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Abstract. The presence of intratumoural heterogeneity in DNA distribution patterns has been accepted. However, most
previous studies have not taken this fact into consideration. The value of DNA cytometry depends on its reproducibility.
This could be influenced by heterogeneity failure. The aim of the present study is to evaluate intratumoural heterogeneity
in renal cell cancer.

A sample of 22 tumours of the kidney was investigated by means of static DNA cytometry: 21 tumours were carcinomas,
one was an angiomyolipoma. Probes from seven different locations of each tumour were Feulgen-stained and measured.
The variability of DNA features was determined and correlated with histological grade and type and with tumour size.

There was considerable intratumoural heterogeneity with respect to DNA distribution pattern in 45% of the tumours.
Additional non-diploid tumour-stemlines and deviation of computed DNA features could be found in several cases by
measuring more than one slide per tumour. A correlation between tumour heterogeneity, grading or typing, and tumour size
could not be found.

Because these DNA parameters could serve as the foundation of a risk-adapted treatment, tumour heterogeneity could
have clinical consequences. Based on the results of this study we suggest measuring at least three slides per tumour to avoid
misinterpretation of DNA measurements in renal cell cancer.
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1. Introduction

Measurements of nuclear DNA content have been used as a prognostic indicator in patients with
malignant tumours. Their value could be shown in malignant tumours of the kidneys in several studies
[2,3,10,15–19,27,28]. Others studies failed to confirm these findings [14,20,30,32,34].

Although the presence of intratumoural heterogeneity in DNA distribution pattern has been accepted,
most previous studies have not taken this fact into consideration. The capability of DNA cytometry
depends on its reproducibility [7,17,22,29]. The aim of the study was to evaluate the degree of the
intratumoural heterogeneity of DNA parameters by means of static image cytometry in tumours of
the kidney. The degree of differences should be correlated with the grade of differentiation and size
of the tumours. The results of the study should suggest an appropriate number of probes for accurate
DNA cytometry in renal tumours.
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2. Material and methods

2.1. Patients and tumours

Specimens from 22 patients suffering from tumours of the kidney were investigated. 10 of the
patients were women, 12 were men. The mean age was 65.1 years (from 40 up to 77 years). From
each tumour at least 5 samples were investigated histologically. Histological grading and typing was
performed according to Thoenes [33].

2.2. Slide preparation

Immediately after tumour resection, a section of 1 cm3 in size was made from 7 non-necrotic tumour
areas (see Fig. 1). From each tissue piece three to five smear preparations of the section were fixed
on an uncoated glass slide. The glass slides were air-dried and kept away from light until staining.
One slide of each location was stained. Prior to the actual staining, all preparations were fixed for
10 min in 4% neutral formalin [13]. To determine the quantity of DNA content, Feulgen-reaction was
performed [23]: Sour hydrolysis in 5 N HCl for 30 min at 25◦C and subsequent staining for 60 min
in Schiff’s reagent followed by routine dehydration with Canada balsam serving as an adhesive.

2.3. Image analysis

The measurement of stained preparations was performed within 14 days using system Cue2 (Olym-
pus, Japan). For the measurements the system was connected to a microscope BH-2 (Olympus) with
objective 40×, interference filter 560 nm and black and white TV camera (XC-57CE, Sony, Japan)
with a pixel resolution 512 × 512. All slides of one tumour were measured on the same day. At

Fig. 1. Tissue acquisition from seven different locations in renal tumours.



H. Nenning et al. / Heterogeneity of DNA distribution pattern in renal tumours 11

least 200 tumour cells as well as 20–30 granulocytes per preparation as internal reference cells were
measured interactively. Glare corretion was not available for the used system. That is why a CV of
lower than 7% was accepted althought it was recommended that the CV of reference cells should not
exceed 5% [5].

2.4. DNA parameters

The following DNA parameters were calculated using ploidy software (Ver. 6.2, Galai, Israel):
stemline ploidy (ratio of DNA content between tumour-stemline and diploid reference cells; DNA
index), 5c-exceeding rate (rate of cells with DNA content higher than 5c), 2c-deviation index and
DNA-grade of malignancy [6]. Regarding the DNA index of the highest tumour-stemline, the ploidy
status was determined: The statement of DNA aneuploidy was based on the conventional DNA
stemline interpretation which assumes aneuploidy if the stemline ploidy differs more than ±10%
from the median of the reference cells. Tumour cell stemlines within ±10% of the double me-
dian of the reference cells were regarded as peritetraploid [5]. Only the highest peak was con-
sidered for determining ploidy status in tumours with more than one peak (e.g., peridiploid and
peritetraploid).

In addition, the DNA distribution histograms were classified according to a modified Auer classi-
fication [1] as described below. All classifications were performed by one expert investigator. The

Fig. 2. DNA distribution pattern regarding the histogram classification.
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classification consists of four categories. Type I histogram represents one single peak in the peridiploid
region with some cells near 4c. Type II histogram is characterised by either a distinct peak in the
peritetraploid region or two peaks in peridiploid and peritetraploid regions, and some cells near 8c.
Type III shows an aneuploid, non peritetraploid peak, with or without an additional peridiploid peak.
Type IV histogram shows a wide range of DNA values with several peaks and cells exceeding the 4c
region (see Fig. 2).

2.5. Statistical evaluation

For each tumour, the mean value, minimum, maximum, standard deviation and variance of the
computed DNA parameters were determined. The results of DNA cytometry were compared with
tumour size and histological grade of differentiation (Mann-Whitney’s u-test). Evaluation was per-
formed using statistic package SPSS for Windows. A difference was considered to be significant if
the p-value was lower than 0.05.

3. Results

Of the tumours 21 were carcinomas, 18 of clear cell type, two were tubulo-papillary carcinomas and
one was a Duct-Bellini carcinoma [33]. One tumour was classified as angiomyolipoma as result of the
histological investigation. The benign nature of the tumour was unknown at the time of operation; it
was considered as a carcinoma and the involved kidney was resected. It is known, that grading is not
allowed for benign tumours. But we have included this tumour in our study, because heterogeneity
has been seen in benign lesions, as well.

The mean tumour size was 247.2 cm3 (from 1.7 up to 1287 cm3).
Five of the carcinomas were classified as G1-tumours, 12 as G2-tumours and 4 as G3-carcinomas.
The distribution of the histogram types is shown in Table 1. In 12 (54%) cases only one type was

determined, in ten cases (46%) more than one histogram type was found. Ploidy status of the tumour
samples in shown in Table 2. Of the 22 tumours 14 (64%) were homogeneously diploid, and in seven
cases (32%) diploid and non-diploid tumour stemlines were detected, one tumour was in all samples
non-diploid with respect to its highest peak.

The distribution of the DNA parameters 5c-exceeding-rate, DNA grade of malignancy and 2c-
deviation index is given in Tables 3–5.

4. Discussion

Accuracy and reproducibility of DNA content measurements are essential when using this method
for characterisation of tumours [22]. In addition to measuring and preparation, interest has been
focused on the heterogeneity of tumours in the past years. It is well recognised that tumours often
consist of subpopulations with different clones, including different DNA ploidy. Several studies
revealed that the distribution of DNA parameters in one tumour depends on its size and grade of
differentiation. These authors suggested that the measurements be made on more than one slide to
characterise the tumour more precisely [7,8,11,12,17,25,29,31].

Tumours of the kidney are often large. Histological examination shows differences in structure and
differentiation. Thus it seems possible that there are differences in DNA distribution pattern as well.
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Table 1
Distribution of the different histogram types in the investigated tumours

Case Type I Type II Type III Type IV
1 1 6
2 7
3 7
4 2 4 1
5 7
6 7
7 7
8 7
9 7

10 3 3
11 6 1
12 7
13 7
14 7
15 4 3
16 7
17 1 6
18 7
19 3 4
20 3 2 2
21 6 1
22 7

Table 2
Ploidy status of the different tumour locations

Case Loc. 1 Loc. 2 Loc. 3 Loc. 4 Loc. 5 Loc. 6 Loc. 7
1 d d d d d d d
2 d d d d d d d
3 d d d d d d d
4 d a d d d t d
5 d d d d d d d
6 d d d d d d d
7 d d d d d d d
8 d d d d d d d
9 d d d d d d d

10 d t d d d d d
11 d d d d d t d
12 d d d d d d d
13 d d d d d d d
14 a a t a a a a
15 d d d d d d d
16 d d d d d d d
17 d t d d t d d
18 d d d t d t d
19 d d d t d d d
20 d d d d d a t
21 d d d d d d d
22 d d d d d d d

d = DNA-diploid, t = DNA-tetraploid, a = DNA-aneuploid.
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Table 3
Distribution of the 5c-exceeding-rates (5cER; in %) in the investigated tumours

Case 5cER min max dev
1 4.62 0.51 12.5 3.8
2 0.2 0 0.97 0.37
3 0.133 0 0.48 0.23
4 7.7 0 35.9 12.9
5 0 0 0
6 0.106 0 0.4 0.18
7 0.204 0 0.98 0.38
8 0.86 0 1.82 0.61
9 0.32 0 0.89 0.34

10 2.18 0 7.11 2.62
11 3.92 0 15.34 5.76
12 0.15 0 0.56 0.26
13 0.24 0 0.65 0.3
14 2.62 0.51 5.45 1.7
15 2.98 0.46 6.25 2.42
16 1.43 0 3.11 1.23
17 5.6 0.52 11.4 4.3
18 1.73 0.52 3.92 1.13
19 4.17 0 14.7 4.99
20 3.75 0.75 10.78 3.59
21 1.8 0 10.82 3.99
22 0.2 0 0.54 0.25

min: minimal value; max: maximal value; dev: standard deviation.

Table 4
Distribution of the DNA grades of malignancy (MG) in the investigated tumours

Case MG min max dev
1 0.844 0.42 1.24 0.26
2 0.18 0.13 0.22 0.04
3 0.114 0.05 0.17 0.04
4 0.92 0.19 2.13 0.68
5 0.114 0.05 0.16 0.04
6 0.236 0.13 0.38 0.07
7 0.163 0.12 0.19 0.03
8 0.33 0.18 0.46 0.09
9 0.23 0.18 0.32 0.06

10 0.54 0.22 1.32 0.43
11 0.48 0.07 1.48 0.52
12 0.106 0.08 0.14 0.024
13 0.116 0.04 0.21 0.06
14 0.82 0.64 1.28 0.22
15 0.61 0.4 1.04 0.24
16 0.32 0.19 0.43 0.1
17 0.87 0.21 1.34 0.38
18 0.83 0.39 1.12 0.27
19 0.783 0.1 1.4 0.44
20 0.69 0.21 1.18 0.39
21 0.25 0.03 1.07 0.38
22 0.24 0.05 1.12 0.39

min: minimal value; max: maximal value; dev: standard deviation.
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Table 5
Distribution of the 2c-deviation-indices (2cDI) in the investigated tumours

Case 2cDI min max dev
1 2.18 0.72 4.08 1.09
2 0.271 0.18 0.34 0.07
3 0.164 0.07 0.26 0.065
4 3.87 0.28 15.3 5.2
5 0.166 0.07 0.24 0.06
6 0.37 0.19 0.66 0.14
7 0.24 0.16 0.29 0.05
8 0.55 0.26 0.82 0.18
9 0.36 0.27 0.53 0.115

10 1.36 0.34 4.61 1.66
11 1.39 0.1 5.98 2.14
12 0.15 0.1 0.21 0.04
13 0.17 0.05 0.32 0.096
14 2.04 1.32 4.35 1.05
15 1.33 0.68 2.9 0.84
16 0.53 0.28 0.76 0.19
17 2.44 0.31 4.79 1.52
18 2.13 0.68 3.33 1.03
19 2.19 0.14 5.26 1.77
20 1.76 0.32 3.7 1.33
21 0.58 0.04 3.04 1.1
22 0.13 0.07 0.21 0.05

min: minimal value; max: maximal value; dev: standard deviation.

We assume that a representative number of probes have been taken to detect these differences by
using seven different samples of each tumour.

Considering the stemline ploidy and the histogram classification, four types of tumours could be
distinguished:

1. DNA-peridiploid tumours without an additional stemline (11 tumours);
2. DNA-peridiploid tumours with an additional peritetraploid stemline (six tumours);
3. DNA-peridiploid tumours with an additional non-tetraploid aneuploid stemline (two tumours);

and
4. DNA-non-tetraploid aneuploid tumours (one tumour).

The number of non-diploid stemlines in tumours of group 2 and 3 ranges from one to six. In most
cases the non-diploid tumour cell population could be detected in three or more tumour specimens.
Only the highest peak of the DNA histogram was considered for determining the DNA index and the
ploidy status of the tumour specimen. Tumours with a DNA-diploid stemline could be classified as
histogram type I, II or III depending on an additional lower peak (see Tables 1 and 2). Consider-
ing cytogenetic investigations in renal cell carcinomas, the occurrence of peritetraploid stemlines is
correlated with tumour progression (secondary chromosomal aberrations, [9]). This feature could be
regarded as an unfavourable prognostic factor [5]. The absence of the non-diploid tumour part caused
by unrepresentative material could result in misinterpretation of DNA measurement.

The degree of divergence of 5c-exceeding-rate, DNA-grade of malignancy and 2c-deviation-index
of each tumour correlates with the range of the DNA histogram pattern. A reasonable conformity in
histogram type between the different tumour parts is accompanied by a low divergence in computed
DNA parameters. Occurrence of aneuploid stemlines results in an increase of the 2c-deviation-index
and, in most cases, of 5c-exceeding-rate.
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To distinguish between good and poor prognosis of patients with malignant tumours based on DNA
parameters, it is necessary to set a cut-off point for the computed DNA features. Tumours with
parameters greater than this value will be regarded as high-risk cases, and an additional treatment
is recommended. We found such limits for renal cell carcinoma with respect to the occurrence of
distant metastases in earlier studies [24,26]. Tumours with grade of malignancy greater than 0.5 or
with a non-diploid stemline had a significantly higher rate of distant metastases in clinical follow up.
A special treatment for these patients was suggested. A detected value lower than this level caused by
heterogeneity failure could result in undertreatment of the patients. A difference could not be found
between DNA aneuploid and DNA tetraploid tumours.

A considerable intratumoural heterogeneity of DNA parameters could be detected in 45% in the
tumours investigated in the present study. These results correspond to the results of other authors who
have used flow cytometry in renal cell cancers [21]. There was no correlation between tumour size
and heterogeneity. The smallest tumour (1.7 cm3) had an additional peritetraploid peak in one slide;
the largest tumour (1287 cm3) was homogenous with respect to its DNA pattern. The one benign
tumour investigated in this study showed no sign of malignancy in any location. It had a peridiploid
stemline and low levels of computed DNA parameters.

A statistic correlation between grade of histological differentiation, tumour type and intratumoural
heterogeneity could not be found. Heterogeneity occurred in G1- and G2-, as well as in G3-tumours.
It seems to be possible, that the results of the authors, which did not confirm a correlation between
DNA parameters and prognosis in renal cell cancer, could be influenced by heterogeneity failure [4].

The follow-up time of our tumour patients is too brief to analyse the clinical impact of tumour
heterogeneity. In the study of Ljungberg et al. [21] heterogeneity itself, evaluated by flow cytometry,
had no prognostic significance in renal cell carcinoma. But it is obvious that multiple sampling is
recommended in order to properly evaluate the malignant potential of renal carcinoma. Measuring
of a mixture of samples was suggested for flow cytometric investigations [4]. Recommendations for
image cytometry are not available for renal cell carcinoma to our knowledge. We suggest, based on the
results of this study, that three samples of each carcinoma of the kidney be made to get representative
results of DNA measurements, independently of tumour size and grading to obtain a high probability
of the DNA features of the tumour part with the highest malignant potential.
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[13] H. Krug, Histo- und Zytophotometrie, Fischer, Jena, 1980.
[14] D. Lanigan, P.A. McLean, D.M. Murphy, M.G. Donovan, B. Curran and M. Leader, Ploidy and prognosis in renal

carcinoma, Br. J. Urol. 71 (1993), 21–24.
[15] B. Ljungberg, G. Forsslund, R. Stenling and A. Zetterberg, Prognostic significance of the DNA content in renal cell

carcinoma, J. Urol. 135 (1986), 422–426.
[16] B. Ljungberg, R. Stenling and G. Roos, Prognostic value of desoxyribonucleic acid content in metastatic renal cell

carcinoma, J. Urol. 136 (1986), 801–804.
[17] B. Ljungberg, R. Stenling and G. Roos, DNA content in renal cell carcinoma with reference to tumour heterogeneity,

Cancer 56 (1985), 503–508.
[18] B. Ljungberg, R. Stenling and G. Roos, DNA content and prognosis in renal cell carcinoma, Cancer 57 (1986),

2346–2350.
[19] B. Ljungberg and G. Roos, Value of DNA analysis for treatment of renal cell carcinoma, Eur. Urol. 18(2) (1990),

31–34.
[20] G. Ljungberg, I. Nordenson and G. Roos, Cytogenetic and flowcytometric DNA analysis in renal cell carcinoma, Eur.

Urol. 19 (1991), 59–62.
[21] G. Ljungberg, C. Mehle, R. Stenling and G. Roos, Heterogeneity in renal cell carcinoma and its impact on prognosis –

a flow cytometric study, Br. J. Cancer 74 (1996), 123–127.
[22] A. Marchewski, T. Tolmachoff and S. Lee, Quality assurance issue in DNA image cytometry, Cytometry 26 (1996),

101–107.
[23] D. Müller, Erfahrungen mit der Feulgenfärbung für quantitative cytochemische DNS-Untersuchungen, Histochemie 7

(1966), 96–102.
[24] H. Nenning, J. Raßler and M. Do, DNA cytometry in renal cell carcinoma, Gen. Diagn. Pathol. 141 (1995/96),

243–247.
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