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Abstract An immunhistochemical study was conducted
to examine the expression of p53 and bcl-2 proteins in
RCC (renal cell carcinoma) with sarcomatoid change in
order to determine whether abnormalities in those pro-
teins are associated with an enhanced malignant poten-
tial of RCC. Para�n-embedded tissues from 11 patients
with RCC, in which sarcomatoid change was prominent,
were stained using anti-p53, bcl-2 and Ki-67 antibodies.
Immunoreactivities for these antibodies were compared
between the sarcomatoid components and correspond-
ing basic histologic (clear or papillary) components in
individual cases. Measurement of the mean nuclear ar-
eas of each component was also performed using an
image analyzer system. There was no substantial in-
crease in immunoreactivity for p53 or bcl-2 proteins in
sarcomatoid components as compared with basic com-
ponents. In contrast, the percentage of Ki-67-positive
cells and the mean nuclear area were sign®cantly larger
in sarcomatous components than in basic components.
The expression of p53 and bcl-2 proteins was not likely
to play a major role in the sarcomatoid change of RCC.
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Introduction

Recent cytogenetic and molecular genetic studies have
elucidated several speci®c genetic changes that are as-
sociated with the development of renal cell carcinomas
(RCC) [10, 12]. However, relatively little is known of the
mechanisms which induce the progression of disease in
patients with RCC. In a previous study on the tumor-
size-related histologic change of RCC, we demonstrated

that the presence of sarcomatoid histology was strongly
correlated with tumor growth as well as with a poor
prognosis for the patients [8]. We therefore hypothesized
that as the tumor grows larger, more genetic changes
occur which result in the development of invasive his-
tologic phenotypes such as sarcomatoid histology. The
present study was conducted to examine the expression
of p53 and bcl-2 proteins in sarcomatoid RCC in order
to determine whether abnormalities in these proteins,
which are considered to regulate cell cycle or apoptosis
of cells, are associated with the sarcomatoid change of
RCC.

Materials and methods

Patients and tumor samples

Tumor specimens of 85 RCC cases, which were obtained by ne-
phrectomy at Fukui Medical University Hospital from 1985 to
1995, were histologically examined for the presence of a sarcoma-
toid component, and 11 tumor samples in which sarcomatoid
change was prominent were selected for the following immuno-
histochemical and morphometric studies.

Immunohistochemistry

The following three primary antibodies were used in this study:
anti-p53 antibody (DO-1, 1:60, Calbiochem, Cambridge, UK),
anti-bcl-2 antibody (clone 100/D5, 1:50, Novocastra Laboratories,
New Castle, UK) and anti-Ki-67 antibody (MIB-1, 1:60, Immuno-
tech, Marseille, France). The para�n-embedded tissue sections, in
which the co-existence of sarcomatoid and basic (clear cell or
papillary) components had been microscopically con®rmed by he-
matoxylin-eosin staining, were subjected to immunostaining using
a streptavidin-peroxidase method (Dako-LSAB kit, Dako, Carp-
interia, USA). Endogenous peroxidase activity was blocked with
0.3% hydrogen peroxide in methanol. Antigen retrieval procedure
was done by heating the sections in citrate bu�er (pH 6.0) in an
autoclave at 120°C for 20 min. After cooling to room temperature,
all the sections were routinely rinsed in 2% milk solution for
20 min followed by blocking agent (Dako-LSAB kit) for 15 min. at
37°C. The sections were then incubated with the primary antibodies
at 4°C overnight, followed by a second biotinylated antibody and
the ABC complex (Dako-LSAB kit) for 40 min. Careful rinses were
done with several changes of PBS (pH 7.6) between each step of the
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procedure in all immunostaining. The color was developed with
3¢3-diaminobenzidine tetrahydrochloride (DAB) as chromogen;
after that, the sections were lightly counterstained with hemato-
xylin. Negative controls were carried out by replacing the primary
antibody with nonimmune immunoglobulins. Bladder cancer
specimens known for p53 or bcl-2 imunoreactivities were used as
positive controls. The immunoreactivities for p53, bcl-2 and Ki-67
proteins were microscopically evaluated, and the number of stained
cells were scored and given as a percentage of all cells counted.

Nuclear morphometry

The morphometric analysis with an image analyzer system was
performed as described by Tosi et al. [21]. The microscopic images
of the hematoxylin-eosin stained tumor lesions were transported to
a video screen through a video camera (ICD-740, Olympus, Japan)
attached to the microscope. The boundaries of the nuclei were
outlined, and the mean nuclear areas of basic and sarcomatoid
components were automatically calculated using the Mac SCOPE
computer software (Mitani Corporation, Japan).

Statistical analysis

The average values of the percentage of positive cells and the mean
nuclear area were compared between sarcomatoid components and
corresponding basic components by Student's paired t-test.

Results

Demographics and clinical outcome of the patients

The clinicopathological characteristics and outcomes of
the 11 patients are summarized in Table 1. Nine of the
11 patients died of disease progression, while the other
two were alive with metastatic disease at the time of
investigation.

Expression of p53 protein

Positive p53 stainings of basic histologic components
and sarcomatoid components were observed in 2 (18%)
and 3 (27%) out of 11 RCC patients, respectively
(Table 2). However, the percentage of tumor cells ex-
pressing p53 protein was generally small (less than 10%)
in both components, except for one case in which more
than 20% of cells in the sarcomatoid component were
positive for p53 (Fig. 1). As a whole, there was no sig-

ni®cant increase in the percentage of p53-positive cells in
sarcomatoid components when compared with corre-
sponding basic components (2.2 � 6.3% and 0.2 �
0.4%, respectively).

Expression of bcl-2 protein

Positive bcl-2 stainings of basic and sarcomatoid com-
ponents were observed in two (18%) and one (9%)
cases, respectively (Table 2, Fig. 2). There was no sig-
ni®cant increase in the percentage of bcl-2-positive cells
in sarcomatoid components when compared with cor-
responding basic components (0.3 � 1.1% and 1.6 �
3.6%, respectively).

Expression of Ki-67 antigen

The percentage of Ki-67-positive cells in sarcomatoid
components was higher than that in basic components in

Table 1 Clinicopathological
features and outcomes of the
patients with sarcomatoid RCC

Patient Age Gender Stage Basic histologic
component

Outcome
(months after surgery)

1 61 M T2N0M0 Clear cell Alive with metastasis (32)
2 75 M T3N0M1 Clear cell Alive with metastasis (24)
3 79 F T3N1M1 Clear cell Cancer death (6)
4 71 M T3N0M1 Clear cell Cancer death (19)
5 70 F T3N2M0 Clear cell Cancer death (22)
6 38 F T4N0M1 Clear cell Cancer death (1)
7 70 M T3N0M0 Clear cell Cancer death (12)
8 68 F T4N0M0 Papillary Cancer death (6)
9 45 M T3N0M1 Papillary Cancer death (21)
10 66 F T3N0M0 Papillary Cancer death (17)
11 65 M T3N0M1 Papillary Cancer death (36)

Table 2 Results of immunohistochemistry for p53 and bcl-2

Patient Histologic
component

% positive cells

p53 bcl-2

1 Clear cell 0 0
sarcomatoid 0 0

2 Clear cell 0 0
sarcomatoid 0 0

3 Clear cell 0 0
sarcomatoid 0 0

4 Clear cell 0 0
sarcomatoid 0 0

5 Clear cell 0 0
sarcomatoid 0 0

6 Clear cell 0 0
sarcomatoid 2.1 0

7 Clear cell 0 0
sarcomatoid 0 0

8 Papillary 0.7 0
sarcomatoid 21.2 0

9 Papillary 0 8.6
sarcomatoid 0 0

10 Papillary 1.1 0
sarcomatoid 1.2 0

11 Papillary 0 9.3
sarcomatoid 0 3.7
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all the cases, and the di�erence was statistically signi®-
cant (P � 0.0003) (Figs. 3, 4).

Nuclear morphometry

The mean nuclear area of the sarcomatoid component
was larger than the corresponding basic component in
all the cases (Fig. 5). The average value of the mean

Fig. 1 Immunoreactivities for p53 protein. In patient 8, the staining
was (a) almost negative in the papillary component and (b) positive in
the sarcomatoid component

Fig. 2 Immunoreactivities for bcl-2 protein. In patient 9, the staining
was (a) positive in a small percentage of cells of the papillary
component and (b) negative in the sarcomatoid component

Fig. 3 Immunoreactivities for Ki-67 protein. In patient 5, a larger
number of cells were stained in the sarcomatoid component (b) than in
the clear cell component (a)
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nuclear areas for the sarcomatoid components was sig-
ni®cantly larger than that for the basic components,
(P < 0.0001).

Discussion

It has been well recognized that sarcomatoid renal car-
cinoma is a highly malignant tumor with an extremely
poor prognosis [17]. There is now a consensus that sar-
comatoid histology is not a distinct histologic type, but a
manifestation of high grade carcinoma which can arise
in all types of RCC [18]. It seems, therefore, to be very
important to search for genetic alterations associated
with the sarcomatoid change in order to clarify the
mechanisms of disease progression in RCC.

As far as the authors are aware, there have been only
a few studies focusing on the genetic changes related to
sarcomatoid histology of RCC. Oda et al. [15] reported
that a high mutation rate for the p53 gene (11/14, 79%)
was observed in sarcomatoid portion as compared with
a low mutation rate (2/14,14%) in carcinomatous port-

ions of the same tumors. In a case report of sarcomatoid
RCC, Dijkhuizen et al. [4] performed cytogenetic and
molecular genetic studies using tumor tissue, and found
a p53 gene mutation. On the other hand, Contractor
et al. [3] could not ®nd any p53 mutations in all ®ve
sarcomatoid RCC examined.

P53 is known as a tumor-supressor gene, and a mu-
tation of the p53 gene has been considered to play a
major role in many kind of cancers [6]. However, the
overall mutation rates for the p53 gene in RCC have
been reported to be generally low [2, 9, 19, 20], and the
role of p53 gene alteration in sarcomatoid RCC remains
unclear. In the present study, we therefore evaluated the
role of p53 and another apotosis-related protein, bcl-2,
in relation to the sarcomatoid change of RCC using an
immunohistochemical approach. Tumor specimens from
11 patients, in which sarcomatoid change was promi-
nent, were selected for the present study. The poor
clinical outcomes of all the cases suggested that the
tumors used in the present analysis were of a highly
malignant character.

Our immunohistochemical study for p53 and bcl-2
proteins demonstrated that the percentage of positively
stained cases as well the percentage of positive cells
in individual cases were not substantially increased in
sarcomatoid components as compared with the basic
components. On the other hand, an analysis using a
proliferation marker (Ki-67) and a morphometric pa-
rameter (mean nuclear area), both of which have been
recognized to be reliable prognostic factors in RCC [5],
showed a higher proliferative index and an increased
nuclear area of sarcomatoid components than basic
components, indicating an increase in invasive nature
associated with sarcomatoid change.

These results are in contrast to the previous report by
Oda et al. [15], in which the immunoreactivity for p53
protein using DO-7 antibody was higher in sarcomatoid
compornents than in carcinomatous components. One
possible explanation for the di�ering results is that DO-1
antibody, which we used, could not detect an overex-
pression of p53 e�ectively in RCC. However, such an
explanation seems rather unlikely, since DO-1 as well as
DO-7 have been widely used to recognize both wild-type
and mutant p53 proteins [23]. Furthermore, a high rate
of positive staining by DO-1 antibody could be obtained
when we performed the same immunohistochemical
procedure to detect p53 overexpression in bladder can-
cers, in which p53 mutation has been reported to occur
frequently [13]. Further studies using a larger number
of sarcomatoid RCC cases are required to clarify the
discrepancy between the two studies.

According to the previous immunohistochemical
studies on RCC not speci®ed for sarcomatoid histology,
the overall positive-staining rate for p53 protein varied
widely from 3% to 51% [1, 2, 7, 11, 14, 16, 20, 22], and
that for bcl-2 protein varied from 6% to 68% [7, 14, 16,
20], although the criteria of positivity and antibodies
used were not consistent among these studies. There is
also no agreement on the clinical usefulness of the two

Fig. 4 The percentage of Ki-67-positive cells in the sarcomatoid
components was signi®cantly higher than in basic components

Fig. 5 The mean nuclear area of the sarcomatoid components was
signi®cantly larger than the basic components
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apotosis-related markers as a prognostic indicator of
RCC [1, 5, 7, 11, 14]. However, when looking at the
present results, that no substantial overexpression of p53
and bcl-2 proteins was detected in either sarcomatoid or
basic components of selected RCC cases with poor
prognosis, the immunoreactivity for p53 and bcl-2 pro-
teins seems not to be a good prognostic indicator of
RCC.

In conclusion, the present study demonstrated that
although the sarcomatoid histology had a higher pro-
liferative index and larger mean nuclear area, the over-
expression of p53 and bcl-2 proteins was not related to
the sarcomatoid change of RCC, suggesting the possi-
bility that other mechanisms with unknown genetic
alterations might be responsible for it.
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