by hypoxia
has earlier been described [37]. Furthermore, we
also showed both in serum and plasma samples, that
OPN levels were higher in men than in women. We
have not found any literature data supporting a
gender difference in OPN levels. The most probable
explanation to the observed difference is that men
have more advanced TNM stages of RCC compared
to women. This assumption is supported by the fact
that in our plasma cohort, men had significantly
more advanced TNM stage compared to women
(p=0.014).

The method used for measuring OPN recom-
mends plasma for the analysis. In the older cohort,
plasma was not available, and therefore, serum was
used. The OPN levels were lower in serum, but all
correlations were similar and still significant, in con-
cordance with the results in the plasma cohort. We
therefore consider OPN analysis in serum possible
and acceptable.

In the present study, we found that OPN levels
were higher in patients with elevated PTHrP levels
in the plasma cohort, and this could support a rela-
tionship between OPN and PTHrP. In the serum
cohort, this association of the two proteins was not
confirmed, possibly due to the fact that serum

Table III. Correlations between immunohistochemical expression of PTHrP and serum PTHrP, CD 31 tumour
expression, serum calcium and serum OPN in 189 patients with renal cell carcinoma.

THC expression Serum PTHrP IHC expression Serum Calcium Serum OPN
of PTHrP No No. >0.3 pmol/l of CD31 No.* mmol/l ng/ml
0 91 6/58 (10%) 10.8 (0-112.5) 2.39 (2.10-3.03) 40.5 (0-105)
+ 62 5/40 (13%) 8.0 (0-59) 2.38 (2.18-3.12) 41.2 (9.2-100)
+ + 36 8/26 (31%) 6.0 (0-51.5) 2.44 (2.23-2.95) 39.5 (0-221)
Total No. 189 19/124 (15%) 166 172 148
p-value 0.048 0.029 0.51 0.83

P-values represent correlations of the different factors to IHC expression of PTHrP.

*Number of positively stained cells or cell clusters.
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PTHrP is unstable when stored for a long time
[24]. Despite this, we found a positive association
between serum PTHrP and the corresponding
tumour tissue expression of PTHrP, which indi-
cates that some of the circulating PTHrP derives
from the renal tumour cells. Elevated levels of
PTHrP in serum and plasma were seen in 15% and
20%, respectively, whereas approximately half of
the tumours expressed PTHrP. This discrepancy
suggests that most of the protein in tumours is not
secreted, and is supported by the fact that no asso-
ciation between the tumour PTHrP expression and
serum calcium or serum OPN was found. Our
results are in line with previous observations by
Gotoh et al.,, who found no association between
PTHrP tumour expression and serum calcium lev-
els [22]. The association between circulating
PTHrP and serum calcium in our study could indi-
cate that PTHrP is produced by other tissues than
renal tumour cells. Gotoh et al. also demonstrated
that the expression was more frequent in pRCC
compared to other RCC types. In our study, we
could not show any difference in expression of
PTHrP between different RCC types. The number
of patients with pRCC was limited in both studies,
and different anti-PTHrP antibodies were used for
ITHC staining, which can explain the discrepancy.

Massfelder et al. suggested that PTHrP have anti-
angiogenic properties in RCC [21]. We found an
inverse association between PTHrP and CD 31
tumour expression, a marker of microvessel density
(MVD). This observation could support PTHrP to
have an inhibiting effect on angiogenesis. In RCC,
low MVD has been associated to worse outcome
[33,38]. Parathyroid hormone-related protein has
been identified as a marker for poor prognosis in lung
cancer [39]. However, this poly-protein seems to
have different functions in different tumours. In
breast cancer, Henderson et al. found improved sur-
vival in patients with tumours expressing PTHrP,
and Iwamura et al. showed that RCC patients with
tumours expressing PTHrP had longer recurrence-
free survival [23,40]. Yet again, a different antibody
was used in their study, specific for the C-terminal
of PTHrP, and a limited number was analysed. We
found that tumours expressing PTHrP were more
frequent in low TNM stages, which could support
Iwamura’s findings but we could not find any differ-
ence in survival in relation to tumour expression of
PTHrP. In contrast, we found that elevated plasma
PTHrP levels were more frequent in high TNM
stages, although no impact on survival was demon-
strated. The prognostic importance of PTHrP in
human RCC remains unclear.

In summary, our results show that OPN is an
independent prognostic factor in cRCC. Circulating

OPN levels correlate positively to TNM stage, nuclear
grade and negatively to survival time. Serum OPN
levels are significantly higher in pRCC compared to
other RCC types. Furthermore, the data indicate
that there is a relationship between secreted OPN
and PTHrP. In tumour tissue, PTHrP is associated
to low TNM stage, whereas plasma PTHrP is associ-
ated to high TNM stage. Neither PTHrP tumour
expression, nor circulating PTHrP are independent
prognostic factors in RCC.
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