
B

M
C
w
T

O

M

R

C

R
c
a
i
h
a
n
p
m

m
t
c
t
b
V
M

F
M

D
T

7

asic and Translational Science

aspin Expression in Renal
ell Carcinoma and Its Correlation
ith Clinicopathologic Parameters

ahsin Turunc, Nebil Bal, Ayhan Dirim, Baris Kuzgunbay, Umit Gul, and Hakan Ozkardes

BJECTIVES To investigate the relationship between maspin expression and prognostic parameters in renal
cell carcinoma (RCC) with relevance to vascular endothelial growth factor (VEGF) expression
and microvessel density.

ETHODS One-hundred twenty-four patients with RCC of varying histologic types who underwent radical
or partial nephrectomy were studied. The mean age of the patients was 59.4 years (range, 28-84).
Maspin, VEGF, and microvessel density were studied by the universal avidin-biotin complex
peroxidase method. Sections of 5-�m thickness were taken from paraffin blocks for immunohis-
tochemical study. Cytoplasmic and/or nuclear staining were scored for maspin as negative and
positive for all tumor cells.

ESULTS Cytoplasmic maspin expression was positive in 51 (41.1%) patients. Nuclear maspin expression
was not seen in any of the materials. Maspin expression decreased as tumor size increased (P �
.036) without any specific relation to tumor subtypes (P � .583), and decreased as the pathologic
stages increased without reaching statistical significance (P � .053). There were no correlations
between maspin positivity and either VEGF expression or microvessel density.

ONCLUSIONS In RCC, maspin expression is reduced with increased tumor size. Studies with larger series
may be contributory in defining the role of maspin expression in RCC. Moreover, regulation
of maspin expression genes appears to have the potential to lead to new treatment

approaches. UROLOGY 76: 765.e8 –765.e13, 2010. © 2010 Elsevier Inc.
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enal cell carcinoma (RCC) is one of the most
malignant solid tumors and represents 2%-3% of
all adult malignancies.1 Although renal cancer

an be diagnosed incidentally at early stages, resulting in
favorable prognosis, it still bears considerable mortality

n many cases. Many pathologic findings related to RCC
ave been evaluated previously as prognostic factors,
mong which tumor stage, size, histologic subtype, and
uclear grade are prominent.2 These markers may be
redictive for prognosis, but indicators of invasive or
etastatic potential are still needed.
Vascular endothelial growth factor (VEGF) is the pri-
ary proangiogenic growth factor, which contributes to

he neovascularity of renal cancer.3 VEGF is the most
ommonly studied factor due to its potent angiogenic
raits throughout vasculogenesis and angiogenesis in em-
ryologic and adult stages. It has been reported that
EGF expression is increased in patients with RCC.4,5

icrovessel density (MVD) represents an estimate of
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umor angiogenesis and has been associated with meta-
tatic spread in patients with RCC.6

Mammary serine protease inhibitor (maspin) was first
solated and described by Zou et al. as a member of the
erpin superfamily of protease inhibitors.7 The regulatory
echanisms of maspin function, however, have not been

ully described. Studies have demonstrated that maspin
uppresses tumor growth and metastases by inhibiting
umor cell invasion and motility.7,8 Zhang et al. have also
emonstrated that maspin inhibits angiogenesis by reduc-
ng endothelial cell motility and MVD in cell cultures
nd rat cornea model systems.9 In addition, although the
echanisms underlying its biological activities are still

argely unknown, maspin seems to act on the cell mem-
rane both directly and indirectly, affecting cell adhesion
nd inhibiting cell motility and invasion.10 It has also
een shown that maspin is highly expressed in various
inds of normal cells, whereas it displays decreased ex-
ression in several cancer cells.8,11-13

This study investigated the relation between maspin
xpression and the histologic subtypes, pathologic stages,
uclear grades, tumor sizes, and distant metastases of
CC. In addition, maspin expression in RCC was com-
ared with that of VEGF and MVD for their relations

ith tumor angiogenesis.

0090-4295/10/$34.00
doi:10.1016/j.urology.2009.12.077
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ATERIAL AND METHODS

linicopathological Data
he clinical and pathologic findings of 124 RCC patients

reated by radical or partial nephrectomy in our department
etween 2002 and 2008 were reviewed retrospectively. Of the
24 patients, 66.1% were male and 33.9% were female, with a
ean age of 59.4 years (range, 28-84). The study was approved

y the Baskent University ethical committee.
The tumors were staged according to the 2002 TNM classi-

cation and graded according to the Fuhrman grading sys-
em.14,15 The histologic subtypes were assessed according to the
onsensus classification of renal cell neoplasia in the World
ealth Organization’s 2004 classification system.16

The prognostic value of maspin was evaluated and maspin
xpression was correlated with the histologic tumor subtypes,
athologic stages, Fuhrman nuclear grades, tumor sizes, and the
resence of distant metastases. In addition, the relation be-
ween maspin and VEGF expressions, and the relations between
aspin expression and MVD were evaluated.

mmunohistochemical Evaluation
mmunohistochemistry was independently evaluated by a
athologist who was unaware of the clinical data. Sections of
-�mthickness were obtained from paraffin blocks for immu-
ohistochemical study. Maspin (monoclonal-mouse, clones
AW24, and MS-1767-R7; Lab Vision Corp./NeoMarkers, Fre-
ont, CA), VEGF (clones VG1 and MS-1467-R7; Lab Vision
orp./NeoMarkers), and CD31 (clones JC/ 70A and MS-353-
7; Lab Vision Corp./NeoMarkers) were studied by using a
niversal avidin-biotin complex peroxidase (ultra-vision detec-
ion system, antipolyvalent; Lab Vision Corp./NeoMarkers)
ethod. AEC (code K3469; Dako A/S, Glostrup, Denmark)
as used as a chromogen. Cytoplasmic and/or nuclear staining

or maspin and membranous and cytoplasmic granular staining
or VEGF were evaluated in tumor cells.

Maspin staining was scored as negative (staining in 0%-5% of
ll tumor cells) or positive (staining in 6%-100% of all tumor
ells). All tumor cells were evaluated for VEGF expression.
ecause of a lack of homogenous staining within the tumor, 2
arameters, as distribution and intensity of expression, were
valuated semiquantitively and scored separately.17 The inten-
ity of staining was determined as 0 � no staining, 1 � weak
taining, 2 � moderate staining, and 3 � heavy staining; and
he distribution of staining was recorded as 0 � no staining, 1 �
%-25%, 2 � 26%-50%, 3 � 51%-75%, and 4 � 76%-100%.
he 2 scores were then multiplied to obtain a total score

anging from 0-12.
The MVD was measured by immunohistochemical staining

ith CD31 monoclonal antibody. The stained sections were
creened at 100� magnification under a light microscope to
dentify 5 regions with the highest number of microvessels. The
icrovessels were then counted in these regions at 400� mag-
ification. The final microvessel count was expressed as the
ean number of vessels counted in 5 regions at high magnifi-

ation.6

tatistical Analyses
he data were analyzed by using the SPSS for Windows soft-
are (version 16; SPSS, Inc., Chicago, IL). The relationship
etween maspin expression and categorical variables was com-
ared by the chi-square test, or Fisher’s exact probability test

hen appropriate. Nonclear cell tumors (papillary, chromo- l

ROLOGY 76 (3), 2010
hobe, and collecting duct) were evaluated together because of
he small number of collecting duct tumors. The nonparametric

ann-Whitney U test was performed to compare maspin
roups with VEGF score and CD31 counts. Survival curves
ere evaluated using the Kaplan–Meier method, and differ-
nces between groups were tested using the log-rank test. Cox
egression analysis was used for multivariate analysis. A value of
� .05 was considered statistically significant.

ESULTS

linicopathological Findings
t clinical presentation, the tumor was incidental in 62

atients (50.0%) and flank pain was the main symptom
n 29 patients (23%). The surgical treatment was radical
ephrectomy in 106 patients and partial nephrectomy in
8 patients.
Of the 124 tumors examined, 68 (54.8%) were clear

ell carcinomas (CC); 29 (23.4%) were papillary cell
PC); 23 (18.6%) were chromophobe cell (CPC); and 4
3.2%) were carcinoma of the collecting ducts of Bellini
CDC). The mean tumor size was 6.1 cm (range, 1.2-15).
he tumor size was �7 cm in 81 patients and �7 cm in
3 patients. Only Fuhrman grade 2 (n � 106, 85.5%) and
rade 3 (n � 18, 14.5%) tumors were identified. No grade
tumor was identified in any of the pathologic speci-
ens. Tumor stage was low (pT1, pT2) in 96 patients

77.4%) and high (pT3 and pT4) in 28 patients (22.6%).
he demographic and clinicopathologic data of the 124
atients are shown in Table 1.
The mean follow-up period was 34.7 months (range,

-120). The follow-up was based on a standard protocol.
uring the follow-up period, distant metastasis occurred

n 25 patients. The metastasis of the lungs was the most
requent (n � 13). Other sites where metastases occurred
ere the bone (n � 7), brain (n � 3), peritoneum (n �
), and liver (n � 3); in 4 patients, metastasis occurred at
ultiple sites. There were 3 patients with local recur-

ence in the operation sites. Six patients who were in
T3 stage previously and 19 patients in whom distant
etastases developed were lost to follow-up.

aspin Expression. Cytoplasmic maspin expression was
etected in 51 (41.1%) patients. No nuclear expression
f maspin was detected in any of the pathologic materi-
ls. Maspin expression was detected in 48.2% of the
atients with a tumor size �7 cm, whereas the rate of
aspin expression was 28% in patients with a tumor size
7 cm (P � 0.036). Maspin expression was detected in

5.2% of CPC, 38.2% of CC, 31% of PC, and 25% of
DC subtypes of RCC. There were no significant differ-

nces between the CC and nonclear cell subgroups with
egard to maspin expression (P � .583). Moreover, no
tatistically significant differences were detected between
C and PC and between CC and CDC for maspin

xpression (P � .05), in the patients with CPC, the rate
f maspin positivity was higher than that of the patients
ith CC (P � .025). Maspin staining of different histo-
ogic RCC subtypes is shown in Fig. 1. No significant

765.e9
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orrelation existed between maspin expression and tumor
rades (P � .301). Maspin expression was demonstrated
n 45.8% of the low stage (pT1, pT2) tumors, whereas its
xpression decreased to 25% in the tumors of higher stage
pT3, pT4) (P � .053). Maspin expression was 28% in
he patients who developed metastasis in the follow-up,
hereas it was 44.4% in the patients who were metasta-

is-free (P � .174).
There was no correlation between maspin positivity

nd either VEGF expression or microvessel density (P �
204 and P � .768, respectively). The statistical relation-
hips between maspin expression and the clinicopatho-
ogic parameters of RCC are presented in Table 2.

ascular Endothelial Growth Factor Expression and
icrovessel Count. VEGF expression is predominantly

bserved in the cytoplasm of the cancer cells. No statis-
ically significant correlations were found between the
umor subtypes and VEGF scores (P � .757). However, a
tatistically significant correlation was found between
umor stage and grade with VEGF score (P � .006 and

� .008, respectively). No statistically significant

Table 1. The demographic and clinicopathologic data of
the 124 patients

Variable Value, n (%)

Age (yrs) 59.41 � 11.1
Gender

Male 82 (66.1)
Female 42 (33.9)

Clinical presentation
Incidental 62 (50.0)
Symptomatic 62 (50.0)

Surgery
Radical 106 (85.5)
Nephron-sparing 18 (14.5)

Tumor size
�7 cm 81 (65.3)
�7 cm 43 (34.7)

Localization
Right 62 (50.0)
Left 62 (50.0)

Histologic subtype
Clear cell 68 (54.8)
Papillary 29 (23.4)
Chromophobe 23 (18.6)
Collecting duct 4 (3.2)

Grade (Fuhrman)
1 0 (0)
2 106 (85.5)
3 18 (14.5)

Pathologic stage
Low (pT1, pT2) 96 (77.4)
High (pT3, pT4) 28 (22.6)

Distant metastasis
Positive 25 (20.2)
Negative 99 (79.8)

Maspin
Positive 51 (41.1)
Negative 73 (58.9)
orrelations were found between the survival rate and t

65.e10
umor size with VEGF scores (P � .07 and P � .559,
espectively).

Tumor subtypes and MVD were not statistically cor-
elated (P � .526). As the tumor stage, grade, and size
ncreased, MVD levels statistically significantly decreased
P � .01, P � .048, and P � .026, respectively). Simi-
arly, in the patients who died, the level of MVD de-
reased (P � .002).

No statistically significant relationship was found be-
ween VEGF scores and MVD (P � .895). VEGF and

VD positivites in RCC are shown in Fig. 2.
In Kaplan-Meier survival analysis, it was determined

hat with higher grade, size, and stage of the tumor, the
urvival was statistically significantly reduced (for each
arameter P � .001). By contrast, maspin expression and
umor histologic subtypes and survival were not statisti-
ally significantly correlated (P � .135 and P � .178,
espectively). Only the tumor stage was an independent
redictor of cancer-specific survival in the multivariate
nalysis (P � .001).

OMMENT
pproximately 20%-30% of RCC cases are metastatic at

he time of diagnosis.18 The response of metastatic RCC
o conventional chemotherapy, radiotherapy, and immu-
otherapy is inadequate. New prognostic markers of in-
asive and metastatic nature will be of great help in this
egard. Characteristically, metastatic RCC is the most
esistant malignancy to cytotoxic chemotherapy. Cyto-
ine-based immunotherapy with interleukin-2 and/or in-
erferon-alpha has been accepted as the standard treat-
ent for patients with advanced RCC, although few

atients benefit from the therapy. Recent advances in the
nderstanding of molecular mechanisms and genetics of
CC have led to the identification of new targets, such as
EGF. Activation of VEGF pathway in RCC is associ-

ted with tumor angiogenesis, proliferation, and metas-
asis. Recently, multitargeted tyrosine kinase inhibitors
sunitinib, sorafenib) and mammalian target of rapamy-
in kinase inhibitors (temsirolimus, RAD001) targeting
he VEGF pathway have shown clinical activity in met-
static RCC.19

Maspin (SerpinB5) is a member of the serine protease
nhibitor superfamily, like plasminogen activator inhibi-
ors 1 and 2, and a1-antitrypsin.20 The structural homol-
gy of maspin to serpins led to the initial hypothesis that
ts tumor suppressor function might be attributed to its
bility to inhibit proteolysis. This idea is supported by the
act that maspin was reported to inhibit the activity of
issue-type plasminogen activator.21 Furthermore, it was
hown that maspin can mediate the inhibition of uroki-
ase-type plasminogen activator on the surface of pros-
ate carcinoma cells.22 Some studies revealed the pro-
poptotic effect of maspin and proposed that maspin
ight suppress tumor progression by enhancing cellular

ensitivity to apoptotic stimuli.23 Maspin is a discovered

umor suppressor gene whose tumor-suppressing mecha-

UROLOGY 76 (3), 2010
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ism seems to be as complex as the progression of the
alignancy itself.24

Several recent studies have demonstrated that maspin
s expressed in normal cells, downregulated in neoplastic
ells, and absent in metastatic cells.7,13 Tumor-suppressor
ffects of maspin have also been demonstrated before.
owever, conflicting data in nonsmall-cell lung and

varian cancers are present, which show correlation with
aspin positivity and poor prognosis.25,26 In these stud-

es, maspin showed cytoplasmic uptake. In a study inves-
igating maspin in the urinary system and bladder cancer,

igure 1. Maspin positivity in RCCs. (A) Clear cell carcino
D) carcinoma of the collecting duct of Bellini. Original m

Table 2. Relationship between maspin expression and
clinicopathological features of RCC

Maspin Expression
(n (%))

P ValueNegative Positive

Tumor size .036
�7 cm 42 (51.8) 39 (48.2)
�7 cm 31 (72) 12 (28)

Histologic subtype .583
Clear cell 42 (61.8) 26 (38.2)
Nonclear cell

Papillary 20 (69) 9 (31)
Chromophobe 8 (34.8) 15 (65.2)
Collecting duct 3 (75) 1 (25)

Fuhrman Grade .301
2 60 (56.6) 46 (43.4)
3 13 (72.2) 5 (27.8)

Pathologic stage .053
Low (T1, T2) 52 (54.2) 44 (45.8)
High (T3, T4) 21 (75) 7 (25)

Distant metastasis .174
Positive 18 (72) 7 (28)
Negative 55 (55.6) 44 (44.4)
t has been shown that cytoplasmic maspin expression is t

ROLOGY 76 (3), 2010
igher in normal bladder urothelium and superficial blad-
er tumors, whereas its expression is significantly reduced
n invasive bladder carcinoma. Therefore, it has been
uggested that maspin may be used as a marker in the
rognosis of invasive carcinoma of the bladder.12 In non-
mall-cell lung and ovarian cancers, cytoplasmic staining
f maspin is a poor prognostic factor; in bladder cancer,
t is a good prognostic factor.

The correlation between RCC and maspin markers has
een investigated in only 1 study (Blandamura et al.),
ith the following findings. CC stained negatively with
aspin, whereas positive staining was demonstrated in
C, CPC, and at least focally in CDC. Maspin nuclear
eactivity was demonstrated in all patients examined;
owever, in only 1 CDC patient, cytoplasmic reactivity
as detected. A negative correlation was found between

he presence of metastasis in PC and CDC, and maspin.27

n the present study, maspin staining was positive in
8.2% of CC patients, and in contrast to the aforemen-
ioned study, cytoplasmic maspin staining was observed
n all tumor cells. Despite studies on maspin expression in
CC, the differences in the results of our study and the

tudy by Blandamura et al. may be due to differences in
he immunohistochemical methods used and use of dif-
erent maspin rates in both studies. In our study, immu-
ohistochemically ready Laboratory Vision Corporation/
eoMarkers was used, whereas Blandamura et al. used

he Dako kit. The marker used in our study was previ-
usly used in studies on maspin expression,11,26 and as in
ur study, in these studies, maspin showed cytoplasmic
taining. In addition, the rates of maspin expression in
ifferent subtypes of RCC in both studies might have
een due to different maspin cut-off values.
In some studies, cytoplasmic maspin staining in various

B) papillary renal cell carcinoma; (C) chromophobe RCC;
ification 400�.
ma; (
umors has been referred to as inactive maspin, and this

765.e11
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as been interpreted as an indicator of poor prognosis. In
ontrast, nuclear maspin staining has been regarded as a
ood prognostic factor.11,25,28 In our study, cytoplasmic
aspin staining was evaluated as a good prognostic fac-

or. These findings suggest that the presence of maspin in
different compartments of various tumor cells may have
ifferent biological and clinical implications. In a study
y Mohsin et al., it was suggested that nuclear maspin
taining might be associated with hormone receptor ex-
ression.28 The presence of only cytoplasmic staining in
ur study may be a reflection of the hormonal inactivity
f RCC in the absence of paraneoplastic syndromes.
nother probability is the presence of already undefined

soforms of maspin, which may exert different biological
ctivity in different cell types of either normal or tumoral
rigin. New evidence suggests that maspin’s function is
ssociated with its subcellular location. Therefore, tar-
eted expression of maspin in tumor cells will provide
remendous insight into how maspin functions at differ-
nt locations of the cell. Furthermore, to understand the
bility to inhibit proteolysis, one of the suggested tumor
uppressor functions of maspin,21 it is important to iden-
ify interacting proteins in the context of the observed
iological functions of maspin.24 Therefore, further stud-
es at a molecular level to investigate the presence or
bsence of maspin subgroups would provide clarity to
hese conflicting findings.

In our study, maspin was compared with VEGF and
VD because of their close relation with tumor angio-

enesis. Zhang et al. have reported that maspin inhibited
ngiogenesis by decreasing MVD.9 Bolat et al. have dem-
nstrated the positive relation between VEGF expression
nd maspin, which is a poor prognostic factor in ovarian
ancers.26 Despite these studies, no relation was detected
etween maspin with VEGF and MVD in our study. This
esult might reflect that maspin displays its effect through
echanisms excluding angiogenesis.
The negative correlation between tumor size and maspin

xpression might be an indicator of reduced expression of
his marker in more invasive tumors. In addition, this opin-
on was supported by the fact that there was maspin expres-
ion in 45.8% of the patients with low-stage tumors com-
ared with 25% expression in the patients with higher-stage

igure 2. (A) Microvessel density positivity in clear cell carc
ell carcinoma (original magnification 400�).
umors. Similarly, maspin expression was 44.4% in patients

65.e12
ithout any distant metastasis, whereas it was only 28% in
he patients who had distant metastases.

Despite recent increases in genetic and biological infor-
ation and development of treatment strategies against

ancer at the molecular level, effective and routinely used
umor markers, such as those used in the diagnosis of testis
nd prostate cancers, have not been defined for the fol-
ow-up of patients with RCC after treatment. Our study has
ome important limitations; the study is retrospective and
he number of patients is quite low. If a higher number of
ases had been included in our study, a negative relationship
ould have been found between tumor stage and maspin
xpression. Thus, in studies with larger series, results might
e more objective. Moreover, maspin re-expression might
ecome a therapeutic option in the treatment of invasive
CC. Further studies conducted on this subject will be
nlightening.
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KA06/145) provided by Baskent University School of Medicine.
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