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cy according to the Fuhrman four-grade scale, mitotic 
index, pathological stage and disease survival. For the 
statistical analysis, four grades were collapsed into two 
by which RCC cases were categorized as low malignant 
(LM) and high malignant (HM). In the normal renal pa-
renchyma adjacent to the tumors, the renal tubular epi-
thelium showed a cytoplasmic expression of all four kal-
likreins. In RCC, immunohistochemical expression was 
decreased: 33 of 57 cases (58%) were positive for hK5, 
27 of 70 (39%) for hK6, 46 of 70 (66%) for hK10 and 32 of 
69 (46%) for hK11. A statistically signifi cant positive cor-
relation was observed among the immunohistochemical 
expression of all kallikreins. HM-RCC expressed all kal-
likreins in a higher percentage of cases than LM-RCC, but 
statistically signifi cant differences were only observed 
for hK6 and hK10 (55 vs. 27%, p = 0.016, and 79 vs. 56%, 
p = 0.044, respectively). hK6 and hK11 expression showed 
a positive correlation to pathological stage: hK6 with 
both Robson and TNM 2002 staging systems (p = 0.010 
and p = 0.017, respectively), and hK11 only with the Rob-
son staging system (p = 0.045). In both the Kaplan-Meier 
and the univariate Cox regression analyses, hK6 expres-
sion was negatively correlated with disease-specifi c sur-
vival (p = 0.05 and p = 0.038, respectively). In univariate 
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  Abstract 
 Human kallikreins 5, 6, 10 and 11 (hK5, 6, 10 and 11) are 
expressed by many normal tissues, and it has been sug-
gested that they may represent candidate tumor-diag-
nostic or -prognostic markers. In patients with renal cell 
carcinoma (RCC), outcome is unpredictable despite the 
use of conventional prognostic factors. The aim of this 
study is to evaluate the immunohistochemical expres-
sion and the prognostic value of the above kallikreins in 
RCC. The study comprised 95 patients who underwent 
radical nephrectomy for RCC. The median follow-up pe-
riod was 60 months (range 1–180 months). Fifty-seven 
RCC cases were immunostained for hK5, 70 for hK6, 70 
for hK10 and 69 for hK11. The streptavidin-biotin-per-
oxidase method of immunostaining was performed us-
ing anti-hK5, anti-hK6, anti-hK10 and anti-hK11 mono-
clonal and polyclonal antibodies. The immunohisto-
chemical expression of these kallikreins was correlated 
with tumor size, histological type, histological malignan-
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analysis, nuclear grade, Robson stage and TNM stage 
also correlated with disease-specifi c survival. However, 
in the multivariate analysis, TNM stage was the only in-
dependent prognostic factor. In conclusion, although the 
immunohistochemical expression of hK5, hK6, hK10 and 
hK11 was downregulated in RCC, tumors of high grade 
and late stage expressed one or more of the above kal-
likreins in a higher percentage of cases, and hK6 may 
predict a poor disease outcome in RCC. 

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Kallikreins 5, 6, 10 and 11 are members of the human 
tissue kallikrein multigene family that includes 15 genes 
(nomenclature; KLK1–KLK15 for genes, hK1–hK15 for 
the corresponding proteins) that are all localized on chro-
mosome 19q13.4 and share important similarities at 
DNA, mRNA and protein levels  [1–4] . The recently dis-
covered kallikrein gene 5 [KLK5, formerly designated as 
either kallikrein-like gene 2 (KLK-L2) or human stratum 
corneum tryptic enzyme (HSCTE)] is one of the newly 
identifi ed members of this gene family  [5, 6] . The KLK6 
gene had been cloned independently by three groups of 
investigators and had been given the names zyme, prote-
ase M and neurosin, respectively  [7–9] . The normal epi-
thelial cell-specifi c 1 (NES1) gene (now known as KLK10) 
was cloned by subtractive hybridization techniques based 
on its downregulation in radiation-transformed breast 
epithelial cells  [10] . The KLK11 gene [formerly named 
either trypsin-like serine protease (TLSP) or hippostasin] 
was fi rst cloned by Yoshida et al.  [11]  and subsequently 
by Yousef et al.  [12] . With the exception of KLK1, KLK2 
and KLK3, the remaining twelve kallikreins are expressed 
in many normal human tissues, including the kidney  [1–
4] . In recent studies, we evaluated the immunohisto-
chemical expression of several human kallikreins, includ-
ing hK5, hK6, hK10 and hK13 in normal kidney and 
other tissues  [13–15] . Notably, the epithelium of the renal 
tubules, which represents the site of development of renal 
cell carcinoma (RCC)  [16] , strongly expressed all studied 
human kallikrein proteins.  

 RCC accounts for 3% of adult solid tumors, and each 
year approximately 30,000 new cases are diagnosed in the 
United States and 20,000 others in the European Union 
 [16] . Despite availability of modern imaging techniques, 
which facilitate early diagnosis (leading to an apparent 
30% increase in disease incidence), one third of the pa-
tients still present with metastatic disease, with up to 50% 

of them demonstrating localized disease progression after 
radical nephrectomy. Overall, however, prognosis has 
improved in patients with both localized and advanced 
RCC  [17] . RCC includes several distinct entities, with a 
range of biologic and clinical behaviors from being rela-
tively indolent to extremely aggressive. Although conven-
tional prognostic factors such as stage, grade and histo-
logical type are quite useful, other clinical, pathologic 
and, more recently, biomolecular parameters may have 
additional prognostic value. Recently proposed biomark-
ers include DNA content and indices of cellular prolif-
eration, apoptosis and angiogenesis  [18–21] . Some hu-
man kallikreins may function as tumor suppressor genes 
and several are down- or upregulated during cancer pro-
gression  [3, 4] . Many members of the KLK gene family, 
including KLK5, KLK6, KLK10 and KLK11, have been 
proposed as new biomarkers for a variety of malignancies 
such as prostate, breast, ovarian and testicular cancers 
 [1–4, 22] . Until now, however, kallikreins have not been 
studied in RCC.  

 Here, we evaluate for the fi rst time the immunohisto-
chemical expression of hK5, hK6, hK10 and hK11 in 
RCC and correlate this expression with several conven-
tional prognostic factors. Our aim is to determine if these 
kallikreins can serve as useful markers for assessing the 
risk of RCC progression. 

   Patients and Methods 

 Patients and Tissue Samples 
 This study comprised 95 patients with a median age of 62 years 

(range 36–82 years) who underwent radical nephrectomy for local-
ized RCC. The median follow-up period was 60 months (range 
1–180 months). At the time of the last follow-up, 38 patients were 
alive with no evidence of disease, whereas 57 patients had died (53 
due to progression of RCC and 4 due to other causes with no clin-
ical evidence of disease progression at the time of death). Ethics 
approval for this study was obtained from the Evangelismos Hos-
pital, Athens, Greece. Paraffi n sections of tissues fi xed in buffered 
formalin were used for hematoxylin-eosin staining and immuno-
histochemical staining of the four kallikreins. These sections were 
used to assess a number of histological parameters, including im-
munohistochemical expression of kallikrein. Fifty-seven RCC 
specimens were immunostained for hK5, 70 for hK6, 70 for hK10 
and 69 for hK11. The immunohistochemical expression of all kal-
likreins was correlated with patient age, tumor size, histological 
type, histological malignancy, mitotic index, pathological stage and 
disease survival. The Heidelberg-UICC/AJCC (Union Internatio-
nale Contre le Cancer/American Joint Committee on Cancer) clas-
sifi cation was used for the assessment of the histological type  [23, 
24] . Sixty-two tumors (65%) were clear-cell, 18 (19%) were papil-
lary, 6 (6%) were chromophobe and 9 (10%) were unclassifi ed 
RCCs. Collecting-duct carcinomas were not included in the study. 
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The Fuhrman four-scale grading system was used for the determi-
nation of the histological malignancy  [25] ; in the statistical analysis 
these four grades were collapsed into low malignant (LM, grades 1 
and 2) and high malignant (HM, grades 3 and 4) categories. In-
cluded were 49 LM-RCCs (52%) and 46 HM-RCCs (48%)  [26] . The 
mitotic index was estimated based on the number of mitotic fi gures 
per 10 high power fi elds. Both the Robson and TNM (2002 edition) 
staging systems were used for the determination of the pathological 
stage  [27, 28] . 

   Immunohistochemistry 
 For the evaluation of immunohistochemical expression of kal-

likrein, the streptavidin-biotin-peroxidase protocol was performed 
using the DAKO LSAB+Kit Peroxidase. Kallikrein-specifi c poly-
clonal and monoclonal antibodies, raised by immunizing animals 
with full-length recombinant hK5, hK6, hK10 and hK11, were de-
veloped and used as previously described at dilutions of 1:   500 for 
polyclonal antibodies and 1:   100 for monoclonal antibodies  [13–15, 
29] . Staining procedures were preceded by deparaffi nization in 
warm xylene for 5 min with two changes of xylene at room tem-
perature, followed by rehydration by transfer through graded alco-
hol series. Endogenous peroxidase activity was blocked with 0.5% 
H 2 O 2  in methanol for 10 min. The sections were pretreated with 
10 m M  citrate buffer (pH 6.1) in a microwave oven for 5 min and 
incubated overnight at 4   °   C with the primary rabbit polyclonal or 
mouse monoclonal antibodies in 3% BSA. After two washes of the 
sections in 50 m M  Tris buffer (pH 7.6), the biotinylated Link 
(DAKO, Carpinteria, Calif., USA) was applied for 15 min and a 
streptavidin-peroxidase conjugate followed for another 15 min. 
The enzymatic reaction was developed in a freshly prepared solu-
tion of 3,3 � -diaminobenzidine tetrahydrochloride using DAKO liq-
uid DAB substrate-chromogen solution for 10 min. The sections 
were then counterstained with hemalum, dehydrated, cleared in 
xylene and mounted.  

   Statistics 
 Statistical analysis was performed with the SPSS 10.0 software. 

Associations between the clinicopathological parameters and kal-
likrein expression were analyzed by  �  2  test or Kruskal-Wallis test, 
as appropriate. For survival analysis, death due to RCC progression 
was used to calculate disease-specifi c survival. Survival data were 
analyzed by generating Kaplan-Meier curves and both univariate 
and multivariate Cox proportional hazard regression models. In the 
multivariate analysis, the models were adjusted for kallikrein ex-
pression, histological grade, histological type, Robson stage and 
TNM stage. In the Kaplan-Meier analysis, differences in survival 
curves between hK-negative and -positive groups were evaluated 
using log-rank tests. p values  ! 0.05 were considered statistically 
signifi cant. 

   Results 

 In the normal renal parenchyma adjacent to tumor tis-
sue, the renal tubular epithelium displayed a uniformly 
cytoplasmic immunohistochemical expression of all kal-
likreins, whereas the renal glomeruli were negative ( fi g. 
1 a). In RCC tissue, kallikrein immunohistochemical ex-

pression was decreased: 33/57 cases (58%) were positive 
for hK5, 27/70 (39%) for hK6, 46/70 (66%) for hK10 and 
32/69 (46%) for hK11 ( fi g. 1 b–i). A statistically signifi cant 
positive correlation was observed between the immuno-
histochemical expression of four kallikreins ( table 1 ). 
HM-RCC expressed all kallikreins in a higher percentage 
of cases than LM-RCC, but a statistically signifi cant dif-
ference was only observed for hK6 and hK10 (55 vs. 27%, 
p = 0.016, and 79 vs. 56%, p = 0.044, respectively;  ta-
bles 2–5 ). hK6 and hK11 showed a positive correlation 
with pathological stage: hK6 with both Robson and TNM 
staging systems (p = 0.010 and p = 0.017, respectively) 
and hK11 only with the Robson staging system (p = 0.045; 
 tables 2–5 ). No statistically signifi cant correlation was ob-
served between kallikrein immunohistochemical expres-
sion and either tumor type, mitotic index, patient age or 
tumor size (data not shown for the last two parameters). 
In both Kaplan-Meier and univariate Cox regression 
analyses, among the four kallikreins, only hK6 immuno-
histochemical expression showed a negative correlation 
with disease-specifi c survival (p = 0.05 and p = 0.038, re-
spectively). In univariate Cox regression analysis, nuclear 
grade, Robson stage and TNM stage also correlated with 
disease-specifi c survival (p = 0.009, p  !  0.001 and p  !  
0.001, respectively). However, in the multivariate analy-
sis, TNM stage was the only independent prognostic 
 factor. 

   Discussion 

 RCC is characterized by lack of early clinical manifes-
tations, unpredictable outcome and absence of effective 
treatment modalities, except for early surgery. This ma-
lignancy responds poorly to both traditional chemother-
apy and immunotherapeutic approaches. Therefore, pa-
tient- or tumor-related characteristics that predict re-
sponse to treatment and subsequent survival would 

Table 1. Associations between kallikrein 
immunoexpression in RCC

hK6 hK10 hK11

hK5 0.04 <0.001 <0.003
hK6 <0.001 <0.001
hK10 <0.001

The �2 test was applied.
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enable the identifi cation of subgroups that could be spared 
the exposure to ineffective therapy. An ideal prognostic 
marker should have high specifi city, sensitivity and re-
producibility. Although numerous factors have been ex-
amined for RCC prognosis, none has proven to have all 
of the aforementioned properties. In 1997, the UICC/
AJCC evaluated several potential prognostic factors for 
RCC, including tumor-, patient- and treatment-related 
factors  [20] . Stage, grade, and histological subtype remain 
the most important prognostic variables in localized dis-
ease, but tumors of similar stage and grade can still ex-
hibit wide variations in biological behavior and clinical 
outcome. Newer techniques for assessing tumor prolif-

eration and the application of cytogenetics to RCC are 
currently being explored and may add to prognostication 
 [18–21] . 

 Human tissue kallikreins are serine proteases with 
striking similarities in their structure, and their genes are 
closely localized in the same genomic area of chromo-
some 19  [1–4] . In our previous studies, the renal tubular 
epithelium from a variety of sites along the nephron 
showed a cytoplasmic immunohistochemical expression 
of at least seven kallikreins (hK5, hK6, hK7, hK10, hK11, 
hK13 and hK14). Stronger staining was observed in the 
epithelium of the proximal and distal convoluted tubules. 
No cell type of the renal glomeruli expressed any kalli-

  Fig. 1.   a  Normal kidney. Immunohistochemical expression of hK11 in renal tubular epithelium (arrows).  b  Clear-
cell RCC, grade 2. Immunohistochemical expression of hK11 in the tumor (arrow) and in the renal tubular epi-
thelium (arrowhead).  c, d  Clear-cell RCC, grade 2. Immunohistochemical expression of hK5 ( c , arrow) and hK10 
( d , arrow).  e, f  Clear-cell RCC, grade 3 ( e ) and grade 4 ( f ). Immunohistochemical expression of hK6 (arrow). 
 g, h  Papillary RCC, grade 2 ( g ) and grade 3 ( h ). Immunohistochemical expression of hK11 ( g , arrow) and hK10 
( h , arrow). Arrowhead demonstrates negative foam histiocytes.  i  Unclassifi ed ‘sarcomatoid’ RCC. Immunohisto-
chemical expression of hK6 (arrow). All magnifi cations  ! 200. 
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krein  [13–15  and our unpubl. data]. The immunohisto-
chemical expression of the four kallikreins in RCC in the 
present study is in accord with the fact that all histologi-
cal types of RCC derive from different parts of the renal 
tubules.  

 The current study is the fi rst in which kallikrein expres-
sion has been examined in RCC, and our results, there-
fore, cannot be compared to those of others. All kallikre-
ins were immunohistochemically expressed in the renal 
tubules, but their expression was decreased in RCC. A 
statistically signifi cant positive correlation was observed 
among the expression of all kallikreins. HM-RCC ex-
pressed all kallikreins in a higher percentage of cases than 
LM-RCC, but statistically signifi cant differences were 
only observed for hK6 and hK10 expression. This is in-
teresting, given the downregulation of their expression in 
malignant compared to normal kidney tissue. hK6 and 
hK11 showed a positive correlation with pathological 
stage, but no statistically signifi cant correlation was ob-
served between kallikrein immunohistochemical expres-

sion and patient age, tumor type, mitotic index or tumor 
size. Among the four kallikreins, only hK6 expression 
showed a negative correlation with disease-specifi c sur-
vival in both Kaplan-Meier and univariate Cox regres-
sion analyses. In univariate analysis, nuclear grade, Rob-
son stage and TNM stage also correlated with disease-
specifi c survival, fi ndings that agree with previously 
published data  [20] . In multivariate analysis, adjusted for 
Fuhrman grading, Robson and TNM staging, tumor size, 
mitotic index and kallikrein expression, TNM stage was 
the only independent prognostic factor. 

 Altered intracellular processing and secretion of fi bro-
nectin and other matrix proteins are found in RCC, rep-
resenting one consequence of the von Hippel-Lindau 
gene mutation. Most likely, this fundamental defect has 
important effects on tumor biology, given the important 
role of the matrix in regulating cellular differentiation 
and tumor invasiveness and metastasis  [30] . Increased 
expression of proteases other than kallikreins, e.g. plas-
min, the matrix metalloproteinases and urokinase plas-

Table 2. Relationship between hK5 immunoexpression and other 
variables in 57 patients with RCC

Variable Patients p value
(�2 test)

total hK5
negative

hK5
positive

Histological grade
LM-RCC 34 15 (44%) 19 (56%) 0.708
HM-RCC 23 9 (39%) 14 (61%)

Mitoses
^1/10 HPF 27 14 (52%) 13 (48%) 0.325
2–3/10 HPF 17 5 (19%) 12 (71%)
64/10 HPF 13 5 (38%) 8 (62%)

Histological type
Clear cell 38 19 (50%) 19 (50%)
Papillary 11 2 (18%) 9 (82%)
Chromophobe 5 1 (20%) 4 (80%) 0.151
Unclassifi ed 3 2 (67%) 1 (33%)

Robson stage
I 30 12 (40%) 18 (60%) 0.736
II 16 8 (50%) 8 (50%)
III 11 4 (36%) 7 (64%)

TNM stage
pT1 13 6 (46%) 7 (54%) 0.815
pT2 17 6 (35%) 11 (65%)
pT3a 16 8 (50%) 8 (50%)
pT3b 10 4 (40%) 6 (60%)
pTxN1+ 1 0 (0%) 1 (100%)

HPF = High-power fi elds.

Table 3. Relationship between hK6 immunoexpression and other 
variables in 70 patients with RCC

Variable Patients p value
(�2 test)

total hK6
negative

hK6
positive

Histological grade
LM-RCC 41 30 (73%) 11 (27%) 0.016
HM-RCC 29 13 (45%) 16 (55%)

Mitoses
^1/10 HPF 34 24 (71%) 10 (29%) 0.072
2–3/10 HPF 18 12 (67%) 6 (33%)
64/10 HPF 18 7 (39%) 11 (61%)

Histological type
Clear cell 46 31 (67%) 15 (33%)
Papillary 11 7 (64%) 4 (36%)
Chromophobe 6 2 (33%) 4 (67%) 0.292
Unclassifi ed 7 3 (43%) 4 (57%)

Robson stage
I 36 22 (61%) 14 (39%) 0.010
II 19 16 (84%) 3 (16%)
III 15 5 (33%) 10 (67%)

TNM stage
pT1 19 11 (58%) 8 (42%) 0.017
pT2 17 11 (65%) 6 (35%)
pT3a 18 16 (89%) 2 (11%)
pT3b 13 4 (31%) 9 (69%)
pTxN1+ 3 1 (33%) 2 (67%)

HPF = High-power fi elds.
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minogen activator, correlates with reduced survival and 
may also contribute to the aggressive behavior of RCC 
 [31] . Urokinase plasminogen activator plays a key role in 
the metastatic process by promoting plasmin-mediated 
tissue degradation. In a recent ELISA study, it was dem-
onstrated that high tissue levels of urokinase plasminogen 
activator were associated with infi ltration of the perirenal 
fat and development of distal metastases  [32] . Downreg-
ulation of E-cadherin and cadherin-6, which mediate ad-
hesion between cancer cells, is well documented in RCC 
and has correlated with poor outcomes in most studies. 
Aberrant regulation of  � -catenins, the cytoplasmic pro-
teins that bind cadherins and mediate their effects on the 
cytoskeleton, has also been observed in RCC, and a cor-
relation with compromised survival has been reported 
 [33, 34] . Although CD44 expression offered prognostic 
information independent of stage and grade in one series, 
Paradis et al.  [35]  and   Gilcrease et al.  [36]  reported that 
CD44 expression was probably not an independent prog-
nosticator in clear-cell RCCs because of its strong positive 

correlation with nuclear grade. Other studies have de-
fi ned the adhesion molecules that facilitate interactions 
between tumor cells and endothelial cells in RCC. Stein-
bach et al.  [37]  have shown that sialyl-Lewis X/expression 
of ELAM-1 and VLA-4/VCAM-1 interactions regulate 
this process, which presumably infl uences the ability of 
tumor cells to move into or out of the vascular system 
during the metastatic cascade. 

 In conclusion, the results of this study indicate that 
hK6 and possibly other members of the human kallikrein 
gene family show promise as novel RCC biomarkers. Ac-
cumulating evidence strongly supports the involvement 
of kallikreins in cancer and their possible diagnostic, 
prognostic and therapeutic applications.   

Table 4. Relationship between hK10 immunoexpression and other 
variables in 70 patients with RCC

Variable Patients p value
�2 test

total hK10
negative

hK10
positive

Histological grade
LM-RCC 41 18 (44%) 23 (56%) 0.044
HM-RCC 29 6 (21%) 23 (79%)

Mitoses
^1/10 HPF 34 15 (44%) 19 (56%) 0.228
2–3/10 HPF 18 5 (28%) 13 (72%)
64/10 HPF 18 4 (22%) 14 (78%)

Histological type
Clear cell 46 18 (39%) 28 (61%)
Papillary 11 3 (27%) 8 (73%)
Chromophobe 6 1 (17%) 5 (83%) 0.649
Unclassifi ed 7 2 (29%) 5 (71%)

Robson stage
I 36 11 (31%) 25 (69%) 0.110
II 19 10 (53%) 9 (47%)
III 15 3 (20%) 12 (80%)

TNM stage
pT1 19 6 (32%) 13 (68%) 0.205
pT2 17 5 (29%) 12 (71%)
pT3a 18 10 (56%) 8 (44%)
pT3b 13 2 (15%) 11 (85%)
pTxN1+ 3 1 (33%) 2 (67%)

HPF = High-power fi elds.

Table 5. Relationship between hK11 immunoexpression and other 
variables in 69 patients with RCC

Variable Patients p value
�2 test

total hK11
negative

hK11
positive

Histological grade
LM-RCC 39 22 (56%) 17 (44%) 0.597
HM-RCC 30 15 (50%) 15 (50%)

Mitoses
^1/10 HPF 33 21 (64%) 12 (36%) 0.267
2–3/10 HPF 17 8 (47%) 9 (53%)
64/10 HPF 19 8 (42%) 11 (58%)

Histological type
Clear cell 45 26 (58%) 19 (42%)
Papillary 12 6 (50%) 6 (50%)
Chromophobe 5 1 (20%) 4 (80%) 0.443
Unclassifi ed 7 4 (57%) 3 (43%)

Robson stage
I 34 15 (44%) 19 (56%) 0.045
II 21 16 (76%) 5 (24%)
III 14 6 (43%) 8 (57%)

TNM stage
pT1 17 7 (41%) 10 (59%) 0.205
pT2 17 8 (47%) 9 (53%)
pT3a 20 15 (75%) 5 (25%)
pT3b 12 5 (42%) 7 (58%)
pTxN1+ 3 2 (67%) 1 (33%)

HPF = High-power fi elds.
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