
Abstract. Background: Catenins have prognostic value in
several human tumours. The aim of the study was to analyse
the prognostic value of catenin expression in a prospectively
followed series of renal cell carcinoma. Patients and Methods:
One hundred and twenty-four renal cell carcinomas were
prospectively followed-up for a mean of 3.5 years and the
survival data of patients were related to standard prognostic
factors and to the results of ·-, ‚- and Á-catenin immuno-
histochemistry. The data of catenin immunohistochemistry were
also related to the clinical and histopathological characteristics
of the tumours. Results: Low cytoplasmic ·-catenin expression
was related to lymphatic tumour growth (p=0.02) and to
tumour necrosis (p=0.02). The weak expression intensity of ‚-
catenin on cell membranes was related to venous growth inside
the tumour (p=0.02), extratumoural venous growth (p=0.03)
and to perineural growth (p<0.001). Nuclear Á-catenin
expression was strongly associated with clear cell type
(p=0.0001) and high WHO grade (p=0.038). Short recurrence-
free survival was predicted by weak membranous ·- catenin
(p=0.015) and ‚-catenin (p=0.006) expression intensity, while
their cytoplasmic expression was of lower significance (p=0.07
and 0.045, respectively). All the conventional prognostic factors
predicted short recurrence-free survival: Fuhrman classification
(p=0.02), WHO grade (p=0.026), perineural growth
(p=0.013), venous invasion (p=0.0024), tumour size
(p=0.004) and T-category (p=0.0001). Independent predictors
of short recurrence-free survival were weak membranous
expression intensity of ‚-catenin (RR=0.15, p=0.004), high T-
category (RR=2.70, p=0.001) and high WHO grade
(RR=2.24, p=0.025). Conclusion: The results show that

immunohistochemical analysis of ‚-catenin expression may be
used as an indicator of aggressiveness in renal cell carcinoma.

Renal cell carcinoma (RCC) accounts for about 3% of all

malignancies in adults and its prevalence has been

increasing over the last two decades, both in the United

States and in Europe (1, 2). Despite major breakthroughs

in molecular biology, surgical resection still remains the

only effective treatment for localized renal tumours and

surgical resection of metastatic disease may be considered

in some cases (3). RCC is highly resistant to systemic

chemotherapy and combined response rates of 4 to 6%

are not exceeded by single agents (4). The 5- year survival

is about 50% (5). The outcome of patients with RCC can

be predicted by the tumour-node-metastasis (TNM)

classification (6). Histopathological grading and the

histological characteristics of the tumour correlate with

prognosis as well (7). 

Cadherins are integral transmembrane glycoproteins

responsible for calcium-dependent intercellular adhesion.

The normal function of E -cadherin depends on binding to

the cytoplasmic anchoring proteins ·-, ‚- and Á- catenins

(8). Both ‚- and Á-catenins bind directly to the cytoplasmic

part of the E-cadherin molecule, whereas ·-catenin

connects the E-cadherin bound ‚- or Á-catenins to the actin

microfilament network of the cellular cytoskeleton (8). In

addition to intercellular adhesion, catenins influence

differentiation, maintenance of the architecture of

differentiated tissues, cell polarity, migration, proliferation

and signal transduction for gene transcription , linking the

cell surface to cytoplasmic and nuclear events(9). These

interactions are mediated by the association of catenins not

only with E-cadherin, but also with other transmembrane,

cytoplasmic and nuclear target proteins (9). The

immunohistochemical detection of catenins may reflect

intercellular adhesion more directly than that of E-cadherin

alone (10). An association between reduced catenin
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expression and unfavourable prognosis has been observed

recently in many human malignancies (11-14).

The aim of the present study was to relate the expression

of ·-, ‚- and Á -catenins to histopathological characteristics

and patient outcome in a prospectively followed-up series

of consecutive renal cell carcinomas treated in two hospitals.

Patients and Methods

The clinical data and the original haematoxylin and eosin-stained

sections from 124 patients with primary renal cell carcinomas,

diagnosed and treated between 1995 and 1999 in eastern and

central Finland (Kuopio University Hospital and Central Hospital

of Jyväskylä), were identified from the hospital records. The

tumours were staged according to the International Union Against

Cancer (UICC) classification 1997, based on written hospital

records of pT, sonography, CT or MRI scanning, chest X-ray, Á-

scanning of the bones or urography. All patients were regularly

followed-up by an urologist until death or March 2001. 

The clinical data from the 124 cases (68 men, 56 women) were

reviewed. The original histological sections of the tumours were

stored in a prospective manner and were reviewed by an experienced

pathologist (VK). When reviewing the original H&E-stained sections,

the most representative blocks were chosen by the pathologist (VK)

and cut into 5-Ìm-thick sections for immunohistochemical staining.

The histological grading of tumours was carried out according to the

criteria defined by WHO and Fuhrman. The tumour necrosis was

categorised as none, some, moderate or plenty. The density of

tumour infiltrating lymphocytes was categorised into four groups:

none, few, average and plenty. Venous, lymphatic and perineural

growth were categorised in two groups: yes or no.

Immunohistochemistry. Rehydrated paraffin wax-embedded

sections were washed twice in phosphate-buffered saline (PBS)

and heated in a microwave oven at 600W for three cycles of five

minutes each in 0.005mol/L Tris-HCl buffer (pH 9.7) for ·-

catenin and 0.05 mol/L citrate buffer (pH 9.7) for ‚-and Á-

catenins. Endogenous peroxidase activity was blocked with 5%

H2O2 in distilled water for five minutes, then the sections were

washed three times for five minutes, in distilled water and twice

for five minutes in PBS. After treatment with 1.5% normal horse

serum (Vecstain Elite ABC kit;Vector Laboratories, Burlingame,

California, USA), mouse anti-·-, anti-‚- or anti-Á monoclonal

antibodies (Transduction Laboratories, Lexington, Kentucky,

USA) were applied to the sections at a dilution of 1/200, 1/1000

and 1/200, respectively, in PBS with 1% bovine serum albumin

and incubated for 24 hours at 4ÆC. Thereafter, the sections were

washed and biotinylated secondary antibody and avidin-biotin

peroxidase reagent (Vectastain Elite ABC kit; Vector

Laboratories) were applied to detect bound primary antibody.

Diaminobenzidine tetrahydrochloride (DAB; Sigma, St Louis,

Missouri, USA) was used to demonstrate peroxidase activity. The

slides were counterstained with Mayer’s haematoxylin,

dehydrated, cleared and mounted with DePex (BDH, Poole,

Dorset,UK). Normal epithelium and glandular tissue served as

internal positive controls. In addition, strongly positive samples

for each catenin from other series (intestine, colon) were used

as positive controls in each staining batch. Samples from the

same series without the use of primary antibody served as

negative controls.

Scoring. The staining of the cytoplasm and the cell membranes

were separately analysed. Tumours in which 100% (median) of the

cancer cell membranes stained were considered as normal, whereas

those with reduced staining (<100%) were considered abnormal.

The intensity of membranous staining for each catenin was graded

as weak, medium or strong, respectively. Weak staining was defined

as a clear but weak expression of the analysed catenin and staining

was classified as strong when it was similar to that found in control

sections or in normal renal tissue (when present in the section).

Medium intensity was between these two extremes. Cytoplasmic

catenin expression was classified as low (expression in less than

30% of cells), intermediate (expression in 30%-90% of cells) and

high (expression in more than 90% of cells). Nuclear ‚- and Á-

catenin were recorded as positive or negative. In positive samples,

nuclear staining was present in more than 10% of tumour cells. All

slides were evaluated by three observers (VK, PL and JL) who

were unaware of the clinical and histopathological data.
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Table I. The clinical and histological data of the patients. 

Number (%)

Male/female ratio 68 (55) / 56 (45)

Age, mean (SD), range, years 65 (11), 33-89

Tumour size

< 70 mm 78 (63)

> 70 mm 46 (37)

Tumour type 

Clear cell 101 (82)

Other 23 (18)

WHO grade 

I 39 (31)

II 67 (55)

III 18 (15)

Nuclear grade

Fuhrman I 28 (23)

Fuhrman II 48 (39)

Fuhrman III 31 (25)

Fuhrman IV 17 (14)

Capsule invasion 

Yes 35 (28)

No 89 (72)

Renal vein thrombosis

Yes 16 (13)

No 108 (87)

Recurrence

Yes 35 (28)

No 89 (72)

Metastatic disease

No 105 (85)

Àes 19 (16)



Disagreement in the assessment of staining was found in less than

10% of the slides examined. These samples were re-evaluated by

two observers (PL and JL) and the final staining pattern was

settled. Necrotic tumour areas were ignored.

Statistical analysis. SPSS for Windows was used in statistical

analyses. The association between catenin staining patterns and

clinicopathological variables was analysed by the X2-test. The

recurrence-free survival analysis was done according to the life table

method and the independent prognostic value of the variables was

tested by the Cox’s multivariate analysis. When the recurrence-free

survival was tested, only M0 tumours were included in the analysis.

Ethics. The research plan was approved by the research ethical

committee of Kuopio University and Kuopio University Hospital,

Finland. 

Results

Tables I and II summarize the clinical and histological data

of the patients. The mean (SD) age of the patients at the

time of diagnosis was 65 (11.4) years. The median clinical

follow-up time was 3.5 (range, 1-6) years. 

The expression of catenins was cytoplasmic as well as

membranous (Figures 1 and 2) . The expression of Á- and ‚-

catenins was also found in some cancer cell nuclei (Figure 3).

The staining indices for various catenins are shown in Table III.

The expression intensity of ·-catenin on cell membranes

was not related to the histopathological features of the

tumour. The low fraction of ·-catenin-positive cells

(cytoplasm) was related to lymphatic tumour growth

(p=0.02) and tumour necrosis (p=0.02). The weak
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Table II. Histological features of the tumours.

Venous invasion inside the tumour

Yes 18 (15)

No 106 (85)

Lymphatic invasion 

Yes 6 (5)

No 118 (95)

Perineural invasion

Yes 2 (2)

No 122 (98)

Number of inflammatory 

cells in tumour stroma

None 59 (48)

Few 42 (34)

Average 20 (16)

Plenty 3 (2)

Number of lymphatic cells in tumour

stroma

None 31 (25)

Few 55 (44)

Average 33 (27)

Plenty 4 (3)

ªissing 1

Figure 1. Cytoplasmic and membranous expression of ‚-catenin in renal
cell carcinoma. (magnification 200x).

Figure 2. Abnormal expression of ‚-catenin in renal cell carcinoma.
(magnification 200x).

Figure 3. Nuclear expression of Á-catenin in renal cell carcinoma.
(magnification 400x).



expression intensity of ‚-catenin on cell membranes was

related to venous growth inside the tumour (p=0.02),

extratumoral venous growth (p=0.029) and to perineural

tumour growth (p<0.001). The low fraction of ‚-catenin-

positive cells (cytoplasm) predicted venous growth inside

the tumour (p=0.07) and perineural growth (p=0.07) with a

borderline significance. The low fraction of Á-catenin-

positive cells (cytoplasm) was related to tumour necrosis

(p=0.04). None of the catenin indices were related to

histological type, WHO grade, Fuhrman classification,

capsular invasion, tumour size or to the density of

inflammatory cell infiltration of the tumour.

Nuclear Á-catenin expression showed a strong association

with clear cell type (p=0.0001), high WHO grade (p=0.038)

and high nuclear grade (Fuhrman) (p=0.054).

Abnormal expression intensity of ·-catenin on cell

membranes predicted early recurrence (XÇ=5.8, p=0.015,

Figure 4), while a low fraction of ·-catenin-positive cells

(cytoplasm) was related to early recurrence with a

borderline significance (p=0.07). Weak expression intensity

of ‚-catenin on cell membranes was strongly related to

increased risk of tumour recurrence (XÇ=10.1, p=0.006),

while a low fraction of ‚-catenin-positive cells (cytoplasm)

was a weaker indicator of tumour recurrence (XÇ=3.9,

p=0.045). The nuclear expression had no prognostic value.

The expression of Á-catenin had no prognostic value in

terms of recurrence-free survival. The prognostic value of

standard predictors is shown in Table IV. The Fuhrman

classification (XÇ=9.6, p=0.02), perineural growth (XÇ=6.1,

p=0.013), venous invasion inside the tumour (XÇ=9.1,

p=0.0024), venous invasion (XÇ=14.9, p=0.0001, Fig. 5), the

density of tumour infiltrating lymphocytes (XÇ=7.9,

p=0.047) and tumour necrosis (XÇ=7.3, p=0.06) predicted
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Table III. The expression of ·-, ‚- and Á-catenins in RCC.

·-catenin ‚-catenin Á-catenin

Number (%) Number (%) Number (%)

Membranous expression

< 100% 88 (71) 52 (42) 69 (55)

100% 35 (29) 72 (58) 55 (44)

Intensity of membranous 

expression

weak 3 (3) 1 (1) 7 (6)

medium 75 (60) 83 (67) 88 (71)

strong 46 (37) 40 (32) 29 (23)

Cytoplasmic expression

<100% 70 (56) 55 (44) 43 (35)

100% 54 (44) 69 (56) 81 (65) 

Nuclear staining 

No 124 (100) 107 (86) 74 (60)

Yes 17 (14) 50 (40)

Figure 4. The abnormal expression intensity of ·-catenin on cell
membranes predicted early recurrence (X2=5.8, p=0.015). Curve A strong
expression (N=35), Curve B moderate expression (N=62).

Table IV. The recurrence-free survival categorised according to standard
prognostic factors.

Variable Number RFS at 5 years (%) p-value*

Tumour size

< 70mm 71 88 0.0048

> 70mm  34 67

Venous invasion 

no 92 87 0.0001

yes 13 42

T-classification

T1 42 90 0.0001

T2 23 90

T3 33 75

T4 7 25

WHO grade

I 35 92 0.026

II 59 80

III 11 55

* Chi-square test



tumour recurrence. Lymphatic invasion or capsular invasion

did not predict tumour recurrence. The independent

predictors of recurrence-free survival are shown in Table V.

Discussion

During the past few years, the significance and expression

of cadherins and catenins and their quantitative and

qualitative changes have been shown to be linked to

dedifferentiation and prognosis in many human tumours

including urological cancers (15-18). The results in renal cell

carcinoma are mainly based on small cohorts with a short

follow-up. The present study analysed the prognostic value

of catenins in a prospective manner in RCC. We show here

that the expression of ·-catenin was reduced in 88 (72%)

tumours, ‚-catenin in 52 (42%) tumours and Á-catenin in 43

(35%) tumours, respectively. In recently published articles,

aberrant expression of ‚-catenin has been observed in 25-

35% of cases in RCC (19, 20). Our higher figures of

abnormal catenin expression may be related to different

cancer populations and the scoring systems. In addition, the

staining procedures were not identical to the above

mentioned studies. Bilim et al. had frozen sections while

Shimazui et al. used fixed material in their stainings and,

indeed, the figures in the latter study are closer to ours. For

comparison, in pancreatic cancer the expression of ·- and

‚-catenins is reduced in about 50% of the tumours (21) and

in transitional cell cancer aberrant expression has been

reported in 83% of the cases(17).

The reports relating catenin expression to TNM

classification are variable. Breast tumours negative for

either ·- or ‚-catenin have a higher incidence of distant

metastasis than those expressing both catenins (22), while

in gastric cancer abnormal ‚-catenin expression correlates

with tumour invasion (23). High stage and large tumour size

are related to reduced ·-catenin expression in thyroid

carcinoma (24). In our series, no statistically significant

relationship between TNM classification and catenin

expression was observed, which is in line with the data from

a previous study in RCC and pancreatic cancer (20, 21).

There are conflicting reports on the relationship between

differentiation grade and catenin expression. In our series

no significant relationship was found between tumour

differentiation and catenin expression, while Endo et al. (25)

reported a positive correlation between high grade and

catenin expression in RCC. Also Bilim et al. (20) reported

that preserved catenin correlated with tumour grade. In

contrast, reduced expression of ·- and ‚- catenins correlates

with tumour dedifferentiation in pancreatic cancer (21). 

Several malignant histological features including venous

growth, lymphatic invasion and perineural growth were

significantly related to altered ·- and ‚- catenin expression.

Kuroiwa K et al. reported reduced expression of ·, ‚ and Á-

catenin in the sarcomatous component as compared to

carcinomatous component in RCC (26). A positive

correlation between reduced Á-catenin expression and

capsular invasion as well as reduced ‚-catenin expression

and vascular invasion has been reported in hepatocellular

carcinomas, which supports our observations (25). Also cell

proliferation seems to be related to the expression of the

catenins (26). The special histological features are powerful

prognostic factors in RCC (27) which may indicate that

catenins and cell adhesion play a role in this relationship.

Nuclear ‚-catenin expression was positive in 17 (14%)

tumours in our cohort. Previously, ‚-and Á-catenins have

been seen in the nucleus in certain conditions (28) and the

nuclear localisation of ‚-catenin has also been found in some
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Figure 5. Venous invasion of the tumour predicts early recurrence
(X2=14.9, p=0.0001). Curve A no invasion (N=92), Curve B yes (N=13).

Table V. The independent predictors of recurrence-free survival in Cox’s
analysis.

Variable B(SE)  RR(95%CI)  p-value

Expression int. -1.91(0.65) 0.148(0.04-0.53) 0.004

of ‚-catenin

T-classification 0.99(0.30) 2.70(1.50-4.87)  0.001

WHO grade 0.80(0.36) 2.24(1.10-4.56)  0.025



tumours (29, 30). Quite surprisingly, in our patients, nuclear

‚-catenin expression had no statistical correlation with any

of the analysed variables. Nuclear Á-catenin expression was

positive in 50 (40%) tumours and it was related to cell type

and WHO grade. The nuclear expression of ‚-catenin has

been recognized in nasopharyngeal cancer without an

association with survival (31), whereas in oro-pharyngeal and

hypopharyngeal squamous cell carcinoma a positive

association with survival has been found (12). In this cohort

nuclear expression of the catenins had no prognostic value.

The role of standard prognostic factors has been

documented in the literature and the results in this series are

in full agreement with the previous findings. Our survival

analysis showed that the reduced expression of ·- and ‚-

catenins was related to early recurrence. Particularly, the

reduced membranous expression predicted early recurrence.

Shimazui and co-workers (19) reported a significant

correlation between poor survival and decreased expression

of ·-, ‚- and Á- catenins and the Cox’s analysis of pT1-3N0M0

tumours proved that reduced ·-catenin expression correlated

with poor survival. In addition the Cox analysis of our data

showed independent prognostic value for ‚-catenin in terms

of recurrence-free survival. Bilim and co-workers (20) showed

that reduced membranous immunoreactivity of ‚-catenin

correlated with advanced stage and nodal involvement in

RCC, but their series was too small to confirm any prognostic

value. Abnormal expression of ‚-catenin predicted poor

outcome in bladder cancer (32) and Zhou et al. reported a

significant correlation between abnormal ‚-catenin

expression and positive lymph node metastasis. A survival

advantage was noticed in tumours retaining normal

membranous expression of ‚-catenin, independent of the

type, grade or stage of gastric cancer (14). In addition,

abnormal ·-catenin expression correlated with poor survival

in breast cancer, with cytoplasmic expression being of

particular prognostic significance (18). In colorectal cancer,

reduced expression of ·- or ‚-catenins indicated poor

prognosis (33). These results and our data show that the

reduced expression of ‚-catenin has a prognostic value in

several human tumours including renal cell carcinoma
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