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A b s t r a c t  p53 tumour suppressor gene expression was 
estimated immunohistochemically using DO-1 monoclo- 
nal antibody (recognising both wild-type and mutant p53) 
in 88 human renal tumours. Single strand conformation 
polymovphism (SSCP) analysis of possible mutations 
within exons 4-8 of the p53 gene was performed in 29 of 
the tumours (mostly immunostaining-positive cases). Ob- 
viously elevated p53 content was detected with DO-1 an- 
tibody in chromophobic cell carcinomas and most 
clear/chromophilic cell tumours (in chromophilic cell 
populations). In contrast, clear cell carcinomas demon- 
strated either complete absence of p53 expression or the 
presence of single immunopositive nuclei. Oncocytomas 
were completely negative. Additional immunostaining of 
the positive samples with mutant p53-specific Pab240 
monoclonal antibody failed to detect immunopositive ma- 
terial. No p53 mutation was found in any of the samples 
analysed by SSCR Our results suggest that the elevated 
p53 content in human renal cell carcinomas does not re- 
sult from gene mutation and that p53 gene alterations are 
probably not an important mechanism in the development 
of human renal cell carcinomas. Accumulation of the 
wild-type p53 protein may be a useful prognostic marker 
indicating neoplastic progression and malignancy. 
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Introduction 

Renal cell carcinomas (RCCs) are the most frequent ma- 
lignant tumours of the human kidney. Studies on the 
pathobiology of renal carcinogenesis in animal models 
have revealed that this process is much more diverse than 
was anticipated some years ago [4]. In addition to the 
proximal nephron, the collecting duct system has been 
established as a frequent site of origin of renal cell tu- 
mours in both laboratory animals and humans [4, 43]. In 
accordance with the changing concept of the histogene- 
sis of renal cell turnouts, several entities demonstrating 
characteristic differences in cellular phenotype have been 
distinguished. This has prompted Thoenes et al. [45] to 
propose a new classification of human renal cell tu- 
rnouts, which is based mainly on cytological criteria and 
distinguishes the following types: (i) clear cell carcino- 
ma; (ii) chromophilic cell carcinoma; (iii) chromophobic 
cell carcinoma; (iv) oncocytoma; (v) Bellini duct carci- 
noma. Although this classification is demonstrably of 
clinical relevance, precise evaluation of the prognosis for 
RCC of different cytological types remains complicated, 
and there is an active search for additional diagnostic ap- 
proaches, such as use of various immunohistochemical, 
cytogenetic and molecular markers [19, 21, 25, 34, 36, 
42, 47, 49]. 

It is generally accepted that alterations of the structure 
and/or expression of the p53 turnout suppressor gene are 
closely related to the process of turnout growth. The 
gene is believed to play an important role in the control 
of cell proliferation, so that loss of its normal function 
may lead to uncontrolled cell proliferation such as is 
characteristic for neoplastic progression [9, 24, 32, 50]. 
Numerous reports describe p53 mutations in diverse hu- 
man turnouts (see [16] for review). The mutant forms of 
p53 protein are known to be significantly more stable 
than wild-type protein molecules and this property of the 
protein offers an excellent opportunity to use its immu- 
nohistochemical detection as a diagnostic test. Expres- 
sion of p53 has been studied immunohistochemically in 
a number of neoplasms [6, 17, 27, 39, 46, 48] where a 
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good  correlation between p53 protein expression and tu- 
mour  stage has been shown. These reports comprise  ob- 
servations obtained in colorectal,  head and neck, lung, 
urinary bladder, gastric, oesophageal  and ovarian cancers 
[18, 26, 35, 41, 48, 52]. 

We investigated both p53 protein expression and mu-  
tations o f  the corresponding gene in a collection of  hu- 
man kidney tumours (predominant ly RCC),  searching for 
possible correlations of  immunohis tochemica l  and mo-  
lecular changes with cell type and other pa thomorpho-  
logical variables in the tumours.  This approach seemed 
to be attractive in terms of  developing new diagnostic 
and prognost ic  criteria for this complex  type of  malig- 
nancy. Moreover,  we expected to obtain valuable new in- 
formation on the role of  p53 in human renal cell tumour  
development.  

Both  wild-type and mutant  p53 proteins have been de- 
monstrated on paraffin sections and in positive cases im- 
munosta ining was repeated using frozen material. Paral- 
lel f rozen sections were immunosta ined  with an additio- 
nal ant ibody recognis ing mutant  p53 exclusively. Select- 
ed tumour  areas (usually demonstrat ing elevated content 
o f  p53 protein) were dissected f rom serial tissue sections 
and subjected to single strand conformat ion  polymor-  
phism (SSCP) analysis to reveal possible p53 mutations. 
This combined  approach provided a comprehensive  esti- 
mate  o f  correlations o f  tumour  histopathology, p53 pro- 
tein content, and corresponding gene alterations. 

Materials and methods 

The slides were evaluated by two independent observers for 
the presence and proportion of positively stained cells, p53 stain- 
ing was scored as: 1 (-) negative; 2 (+) weakly positive (presence 
of single positive cells); 3 (++) positive (numerous positive cells 
and occasional positive cell clusters); 4 (+++) strongly positive 
(multiple clusters of strongly positive cells). 

Twenty-nine tumours were analysed for the presence of p53 
mutations. For this purpose, serial cryostat sections were prepared 
from each specimen. Some of these sections were mounted on di- 
alysis membranes. For the identification of tumour tissue HE 
staining, PAS reaction, and immunostaining with the DO-1 anti- 
body were employed. Selected areas of tumour tissue (usually 
demonstrating elevated p53 expression level) were dissected from 
the sections with a scalpel blade together with supporting dialysis 
membrane. PCR amplification of exons 4-8 of the p53 gene was 
performed as described earlier [22]. The following amplification 
primers were used: 

Exon 4 HD 1: 5" - AAG CAA TGG ATG ATT TGA TGC TG - 3" 
HD 11: 5" - TGG TAG GTT TTC TGG GAA GGG AC - 3" 

Exon 5 HAl: 5" - CCT CTT CCT GCA GTA CTC CCC TG - 3" 
HC 11: 5" - AAG ATG CTG AGG AGG GGC GAG AC - 3" 

Exon 6 HEI: 5" - ACC ATG AGC GCT GCT CAG ATA GC - 3" 
HE 11: 5" - AGT TGC AAA CCA GAC CTC AGG CG - 3" 

Exon 7 HB 1: 5" - GTT GGC TCT GAC TGT ACC ACC AT - 3" 
HB 11: 5" - GCT CCT GAC CTG GAG TCT - 3" 

Exon 8 HA2: 5" - CTA TCC TGA GTA GTG GTA ATC TA - 3" 
HAll :  5" - GCT TGC TTA CCT CGC TTA GTG CT - 3" 

PCR products were subjected to SSCP analysis [331 according to a 
previously published procedure [22]. In some cases of p53 exon 7 
analysis (questionable SSCP results), initial PCR products were 
sequenced following purification with QIAquickSpin purification 
columns (Quiagen, Chatsworth, Calif.). Samples were sequenced 
in both directions using 5"32p-labelled HB 1 and HB 11 as sequenc- 
ing primers. DNA sequencing was performed with TAQuence cy- 
cle-sequencing kit (US Biochemicals, Cleveland, Ohio). 

Eighty-eight kidney tumour specimens obtained from patients un- 
dergoing unilateral nephrectomy (at the Department of Urology, 
Surgical Centre University of Heidelberg) were used for the analy- 
sis. All the tissue samples were either immediately fixed with Car- 
noy mixture (and eventually embedded in paraffin) or frozen in 
isopentane at -150 ° C and stored at -80 ° C. Serial sections were 
prepared from each tissue block. Haematoxylin and eosin (HE) 
staining and periodic acid-Schiff (PAS) reaction were employed 
for diagnostic histopathology. During histopathological analysis of 
HE-stained sections nuclear grade was assigned according to the 
least differentiated area of turnout using existing criteria [ 12, 14]. 

Immunohistochemical detection of p53 protein was carried out 
using two anti-p53 antibodies: DO-1 (Dianova, Germany) recog- 
nising both mutant and wild types of the protein; and Pab 240 (Di- 
anova), which is designed to detect only mutant forms of the p53 
[13] and can be used only with frozen material. 

Paraffin sections were deparaffinized and heated in the micro- 
wave oven as previously described [40]. After washing in 0.15 M 
TBS the sections were preincubated with normal goat serum for 
30 rain at room temperature, then incubated with primary antibody 
DO-1 (dilution 1:200) for 18 h at 4 ° C. Secondary biotinylated 
goat anti-mouse IgG antibody (Bio SPA; dilution 1:200) was ap- 
plied for 30 rain at room temperature, followed by incubation with 
streptavidin-biotinylated alkaline phosphatase complex (dilution 
1:200, BioSPA). Fast Red was used as the final chromogen, and 
sections were counterstained with Mayer's haemalaum. 

Frozen sections were fixed in 7% formalin for 10 min at room 
temperature and further subjected to the treatment described 
above. Avidin-biotin blocking was used prior to application of the 
secondary antibody. 

Human hepatocellular turnout samples previously shown to 
bear p53 mutations [22] were used as positive controls. Additional 
control reactions were performed in the absence of the anti-p53 
antibodies. 

Results 

Initially all 88 renal tumours studied were subdivided 
his topathological ly according to the prevailing cell type. 
A m o n g  85 renal cell tumours there were 33 clear RCCs, 
47 clear/chromophil ic  RCCs,  2 chromophobic  RCCs,  
and 3 oncocytomas.  Three non-epithelial tumours com- 
prised one spindle-cell sarcoma and two fibrosarcomas. 
The results of  both immunohis tochemica l  and molecular  
analyses are summarised in Table 1. 

In general, immunosta ining of  paraffin sections with 
DO-1 antibody showed a positive reaction most ly  in the 
nuclei, but sometimes minor  cytoplasmic staining was 
detected. In mitotic turnout cells, reactions were usually 
weaker  than in interphase nuclei. 

There was an evident difference in the immunoreac-  
tivity between different types of  RCC. Clear cell carcino- 
mas are predominant ly  composed  of  clear cells, but often 
contain a variable proport ion of  more  acidophilic (granu- 
lar) cells. The nuclear grade o f  the tumours was 1-2.  As 
a rule, the PAS reaction demonstrated the presence o f  
significant amounts  o f  g lycogen  in the turnout cells, p53 
expression was not detectable in most  o f  these cases. In 
only in 7 cases were scattered single cells showing posi- 
tive immunosta in ing seen (Fig. la). 

Clear/chromophil ic  cell carcinomas consisted of  clear 
and acidophilic (granular) cells with nuclear grade 2-3 .  



Table 1 Results of immuno- 
histochemical detection of p53 
protein and single-strand con- 
formation polymorphism 
(SSCP) mutation analysis of 
the corresponding gene in hu- 
man renal tumours (RCC renal 
cell carcinoma) 

Tumour type 

Clear-cell 33 
RCC 
Clear/chromophilic 47 
RCC 

Chromophobic 2 
RCC 

Oncocytoma 3 
Fibrosarcoma 2 

Spindle-cell sarcoma 1 

Number 
of tumours 

Nuclear 
grade 

p53-immunostaining-positive 
tumours and distribution 
of cases according to 
the positive reaction intensity 
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p53 mutation 
analysis 
(SSCP- 
positive/tested) 

1-2 7 (21%) 0/3 
7+ 

2-3 34 (72%) 0/24 
12+ 
16++ 
6+++ 

2--4 2 (100%) - 
1 + +  

1 + + +  

1 - 2  0 - 

2 2 (100%) 0/2 
2+++ 

1 0 - 

Sometimes cells with slight basophilia were observed. 
The cytoplasm of acidophilic and basophilic cells was 
usually poor in glycogen, p53 immunoreactivity was 
found in 34 of 47 clear/chromophilic cell tumours. It 
must be emphasised that p53-positive nuclei were ob- 
served predominantly in acidophilic areas or in those 
composed of intermediate cells (Fig. lb). The number of 
positive cells and the staining intensity varied dramati- 
cally, both between carcinomas and within individual tu- 
mours. This heterogeneity meant it was difficult to com- 
pare expression levels of p53 in different tumours. There 
was no clear correlation between nuclear grade and im- 
munoreactivity. Moreover, it is noteworthy that as a rule 
clusters of p53-positive cells gave the impression of a 
kind of clonality. 

Chromophobic cell tumours are a relatively rare, but 
distinct subtype of human RCCs. These tumours are 
composed of cells with a finely reticular and light cyto- 
plasm (the glycogen content is low, as demonstrated by 
the PAS reaction, but there is strong binding of colloidal 
iron, suggesting an accumulation of glycosaminogly- 
cans). Only two tumours of this type were analysed, and 
both of them displayed strongly positive immunostaining 
for p53 (Fig. lc). 

Oncocytomas are composed of large cells with a fine- 
ly granular and strongly acidophilic cytoplasm. We 
failed to detect any expression of p53 in three immuno- 
stained oncocytomas. 

The three non-epithelial tumours examined in this 
study comprised one spindle-cell sarcoma (p53-negative) 
and two fibrosarcomas (strongly positive for p53 immu- 
nostaining). 

In most cases, immunostained sections contained nor- 
mal kidney tissue adjacent to the tumours. These areas 
were always negative except in a few cases of clear/chro- 
mophilic and chromophobic cell tumours. In the latter 
cases single positive cells were seen in tubular epitheli- 
um. 

As described in the previous section, two different an- 
tibodies were used in attempts to detect p53 protein im- 
munohistochemically. Immunostaining with DO-1 anti- 

body recognising both wild-type and mutant p53 protein 
was initially performed on paraffin sections and regarded 
as successful. To confirm these results (described above; 
see also Table 1), all positive cases were reanalysed us- 
ing frozen material with both DO-1 antibody and Pab- 
240 antibody recognising a common conformational epi- 
tope of mutant forms of p53 protein resulting from dif- 
ferent p53 gene mutations [13]. While all the tumours 
used in these additional test were positive with DO-l,  we 
failed to obtain even a single positive result with Pab-240 
antibody. 

After completion of the immunohistochemical part of 
the study, 29 tumour samples were selected for analysis 
of possible p53 gene alterations. Most of the samples 
tested were shown to be obviously positive for p53 im- 
munostaining. SSCP analysis of the amplified fragment 
of p53 gene corresponding to exons 4, 5, 6, 7, and 8 was 
carefully performed. An SSCP banding pattern typical 
for this study is presented in Fig. 2. All the samples gave 
negative SSCP results during analysis of exons 4, 5, 6, 
and 8. Initial analysis of exon 7 revealed several samples 
with slight mobility shifts (data not shown), but repeated 
SSCP procedure followed by double-sided sequencing 
allowed us to confirm the absence of any detectable 
amounts of mutant p53 in these cases. 

Discussion 

The development of renal cell tumours is associated with 
characteristic phenotypic cellular changes. At the same 
time, some cytogenetic and molecular genetic alterations 
are typical of these neoplasms. Reports of a high propor- 
tion of 3p deletions in both early and advanced renal cell 
tumours [3, 20, 53] have led to the suggestion that the 
loss of a tumour suppressor gene located on chromosome 
3p may be an early (initiating) event in the history of 
these tumours. Several other chromosomal abnormalities 
are described [36, 49], but observations of loss of hetero- 
zygosity on chromosome 17p [29, 30, 37] are of particu- 
lar interest, since p53 tumour suppressor gene is local- 
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Fig. la -e  Immunostaining 
for p53 with DO-1 antibody: 
a clear cell carcinoma, x310; 
b chromophilic cell carcinoma, 
x310; c chromophobic cell 
carcinoma, x310. Arrows, 
p53-positive nuclei 
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Fig. 2 A typical negative result of the single-strand conformation 
polymorphism (SSCP) analysis (p53 exon 5). A DNA sample from 
human hepatocellular carcinoma bearing A to G transition at the 
second position of codon 163 was used as a positive control. The 
sample was generously provided by Dr. S. Kress 

ised on the 17p. It seemed to be logical to imply that p53 
alterations may be of importance for RCC progression, 
and several groups of investigators have addressed this 
problem. Suzuki et al. [44] reported that evaluation of 
RCC samples using the PCR-SSCP strategy allowed de- 
tection of only one point mutation of p53 in 23 RCCs. 
Similar results (2 mutation-positive of 118 tested RCCs) 
have been obtained recently by another group [19]. How- 
ever, Reiter et al. [37] observed a high proportion (33%) 
of cases positive for p53 mutation when analysing cell 
lines produced from RCCs; however, it may be argued 
that in this case clones of cells possessing p53 mutations 
developed only under cell culture conditions, as was 
demonstrated in cell lines established from mouse liver 
tumours [231. 

The present study has combined cellular phenotyping 
and immunohistochemical detection of p53 gene product 
with the analysis of mutations in the highly conserved 
region of the gene. The results show that an elevated 
content of p53 is quite frequent in human RCCs, espe- 
cially in components of clear/chromophilic RCCs and in 
chromophobic cell tumours. It is important to stress that 
there was a clear positive correlation between accumula- 
tion of p53 protein and the histopathological patterns re- 
flecting relative aggressivity of the tumours [1, 4, 5, 43]. 
Prognostically favourable oncocytomas and clear cell tu- 
mours were mostly p53-negative, whereas more aggres- 
sive clear/chromophilic and chromphobic cell tumours 
frequently displayed p53 immunoreactivity. Further- 
more, within tumours containing areas of clear and chro- 
mophilic cells only chromophilic (acidophilic or granu- 
lar) areas shown to be more advanced towards malignan- 
cy [1, 5, 8, 43] displayed p53-positive immunostaining. 
These clear-cut findings allow us to exclude any possi- 
bility of false-positive immunostaining, which is known 
to be a common danger in immunohistochemical detec- 
tion of p53 [15]. At the same time, we failed to detect 
any positive case when applying the PCR-SSCP strategy 
for p53 mutation analysis. These data may be interpreted 
as evidence of mutation-independent accumulation of 
p53. In this connection, the difference between the im- 
munostaining results obtained with two different anti- 

bodies further corroborates this conclusion. Pab-240 
monoclonal antibody recognises an epitope located be- 
tween amino acids 156 and 214 of p53. This epitope is 
believed to be expressed as the result of a common con- 
formational effect exerted by different p53 mutations 
[13]. We were unable to detect any positive reaction us- 
ing Pab240, whereas the same samples showed distinctly 
positive immunostaining with DO-1 antibody. The find- 
ing is easy to explain by mere absence of the mutant p53 
in any of our samples. Similar results demonstrating im- 
munohistochemical detection of wild-type p53 protein 
have been reported recently for colorectal adenomas 
[46], bone and soft tissue sarcomas [51], astrocytomas 
[38], and glioblastomas [2]. 

Another important question arising from our results is 
related to the causes of elevated p53 product in a signifi- 
cant number of the tumours tested. While it is believed 
that in most cases the rise of p53 protein results from in- 
creased stability brought about by p53 gene mutation [10], 
alternative mechanisms may be suggested. First, it is diffi- 
cult to exclude the possibility that in some cases the p53 
overproduction (probably due to alteration of some other 
regulatory gene/s) is so massive that unstable wild-type 
protein becomes detectable by immunostaining. Similarly, 
the protein may be a subject of post-translational modifi- 
cation or can perhaps be stabilised with other cellular pro- 
teins. The latter possibility, which now seems to be the 
more likely [11], has been demonstrated for the mdm2 on- 
cogene product p90, which is able to form a complex with 
the wild-type p53 protein [7, 8, 28]. It is interesting to 
note that mdm2 amplification has been reported in about 
30% of human sarcomas [31], especially in view of our 
observation of extremely intense p53 immunostaining (in 
the absence of p53 gene mutations) in two cases of fibro- 
sarcoma (see Table 1). Other, still unknown, mechanisms 
may also be involved in the accumulation of wild-type 
p53. Finally, some uncommon mutations outside exons 
4-8 of p53 might be responsible for the accumulation of 
p53 in some cases; however, such an explanation is highly 
improbable because mutations of this kind are so rare. 

The results of this study allow us to conclude that p53 
mutation is not important in the progression of human 
RCCs. This conclusion supports the data obtained by 
other investigators in different human populations [19, 
44]. However, post-translational alterations of the struc- 
ture and/or function of the wild-type p53 protein seem to 
be important especially for chromophilic and chromo- 
phobic cell tumours. Augmentation of immunohisto- 
chemically detectable p53 protein content may be pro- 
posed as a prognostic test, indicating increased aggressi- 
vity. This conclusion is further supported by recent data 
published by Uhlman et al. [47], demonstrating an asso- 
ciation of positive p53 immunostaining in RCCs with ac- 
quisition of metastatic potential. 
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