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Abstract The value of  automated DNA cytometry for 
differentiation of testis cancer was evaluated in 54 semino- 
mas, 13 HCG-positive seminomas, and 48 embryonal 
carcinomas. Slices of paraffin embedded tissue were 
enzymatically digested and stained with Feulgen SITS 
after fixation on glass slides. Automated DNA cytometry 
was performed with a Modular Image Analysis Computer 
(MIAC). DNA histogram phenotpye and computed DNA 
indices were correlated with the different tumor types. The 
ratio of hypertriploid to hypotriploid increased from 
HCG-positive seminoma over embryonal carcinoma to 
seminoma. The following mathematical DNA indices 
were found to correlate with tumor type: mean ploidy, 2c 
deviation index, 5c exceeding rate, variation coefficient of 
the GO/1 fraction and DNA nucleus diameter correlation. 
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Cytophotometric determination of the DNA content in 
cel! nuclei has frequently been regarded as a diagnostic 
and prognostic tool in various tumors. In the urogenital 
system, most investigators have focused on tumors of the 
prostate [17, 22], kidney [14, 16, 21] and bladder [13, 20]. 
Since testicular cancer is a relatively rare tumor type, 
DNA cytometric studies have been done only in a limited 
number of patients with this malignancy. 

Most quantitative studies on nuclear DNA in testicular 
germ cell tumors revealed an aneuploid pattern [2, 7, 12]. 
However, there is no general agreement on the percentage 
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of diploid testicular tumors since this percentage varies 
from 5 % to 30 % in the literature [2, 8, 12, 18]. There is also 
no general consensus with regard to the differences in 
DNA content between seminomas and non-seminomat- 
ous germ cell tumors [8, 15, 23]. 

We analyzed DNA ploidy patterns in various types of 
testicular germ cell neoplasms (seminoma, HCG-positive 
seminoma, and embryonal carcinoma) by the use of 
automated DNA image analysis cytometry. 

Materials and methods 

Paraffin-embedded histological material obtained by orchiectomy 
from 115 patients with testicular cancer was analyzed (Table 1). 
Tumor areas within the paraffin material were identified by HE- 
stained reference sections. One 50-gin section was deparaffinated, 
rehydrated in ethanol at decreasing concentrations, digested in a 
solution of 0.05 % pronase for 30 min, resuspended mechanically by 
repeated sucking through Pasteur pipettes, and filtered over 70-1am 
nylon mesh filters. The cells were centrifuged and resuspended in 
carbowax fixative and adjusted to a concentration of 10 4 cells/ml. 
Then i ml of this suspension, containing bare nuclei with minimal 
rests of cytoplasm was centrifuged on glass slides. The nuclei were 
air-dried and stained by the Feulgen-SITS technique with an 
automatic staining device. Healthy testicuIar tissue was processed by 
the same techniques and served as a diploid standard. 

Automated analysis of Feulgen-DNA-stained testicular speci- 
mens was performed with a Modular Image Analysis Computer 
(MIAC; Leitz, Wetzlar, Germany). This machine consists of a 
computer-operated microscope and two video cameras. Image 
analysis is performed by the Texture Analysis System (TAS; Leitz). 
The digitized images are stored on a personal computer. The MIAC 
is operated by automatic cell analysis program (ACA, Microscan, 

Table 1 Tumor histology and pT stages of the tumors analyzed 

Seminoma HCG-pos. Embryonal 
n = 54 n - 13 carcinoma 

n=48 

pT1 36 9 25 
pT2 14 3 16 
pT3 4 1 5 
pT4 0 0 2 
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The Netherlands). This software identifies single nuclei and has the -~ 
capability of artifact rejection. The histograms obtained are based on 
320 objects identified as nuclei of epithelial morphology by the image 10 
analysis system. All objects are stored in a digitized memory buffer -~ 
and in this study were consecutively controlled for over-looked 7= 
artifacts by the user. 

The resulting data are printed as DNA histograms. Using SAS- b 0 
PC (SAS Institute, Cary, N.C.), several mathematical DNA indices 
of the histograms were calculated - mean ploidy, 5c exceeding rate, 
2c deviation index, variation coefficient of the G0/1 fraction, DNA 
index, standard deviation of ploidy in G0/1 fraction, DNA malig- 
nancy grading and DNA nucleus diameter correlation [3, 4, 11, 19]. 
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Fig. 2 Typical DNA histogram of a seminoma and b embryonal 
carcinoma 

Resul ts  

Interpretat ion o f  D N A  histograms 

Of the 115 analyzed tumors ,  109 were found to be 
aneuploid (95%), There was no significant difference in 
this between seminomas (98 %), HCG-posi t ive  seminomas 
(92%) and embryonal  carcinomas (92%). The tumors  
included 16.5 % that  characterized by multiclonality. The 
hypertr iploid- to-hypotr iploid ratio increased f rom H C G -  
positive Seminoma over embryonal  carc inoma to semino- 
ma (Fig. 1). 

"Phenotypic" interpretat ion of  the histograms revealed 
typical and different patterns for seminomas versus em- 
bryonal  carcinomas.  Seminomas are characterized by a 
distinct stem cell line in the peritriploid range in combi-  
nat ion with S- and G2M-phase  cells (Fig. 2a). Embryona l  
carcinomas,  on the other hand, showed a heterogenous 
aneuploid D N A  pattern without  a clear-cut stem cell line 
(Fig. 2b). 

D N A  indices 

The mean ploidy (MP) [19], the 5c exceeding rate (5cER) 
[3], the 2c deviation index (2cDI) [4], the variat ion 
coefficient of  the G0/1 fract ion (CV) [11] and the D N A  
nucleus diameter correlat ion (DNA/nuc leus  95) discrimi- 

Table 2 Definitions of mathematical DNA indices 

MP: mean value of sample/mean value of 2c population 
5cER: 100 • number of nuclei > 5c/number evaluated nuclei 
2cDI: 1/number of evaluated nuclei • sum square of deviation of 2c 
CV: standard deviation G0/1 fraction/mean G0/1 fraction 

Table 3 Significance level between the mathematical DNA indices 

Seminoma/HCG-pos. Embryonal Ca/ 
seminoma seminoma 

MP P - 0.0229 - 
CV - P = 0.0001 
5cER P - 0.0246 P = 0.0244 
2cDI P - 0.0029 
DNA/nucleus q5 - P -  0.0073 

nated with statistically significant correlation between the 
tumor  types (Tables 2, 3), No  significant difference could 
be calculated by the D N A  index (DI) [11], the s tandard  
deviation o f  ploidy in G0/1 fraction (SDP) [11] or the 
D N A  mal ignancy grading (DNA-Mg)  [3]. 

Neither the phenotypic  interpretat ion of  the histo- 
grams nor  the mathematical  D N A  indices showed any 
correlat ion with the pathological  t umor  stage of  semino- 
mas or  non-seminomas.  
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Discussion 

In accordance with the available data in the literature [6- 
10, 15, 23], our results suggest that far more than 90% of 
the testicular germ cell tumors are characterized by non- 
diploid D N A  patterns. However,  for 6 of  the 115 tumors 
analyzed in our series the D N A  histograms were undoubt-  
edly diploid. These have carefully been reviewed by our 
pathologist (D.P.) to exclude a wrong diagnosis of the 
pr imary tumor  and/or  the analysis of non-representative 
material for D N A  cytometry. A diploid DNA histogram of 
testis tumors therefore does not exclude malignancy. 
Aneuploidy, on the other hand, is commonly regarded as a 
marker  of  malignancy. In a series of renal tumors,  
however, we found that oncocytomas,  which always 
behave as benign neoplasms in our experience, were 
characterized by non-diploid histograms in a considerable 
percentage of cases [21]. 

Regarding the ability of the D N A  cytometry to differ- 
entiate between various types oftesticular tumors,  the data 
in the literature are controversial. Some authors found no 
differences between seminomas and non-seminomas [8, 
12], while others described the mean DNA index of 
seminomas as significantly higher than in nonseminomas 
[6, 7, 15]. We found a similar tendency in our material, but 
without statistical significance. Surprisingly, however, our 
marker-positive seminomas were also characterized by a 
low DNA index as well (embryonal carcinoma 1,37, H C G -  
positive seminoma 1,39, seminoma 1,45). The DNA-  
cytometric literature has so far not discriminated between 
marker-negative and marker-positive seminomas, proba- 
bly because of the low frequency of the latter type. 

Mathematical  D N A  indices have not formerly been 
calculated for testicular tumors. We found a significant 
correlation between some of these indices and the histo- 
logical tumor  type (Table 3). The differences between 
HCG-posi t ive seminomas and marker-negative semino- 
mas are again of special interest. 

Some of the discrepancies between our data and those 
in the literature could be of methodological origin. The 
histograms obtained by image analysis DNA cytometry 
are almost exclusively based on the tumor  cell population. 
Non-neoplastic cells and artifacts are excluded from D N A  
measurement by the image analysis system. Flowcytomet- 
ric histograms, the basis of  almost all the reports in the 
literature, are based on both neoplastic and non-neoplas- 
tic cell elements of the tumor. 

A correlation between mathematical  D N A  indices and 
the prognosis of  non-seminomas has so far been described 
by only one group [1] for the 5c exceeding rate. In our 
data, we found similar results [5]. 

Using a double-blind setting, we compared the DNA-  
histogram patterns of  patients with clinical stage I disease, 
with reference to whether they had (n = 33) or did not have 
( n -  41) retroperitoneal dissemination during retroperito- 
neal lymphadenectomy. 

The results demonstrated a D N A  shift to a higher D N A  
content in advance of tumor  growth. The Wilcoxon text 

revealed a significant increase (P 0.0165) in the percentage 
of nuclei with a D N A  content of over 5c (5cER) in the 
group of patients with metastases. In addition, we com- 
pared the D N A  histogram patterns of  pr imary tumors 
with those of the corresponding lymph node metastases: 
we found a significant increase (P-0 .005)  in the 5cER 
during the process of  dissemination. D N A  content of  
2.25-4.5c and over 4.5c did not increase. 

The results suggest that the 5cER can be regarded as a 
useful prognostic parameter  in clinical stage I testicular 
cancer. We are currently reevaluating this correlation in a 
larger number  of clinical stage I tumors. Confirmation 
would most probably indicate a high clinical impact of 
D N A  cytometry in testicular cancer. 
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