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Abstract BMI-1 regulates cell proliferation and differenti-
ation, is involved in stem cell maintenance and can act as
an oncogene. We investigated BMI-1 expression in healthy
normal kidney and in 77 renal tumours by immunohisto-
chemistry, and correlated it with tumour differentiation.
BMI-1 could regularly be demonstrated in distal tubules
and in Bowman’s capsule, whereas it was mostly lacking
in proximal tubules, indicating that it may rather be a
differentiation marker of different renal cell populations
than a stem cell marker. In contrast to previous studies
demonstrating a correlation between BMI-1 expression and
malignancy, we showed that its expression was inversely
correlated with the differentiation grade of clear cell
carcinoma. Furthermore, despite their different biologies,
BMI-1 was strongly expressed in both papillary carcinomas
and oncocytomas. Thus, in renal clear cell carcinomas BMI-
1 is rather a differentiation marker lost in carcinomas with
high malignancy than an oncogene involved in tumour
progression.
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Introduction

Genes of the Polycomb group (PcG) regulate cell differen-
tiation and proliferation [1]. They are involved in oncogen-
esis [2, 3] and the maintenance of a variety of stem cells [4,
5]. One member of this family of genes is BMI-1, that has
been extensively studied in fly and mouse models [6], in
human development [7] and lymphoid diseases [5, 8]. In
humans, BMI-1 was initially shown to regulate haemato-
poiesis and differentiation of lymphocytes [7] and to be
involved in cerebral development [9]. The BMI-1 protein,
as well as other proteins from the PcG family, modify the
three-dimensional structure of chromatin [10, 11] and
thereby block the transcription of some genes such as
p16Ink4a and p19Arf, which are involved in tumour suppres-
sion, resulting in oncogenic effects [3]. Subsequently the
proto-oncogene BMI-1 has been shown to be upregulated in
a large number of neoplasias, namely in lymphomas [12],
cerebral tumours [9], breast cancer [13] and other epithelial
tumours [14, 15] and to be an oncogene associated with
poor prognosis in various tumours [8, 16].

The fact that renal cell tumours derive from epithelial
cells of the nephron is commonly accepted. However, exact
cell populations giving rise to the different subtypes of
renal tumours are only incompletely known: clear cell renal
cell carcinomas (CCRCC) are thought to arise from the
epithelium of the proximal renal tubules and papillary renal
cell carcinomas (PRCC) from the distal part of it, whereas
chromophobe renal cell carcinomas (CRCC) may be
derived from cells of the collecting duct, similar to
oncocytomas [17, 18].

A variety of neoplasias may be derived from stem cells
[19, 20]. Both a renal stem cell as well as a renal tumour
stem cell [21–23] have already been proposed, but their
existence has not yet been definitely confirmed. In the
present study we have examined the expression of BMI-1
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in healthy renal tissue and compared this expression with
that in oncocytomas and a variety of renal cell carcinomas.
In addition, we investigated the relationship between BMI-
1 expression and tumour grade. Since BMI-1 has already
been linked to cancer stem cell regulation [4], we also
looked for a potential renal cancer stem cell, which could
conceivably be identified by means of its BMI-1 expression.

Materials and Methods

Tissue Samples

Formalin-fixed, paraffin embedded tissue of healthy renal
tissue (n=77), CCRCC (n=40), PRCC (n=16, five type 1
and 11 type 2), CRCC (n=15) and oncocytomas (n=6)
were derived from the files of the Institute of Clinical
Pathology, Medical University of Vienna. RCC were
graded according to Fuhrman [24]. PRCC were additionally
graded considering the nucleolar grade [25]. A recent study
argued that grading CRCC would not be appropriate [26].

However, no consensus for the grading of CRCC exists and
therefore CRCC were graded like CCRCC.

Immunohistochemistry

Samples were immunostained for BMI-1 using monoclonal
antibody clone 229F6 (Upstate Biotechnology, Lake Placid,
NY). Antigen retrieval was performed by boiling sections
in a microwave oven (600 W) in 1 mM EDTA pH 8.0
buffer for 20 min. Primary antibody was applied overnight
at 1:300 dilution, followed by an APAAP kit (1:50, Dako,
Glostrup, Denmark). The enzyme reaction was developed
with an alkaline phosphatase substrate kit (Biogenex, San
Ramon, CA). Negative controls were carried out on consec-
utive tissue sections using isotype-matched control reagents
(IgG1, Coulter, Hialeah, FL and IgG1, PharMingen, San
Diego, CA, 1:250). A semi-quantitative assessment of ex-
pression was performed independently by two clinical patho-
logists: no staining = 0; weakly positive = 1; moderately
positive = 2; strongly positive = 3.

Western Blotting

Renal tubular cells HK2 and erythroleukaemia cells K562
(serving as a positive control) were grown to 80% confluence.
Cells 1×106 were scraped and lysed in 500 µl reducing
Laemmli sample buffer at 95°C for 5 min. A 5–15% gradient
SDS-PAGE was performed using the Protean II electropho-
resis system (BioRad, Richmond, CA). Proteins were
transferred onto nitrocellulose (Schleicher&Schuell BioSci-
ence, Dassel, Germany). Immunoblotting was done with a
monoclonal antibody (Upstate Biotechnology, Lake Placid,
NY) and a rabbit polyclonal antibody (IgG) raised against
BMI-1 (Santa Cruz Biotech., Santa Cruz, CA, each one
diluted 1:100), followed by alkaline phosphatase conjugated

Fig. 1 Expression pattern of BMI-1in renal parenchyma and tumours.
a BMI-1 is regularly expressed in mesangial cells and the capsule of
the glomeruli (A: Bowman’s capsule; B: podocyte) as well as b in
tubules (C: distal tubule; D: proximal tubule). Whereas low grade
clear cell carcinomas were typically distinctly positive for BMI-1 (c),
poorly differentiated carcinomas were partly negative for BMI-1 (d, E:
intratumoral lymphocytes). Papillary renal cell carcinomas (e) and
oncocytomas (f) show a high expression of BMI-1 (alkaline
phosphatase, original magnification ×400)

Fig. 2 Renal tubular cells HK2 are positive for BMI-1. Renal tubular
cells HK2 (lanes a and b) and erythroleukaemia cells K562 (lanes c
and d) express BMI-1 as assessed by Western blotting with polyclonal
(lanes a and c) and monoclonal (lanes b and d) antibodies
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anti-rabbit Fc (diluted 1:7,500; Promega, Madison, WI) as a
secondary antibody and Fast Red (ID Labs, London, ON,
Canada) as a chromogen.

Statistics

The statistical significance of inter-group differences was
evaluated by univariate analysis of variance (ANOVA) with
subsequent Tukey-tests using SPSS 10.0.7 (SPSS Inc.,
Chicago, IL). As a control, Mann–Whitney U test and
Spearman's rank correlation coefficient were performed for
additional comparison of groups.

Results

BMI-1 is Regularly Expressed in Normal Renal
Parenchyma

In normal renal tissue, BMI-1 was exclusively expressed in
the nuclei of cells (Fig. 1). We could observe a homoge-
neous and moderate nuclear staining in mesangial cells
(Fig. 1a) and a weak to moderate staining in cells of
Bowman’s capsule (Fig. 1a, A). Cells of proximal convo-
luted tubules showed a negative to weak staining (Fig. 1b,

D), cells of Henle’s loops only a focal moderate staining
(not shown), distal tubule cells a strong homogeneous
nuclear staining and cells of collecting ducts expressed
BMI-1 heterogeneously and weakly (Fig. 1b, C). Endothe-
lial cells were mostly negative for BMI-1 and vascular
smooth muscle cells showed a homogenous moderate
nuclear staining, whereas fibroblasts were variably positive.
Lymphocytes stained moderately to strongly for BMI-1 and
served as an internal positive control.

BMI-1 is Expressed in the Renal Tubular Cell Line HK2

In order to demonstrate the specificity of BMI-1 staining in
renal tubular cells by immunohistochemistry, we performed
Western blotting using the renal tubular cell line HK2. The
specificity was demonstrated with both monoclonal and
polyclonal antibodies. BMI-1 expression of HK2 cells
expression was weaker than that of our control erythroleu-
kaemia cells, but still distinct (Fig. 2).

BMI-1 Expression is Strong in PRCC and Oncocytomas
Whereas it is Heterogeneous in CCRCC and CRCC

Similar to healthy renal tissue, BMI-1 staining of tumour
cells was confined to nuclei and nucleoli generally stained
stronger than the rest of the nucleus. The expression of
BMI-1 was significantly different between all different
types of renal tumours (ANOVA, p=0.012). Variable BMI-
1 expression was found in CCRCC and in CRCC ranging
from negative (four cases of CCRCC and one case of
CRCC, score=0) to strongly positive (20 cases of CCRCC
and five cases of CRCC, score=3; Fig. 3).

For statistical analysis, Fuhrman’s grades 1 and 2 and
also grades 3 and 4 were grouped together in a low- (grade
1+2) and a high-grade group (grade 3+4). The expression
of BMI-1 was distinctly stronger in low grade (mean

Fig. 3 BMI-1 expression is differently expressed in renal tumours.
Whereas BMI-1 is distinctly expressed in low grade CCRCC, its
expression is significantly lower in high grade carcinomas (Mann–
Whitney: p=0.007). By comparison, both PRCC and oncocytomas
express BMI-1 constitutively. SE standard error of mean; open
diamond: mean value: 2.67 for low grade CCRCC, 1.19 for high
grade CCRCC, 2.81 for PRCC, 2.07 for CRCC and 3 for
oncocytomas. No staining = 0; weakly positive = 1; moderately
positive = 2; strongly positive = 3

Table 1 Statistical analysis

BMI-1 expression
(score)a

1 2 3 4

Clear cell renal cell carcinoma (n=40)b 4 6 10 20
Papillary renal cell carcinoma (n=16)c 0 0 1 15
Chromophobe renal cell carcinoma (n=15) 1 3 6 5
Oncocytoma (n=6)d 0 0 0 6

a BMI-1 expression is significantly different between various renal
tumor types (ANOVA, p=0.012).
b BMI-1 expression is significantly lower in high grade carcinomas
(Mann–Whitney: p=0.007).
c In addition, BMI-1 expression is significantly different between
CCRCC and PRCC (Tukey test, p=0.042; Mann–Whitney: p=0.012)
d In oncocytomas BMI-1 is constantly highly expressed.
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value=2.67) than in high grade (mean value=1.19) CCRCC
(Fig. 3) and this difference was significant (Mann–Whitney:
p=0.007). In addition, BMI-1 expression and Fuhrman’s
grade in CCRCC were inversely correlated (Spearman's
p<0.001).

In contrast, oncocytomas and PRCC essentially stained
strongly for BMI-1 (Table 1). Only one case of PRCC was
moderately positive. The staining of most PRCC was
homogeneous, whereas oncocytomas showed a strong but
more heterogeneous staining pattern in various tumour
regions. The constant strong staining for BMI-1 in PRCC
was remarkable in comparison with the variable staining
in CCRCC and CRCC. This difference was significant
between PRCC and CCRCC (Mann–Whitney: p=0.012,
Table 1). There was no significant difference of BMI-1 ex-
pression between type 1 and type 2 PRCC (Mann–Whitney:
p=0.74).

Discussion

The pathogenesis of renal cell tumours has only been par-
tially investigated and some authors have suggested the
existence of renal cancer stem cells [21], similar to stem
cells in leukaemia [5, 27] or solid tumours [15, 28] which
were shown to be positive for BMI-1. Although the
expression of BMI-1 in both normal renal parenchyma
and renal cell carcinomas has already been demonstrated
[29], no detailed study of the expression of this oncoprotein
in different renal tumours has been performed yet.

BMI-1 is indispensable for stem cell maintenance in a
variety of tissues. In the kidney, putative stem cells have
been identified in proximal and distal tubules [30] or in
Bowman's capsule [31], where they expressed CD133 and
other stem cell markers. In our study a moderate homoge-
nous staining for BMI-1 was observed in cells of Bowman’s
capsule, possibly indicating stem cell properties. In addition,
no or very weak expression of BMI-1 was encountered in
cells of proximal tubules, whereas distal tubules displayed a
strong homogenous expression for BMI-1. Since BMI-1 was
regularly and extensively expressed in several renal compart-
ments, our data suggest that BMI-1 may rather be a
differentiation marker of these compartments than a stem
cell marker in the kidney.

We found BMI-1 to be dissimilarly expressed in different
types of renal tumours. In contrast to other studies indicating
association of BMI-1 upregulation with malignancy of
tumours such as lymphoma, breast or prostate cancer [8,
13, 15, 16], our results show that BMI-1 expression is lost in
highly malignant CCRCC as compared to low grade
carcinomas, and its expression inversely correlated with
Fuhrman’s grading of renal cell cancer. Accordingly BMI-1
expression may be a sign of less malignant behaviour in

CCRCC. Remarkably some tumours seem to express BMI-1
regularly: oncocytomas and PRCC show a characteristically
strong expression. Since those two types of tumours exhibit
differing biological characteristics, our data suggest that
BMI-1 is rather an unspecific marker of renal tumours that is
lost in CCRCC with low differentiation than an oncogene
indicating high malignancy. Consequently, the widespread
expression of BMI-1 did not enable the identification of
putative renal cancer stem cells.

In summary, BMI-1 is distinctly expressed in mesangial
cells and cells of the distal part of the tubules as detected by
immunohistochemistry. It is also weakly and inconsistently
expressed in other renal cells. In addition, this study shows
variable expression of BMI-1 in benign and malignant
tumours of the kidney. Benign oncocytomas and PRCC
show constant strong staining for BMI-1, whereas poorly
differentiated CCRCC show loss of BMI-1 staining.
Moreover BMI-1 is inversely correlated with the grading
in this tumour type. Thus BMI-1 is rather a differentiation
marker for different cell types in renal parenchyma than a
stem cell marker in these tissues, and does not seem to
indicate a higher malignancy in CCRCC.
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