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Abstract In situ end-labeling (ISEL) of internucleosomal
3" DNA strand breaks and the morphological proof of
nuclear chromatin condensation are two widely used
methods to investigate and quantify apoptosis. How-
ever, it is still unclear whether both processes are linked
with each other and if quantifying apoptosis by both
methods leads to comparable results. Therefore, inter-
nucleosomal DNA fragmentation and chromatin con-
densation were measured simultaneously on double-
fluorescence-labeled sections of 62 testicular tumors (47
nonseminomatous tumors and 15 seminomas) using
immunofluorescence microscopy. Different apoptotic
indices (AI), based on DNA fragmentation and/or
morphological criteria were determined. The Al were
quantified. Morphologically obtained AI ranged be-
tween 1.99% for non-seminomatous tumors and 0.88%
for seminomas. The detection of DNA fragmentation
values ranged between 8.15% for non-seminomatous
tumors and 2.70% for seminomas. Only about 30% of
all apoptotic cells could be detected with the morpho-
logical method compared to 80% using ISEL in both
tumor entities. Therefore, the equivalence of investiga-
tions using different apoptosis detection methods in
human testicular cancer seems questionable.
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Introduction

Apoptosis is known as a multistep process character-
ized by internucleosomal DNA cleavage and conden-
sation of the chromatin leading to a non-homogenous
chromatin distribution along the nuclear membrane.
The method of choice for the detection of internucle-
osomal DNA cleavage is the in situ end-labeling (ISEL)
of 3’-DNA strand breaks using a fluorescent dye [1, 2].
Morphological changes, such as chromatin condensa-
tion, can be visualized with a DNA-specific fluorescent
dye [3].

Apoptosis induction plays a crucial role in the therapy
of testicular cancer patients. It is one of the major effects
of chemotherapeutic drugs and is essential to the good
prognosis of testicular cancer patients. On the other
hand, chemotherapy resistance, with a poor prognosis
for the patients, can be a consequence of altered apop-
totic programmes [4, 5]. Consequently the efficacy of
cytotoxic drugs is assessed by quantifying apoptosis [6]. It
is therefore vital to have reliable methods for the detec-
tion and also for the quantification of cell death [7].

So far, however, it is unclear whether the morpho-
logically characterized condensation of chromatin as well
as biochemically investigated DNA fragmentation are
linked with each other [8]. Preliminary investigations
performed on testicular cancer showed a three to four-
fold higher rate of apoptotic cells detected with ISEL
compared to the morphological method [9]. Therefore, it
is unclear whether quantifying apoptosis with either
method will lead to comparable results. The compara-
bility of investigations using different apoptosis detection
methods seems questionable. Nevertheless, either the
morphological or the biochemical detection method are
used exclusively in in vivo studies in order to determine
the proportion of apoptotic cells in tissue [10, 11, 12, 13].



The aim of this study was to quantify apoptosis using
both methods in order to define the apoptotic detection
method most suitable for routine apoptosis quantifica-
tion. These examinations were performed for the first in
time in a large in vivo series on 62 testicular tumors.

Materials and methods
Tissue

Tissue samples obtained from 62 patients with testicular
cancer (47 non-seminomatous germ cell tumors NSGCT:
26 pure embryonal cell carcinomas and 21 mixed germ
cell tumors; as well as 15 seminomas) were examined.
The cases were selected from the files of diagnosed
surgical specimens at the Department of Pathology,
Military Hospital, Ulm, Germany. Paraffin embedded
tissues were fixed in 4% buffered formalin and processed
by standard methods. Two consecutive 5 pm cut sections
were mounted per coated slide (Superfrost/Plus, Menzel
Gléser, Munich, Germany). One section was processed
for ISEL of DNA fragments employing the Apop Tag
plus Apoptosis Detection Kit (Oncor, Appligene, Hei-
delberg, Germany). The remaining section was stained
with hematoxylin and eosin to define the tumor region
under the guidance of an experienced pathologist.

Microdissection was not performed in NSGCT be-
cause the number of cases of each subtype which could
be evaluated was too small to find significant differences
between the histological components (embryonal cell
carcinoma n=17, yolk sac carcinoma n=6, chorion
carcinoma 7 =15, seminoma »n =5, mature teratoma n=73,
immature teratoma n=06). The number of cases which
could be evaluated was even less, because in some of the
tumors the proportion of the relevant region was too
small to investigate with enough microscopic fields for a
representative cell count for the specific tumor entity to
be made.

To get an impression of whether there might be
possible differences between histological subtypes,
however, pure embryonal cell carcinomas were investi-
gated separately.

All investigations were performed after approval by
the local Human Investigations Committee.

In situ end-labeling and DNA counterstaining

The ApopTaq Plus Kit (Oncor, Appligene, Heidelberg,
Germany) was used for ISEL, as recently published [9].
In brief, after deparaffination, tissue sections were
incubated with 20 pg/ml proteinase K (Boehringer
Mannheim) diluted in distilled water for 8 min at 37°C,
washed in distilled water (four times), incubated with
TdT mix according to the manufacturer’s protocol for
60 min at 37°C in a humidified chamber, washed three
times in distilled water and incubated with anti-dig-
FITC for 30 min at room temperature in a humidified
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chamber. The DNA dye, 4°,6-diamino-2-phenylindole
(DAPI, final concentration 1.0 pg/ml; Serva, Heidel-
berg, Germany) was added for examination of the nu-
clear apoptosis morphology and incubated for 5 min.
Slides were washed three times with distilled water, dried
at room temperature and either mounted in glycerol/
paraphenylenediamine (PPD, antifading drug; final
concentration 1 mM, Aldrich, Steinheim, Germany) or
stored at 4° C and mounted immediately before exami-
nation. HL-60 cells (which served as a positive control)
were treated similarly, except for omitting the first
treatment step with proteinase K. For negative controls,
TdT was not added to the reaction mixtures. The opti-
mization of the method (e.g. duration of proteinase K
exposure) was determined in a cascade of preliminary
experiments (not shown). Cells with a FITC signal in the
nucleus were considered to contain fragmented DNA.

After nuclear staining using DAPI as a DNA specific
dye, cells were differentiated into: (1) morphologically
non-apoptotic cells, characterized by a homogeneous
distribution of DNA in the normal sized nucleus, and (2)
morphologically apoptotic cells showing a condensed
DNA along the nuclear membrane.

The proportion of apoptotic cells was quantified by
calculating the apoptotic index (Al), i.e. the percentage
of apoptotic cells in all investigated cells of the tumor.

Microscopic examination and definition
of apoptotic indices

The slides were scored for the two types of cells (mag-
nification: 400x) with the aid of an epifluorescence
microscope (Orthoplan; Leica, Wetzlar, Germany)
equipped with a filter block for DAPI excitation (exci-
tation: 270-380 nm; emission: 410-580 nm). When
changing the filter block with the filter wheel, the same
cells were examined for FITC signals (excitation: 450—
490 nm; emission: =520 nm, long pass filter) enabling us
to differentiate between morphologically normal cells
and morphologically apoptotic cells which either bore
FITC signals (DNA fragmentation) or not.

This led to three Al: (1) Al of morphologically nor-
mal cells showing DNA fragmentation (AlpNA frag)s
(2) Al of morphologically apoptotic cells with DNA
fragmentation (Alfag+ cond)> and (3) Al of morphologi-
cally apoptotic cells without DNA fragmentation
(AIchrom cond) (Table 1)

The sum of these Als was considered to represent all
apoptotic cells that could be detected in the tissue sec-
tion (Alall apop)-

However it may not be convenient for the routine
quantification of apoptosis to check every single cell for
both morphological and biochemical (ISEL) features. It
would be much easier to use only one detection method.
The question arose as to whether the quantification of
apoptosis with either ISEL or apoptotic morphology
would lead to results comparable to those of the above
described “‘single cell method™.
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Table 1 Cellular apoptotic features in different apoptotic indices
(AD

Al DNA fragmentation (ISEL) Apoptotic morphology

Alfrag +
chrom cond

AIfrag+c0nd +
+

H++ + !

Imorphology
IISEL

Therefore, two additional Als, obtained by per-
forming one detection method without considering
the second, were calculated (Table 1): (1) the percent-
age of all cells showing apoptotic nuclear morphology
on DAPI staining (Alchrom cond + Alfrag+cona) This
Al was named Alporphology, (2) the percentage of all
cells showing DNA fragmentation after ISEL (Alg,,+
AIfrag+cond)' This was named AIISEL~

It is evident that quantifying apoptosis with only one
method ignores a certain amount of apoptotic cells. On
the other hand, it is not clear to what extent the addition
of both would overestimate the apoptotic index of a
tissue section. Therefore, the sum of Alyorphology and
AIISEL was calculated (:AIISEL+morphology)~

The mathematically obtained Als, Al orphology> AliserL
and AIiSgL + morphology Were compared with the Als ob-
tained by microscopic evaluation on a single cell basis.

Statistics

The mean and SD as well as significance levels (¢-test or
Mann-Whitney Rank Sum Test if the equal variance test
failed) were calculated with the aid of statistical soft-
ware (Sigma Stat for Windows, 2.0; Jandel, Erkrath,
Germany).

Results

DNA fragmentation and chromatin condensation
in apoptotic testis tumor cells

On a single cell basis, the proportion of cells showing
only DNA fragmentation (AlpNa frag), Only chromatin

condensation (Alchrom cond) OF DNA fragmentation and
chromatin condensation (Alfag+cond) Were assessed.

In all NSGCT investigated, AlpNa frag (7.37% £ 10.4)
was significantly higher than Alcpom cona (1.20% +1.74)
and Alpagtcona (0.78% £1.0) (P<0.001) (Fig. 1). A
similar distribution could be found for seminomas
(AIDNA frag (2-30%’ + 17)’ AIchrom cond (049% + 04),
Alfrag+cond (0.39% +0.3) (P <0.001).

The proportion of cells that can be recognized
with one detection method

With ISEL, three to fourfold more apoptotic cells
could be detected compared to the morphological
method. For NSGCT, Aljggr. was 8.15% +10.2 com-
pared to Alyorphoiogy 1.99% £2.4 (P <0.001). A similar
difference could be found in seminomatous tumors
(ALiggr 2.70% £ 1.8 vs Alorphology 0-88% £0.56).

Consequently, there was a significant difference in the
proportion of apoptotic cells that can be detected by
performing ISEL or nuclear staining. For NSGCT,
83.60% +£17.72 of all apoptotic could be found with
ISEL compared to 28.74% +26.51 with the morpho-
logical nuclear staining (P <0.001). In seminomas, si-
milar results were found with 83.45% +10.45 of all
apoptotic cells being detected with ISEL compared to
33.67% £19.33 with the morphological method
(P<0.001, t-test) (Fig. 2).

There was no difference between pure embryonal cell
carcinoma and mixed NSGCT.

Difference between Al apop and Alisgr + Morphol

In NSGCT there was no significant difference between
AIISEL+ morphology (10 14+ 105) and AIall apop
(7.99 £6.8). The same was found in seminoma (Aljggy
+ morphology (3-58 £2.2) and Al 4pop (3.18 £2.0) (Fig. 3).

Quantification of the apoptotic indices

For morphologically defined apoptosis detection, we
identified apoptotic indices between 1.99% for non-
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AIDNA frag, Alchrom cond and 25 6 -
AIfrag+cond in NSGCT and AI p < 0.001 ns AI p <0.001 ns
sgmi.nomas. A.IDNAfmg was 20 | * 5 | .
significantly higher than p < 0.001 p <0.001
AIchrom gopd or AIfrag+cond m 4
both entities 15 1
3 |
10 1 .
2 |
*
5 1 s ¢ : *
- .
. - = i | e

Al pnamay Al ciem cova®! 1agzoma

Al oo rag Al 6 pmcors Al magzang



335

Fig. 2 The difference in the NSCGT Setminoma
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Table 2 Quantification of
apoptosis. Al for all Alpna frag Alchrom cond Alfrag+cond AlisgL Almuprhology
investigated subgroups
(mean + standard deviation) All NSGCT n=47 n=47 n=47 n=47 n=47
(NSGCT = non-seminomatous 7.37+£10.38 1.20+£1.74 0.78+1.01 8.15+£10.26 1.99+2.49
germ cell tumors) All mixed NSGCT n=21 n=21 n=21 n=21 n=21
6.11+£6.40 1.34+1.53 0.49+0.61 7.59+8.78 1.84+1.97
All pure embryonal cell n=26 n=26 n=26 n=26 n=26
carcinomas 5.92+6.85 1.09+£1.92 1.02+1.33 8.61£11.48 2.11+2.87
All metastasised NSGCT n=23 n=23 n=23 n=23 n=23
7.50 = 10.85 1.01 £ 1.40 0.99 £+ 1.30 8.49 + 10.69 2.01 + 2.27
All non-metastasised NSGCT n=24 n=24 n=24 n=24 n=24
7.25+9.98 1.38+2.03 0.59+0.84 7.83£10.06 1.97+2.73
All seminomas n=15 n=15 n=15 n=15 n=15
2.3+£1.68 0.494+040 0.39+0.29 2.70+1.78 0.88+0.56
All metastasised seminomas n=>5 n=>5 n=>5 n=>5 n=>5
1.4+1.16 0.34+046 0.32+0.27 1.72+1.15 0.66+0.56
All non-metastasised n=10 n=10 n=10 n=10 n=10
seminomas 2.75+1.77 0.56+0.38 043+0.32 3.18+1.87 0.99+0.56

seminomatous tumors and 0.88% for seminomas. With
ISEL, i.e. the detection of DNA fragmentation, signifi-
cantly higher rates of apoptotic cells could be detected.
These values ranged between 8.15% for non-semino-
matous tumors and 2.70% for seminomas (Table 2).

Discussion

Apoptosis and its regulation play an important role in
the pathogenesis and therapy of human testicular can-
cer, being the major effect of chemotherapeutic drugs

[4, 5]. Chemoresistance is linked with altered apoptotic
programmes [5]. A great deal of research is therefore
aimed at defining the molecular mechanisms that play a
role in apoptosis in testicular tumors [14, 15, 16, 17,18,
19]. As one of the common end points of experiments
related to apoptosis is the death of the cell, it is vital to
have reliable and reproducible methods for the detection
of, and especially for the quantification of, cell death
[7, 23].

The definition of apoptosis is mainly based on two
hallmarks of the process, i.e. DNA fragmentation [24]
and the typical apoptotic morphology of the cells [3].
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Both features can also be used for identifying apoptotic
cells using ISEL for the detection of DNA fragmenta-
tion [1, 2] and nuclear staining with a DNA specific dye
(DAPI) for the assessment of morphological changes [3].

Most of the recent studies dealing with apoptosis in
human testicular cancer, however, have used only one of
these methods [10, 12, 14, 16], although it was hypoth-
esized that both processes are not linked with each other
in this tumor entity [9].

Therefore, the question arises of whether AI, ob-
tained by in situ end-labeling or by the investigation of
apoptosis morphology, will give comparable results. The
present investigation was performed to quantify the
amount of apoptosis in vivo in testicular cancer using
both methods and to define the detection method most
suitable for routine apoptosis quantification.

For the first time, it could be shown that there is a
significant difference between the apoptotic index ob-
tained by ISEL and by the investigation of apoptotic
morphology in human testicular cancer (NSGCT
and seminomas). In NSGCT, as well as in seminomas,
Alsgr was about threefold higher than Al orphotogy-
Only 25-30% of all apoptotic cells could be detected
with the morphological approach. With ISEL, the pro-
portion increased to 80%, but still 15-20% of all
apoptotic cells were missed.

The reason for this huge difference can be found by
considering both apoptotic features on a single cell basis.
DNA fragmentation was found in 70% of all apoptotic
tumor cells, but only 16% had an apoptotic morphol-
ogy. This means that 86% of all apoptotic tumor cells
express only one of both apoptotic features, leading to a
significant failure in the Al determined using only one
detection method.

Consequently, the most accurate way to determine
the Al of human testicular tumors would be to investi-
gate DNA fragmentation and apoptotic morphology for
every single cell and to add Alpna frag, Alchrom cond and
Alfrag and cond> thus obtaining the proportion of all
apoptotic cells in a tissue section. In the present inves-
tigation, we called this Al 4pop. However, as described
above, this method is very time consuming and seems at
least impractical, even if performed with the aid of an
image analyzing system. Therefore it seems reasonable
to look for a more practical way to determine an accu-
rate Al for tissue.

Only a small proportion of all apoptotic cells show
both apoptotic features simultaneously. Therefore,
adding Alisgr. and Alyorphology cOuld lead to compara-
ble results to the addition of all apoptotic indices ob-
tained at a single cell level. Indeed, there was no
difference between Alisgr + Almorphology and Al apop-
At least for testicular cancer, this might be an appro-
priate way to quantify apoptosis. It avoids the time
consuming investigation of DNA fragmentation and
apoptotic nuclear morphology for every cell in a tissue
section.

Several groups have compared different detection
methods in certain cell systems or tissues with incon-

sistent results. A close correlation could be found be-
tween apoptosis morphology and ISEL in embryonal
tissue [25] and in different paraffin embedded normal
and tumor tissues [26]. Others could not identify any
correlation [7], or they found it to be cell system
dependent [27].

One reason why most of the cells show one apoptotic
feature only may be an independent activation of two
genetic programs for DNA fragmentation and chroma-
tin condensation. Several studies support the hypothesis
of such an independent activation in testicular cancer.
Evidence for this was based especially on the finding that
most of the apoptotic bodies representing the final stage
of the apoptotic process revealed no DNA fragmenta-
tion. At least in this stage the occurrence of both
apoptotic features should be expected [9, 28]. In other
systems, morphological features of apoptosis occur in
the absence of DNA fragmentation [29, 30]. Finally
enucleated cells incubated with the apoptosis inducing
antibody APO-1/Fas revealed the key morphological
features of apoptosis. In non-enucleated cells, inhibitors
of endonucleases blocked DNA fragmentation but not
cell death induced by anti-APO-1. These data provide
further evidence for an independent activation of DNA
fragmentation and chromatin condensation [31].

Little information on the mechanisms of the inde-
pendent activation of DNA fragmentation and chro-
matin condensation is available for testicular cancers.
Additional investigations are therefore required to
address the field of regulation of apoptotic cell death in
this tumor.

Our results show clearly that the detection method
used for calculating AI must be specified, because there
are significant differences in the proportion of apoptotic
cells using different apoptosis detection methods.

There are few studies that assess Al in human tes-
ticular cancer by ISEL [8, 13]. All investigations found
Aljsgr to be within about the same range as we did. The
other AI have not been assessed so far in testicular
cancer in vivo.

Conclusion

This study showed a three to fourfold higher detection
rate of apoptosis using the ISEL technique compared to
the morphological method in human seminoma and
NSGCT. Therefore, the interpretation and comparison
of studies dealing with apoptosis must be carried out
with caution, especially if different apoptosis detection
methods were used.

A combined approach, using both morphological and
biochemical detection methods, should allow the quan-
tification of the amount of apoptotic cell death in tes-
ticular cancer and other tumors more precisely.
Comparable and reliable methods for the investigation
of apoptosis are prerequisites for the investigation of this
event as the major biological phenomenon in the therapy
of testicular cancer.
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