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Abstract Testis tumors of embryonal origin (ten metas-
tasized, six non-metastasized) and 17 mixed testis cell
carcinomas (eight metastasized, nine non-metastasized)
were examined. A triple immunofluorescence micro-
scopic labeling procedure allowed the simultaneous
detection of two features of apoptosis, namely mor-
phological changes in the nucleus (DNA condensation
visualized by DAPI staining) and the process of DNA
fragmentation (TdT-assay) in tumor cells as well as
T-cells (recognized by their CD45RO epitope). Both
methods for apoptosis detection showed similar apop-
totic indices (AI) only in 2.6% of all tumors. Most tu-
mors (81.6%) showed more cells with DNA fragments
than condensed chromatin, but in a number of cases
(10.5%) the opposite pattern was found. These data add
to the few published in vivo examinations of apoptosis
using different methods and help to explain differences
in the judgment of apoptosis significance for tumor
prognosis. With regard to tumorigenesis, non-metasta-
sized testis tumors were characterized by higher Als of
tumor cells and T-cells compared with metastasized tu-
mors, which could be interpreted as a characteristic of
tumors in an earlier stage of their development into an
apoptosis-resistant phenotype. For the first time, in
metastasized tumors a 5 to 25-fold increase of the
T-cell’s Als over the corresponding Als of tumor cells
was shown. This suggests a successful counterattack of
tumor cells, thus supporting the process of metastasis.
However, only ten out of 33 tumors revealed these Al
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changes, which again highlights that tumor biology
cannot be predicted by a single parametric approach. It
remains to be seen whether these characteristics might be
suitable for a reliable prediction of metastasis.
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Introduction

Malignant neoplasms are known to be composed of
diverse cell populations that are heterogeneous in
respect to a variety of properties, including the ability to
metastasize. In this context, the question arises as to
whether there is a metastatic phenotype and, if so, what
its cellular properties are.

Apoptosis has been widely used for diagnosis and
prognosis of cancer [13, 20, 26, 31]. However, different
reports have come to contrary conclusions concerning
the significance of apoptosis in tumorigenesis [2, 9, 16,
24, 27]. One explanation is that short-term assays (e.g.,
dye exclusion, apoptosis measured only at a certain
point in time) for cell killing were used instead of
clonogenicity and that in tumors a selection in favor of
the apoptotic-resistant phenotype takes place [4, 27].

Reports dealing with this question frequently fail to
consider diverse cell populations. According to concepts
of tumor immunology, tumor-infiltrating lymphocytes
(e.g., T-cells) are believed to attack and eliminate tumor
cells [12]. To reach a clinically detectable size, neoplasms
must be able to suppress or evade this host immune
response.

Moreover, apoptosis represents a multi-step process.
In 1972, Kerr, Wyllie and Currie introduced the term
apoptosis to describe a process of cell death characterized
by certain unique morphological features (cell shrinkage,
DNA condensation along the nucleus membrane,
budding of the cell soma, single cell death without
inflammatory reactions) [11]. With the advent of



biochemical techniques such as DNA electrophoresis in
the 1980s apoptosis became linked to certain processes of
DNA cleavage. In some models of apoptosis, activated
intracellular endonucleases disrupt DNA at the higher
chromatin order, leading to DNA fragments in the range
of 50, 300, 700 and 1000 kbp [29, 30]. With the release of
endonucleases which disrupt these higher chromatin
fragments internucleosomally, DNA fragments of 180 bp
and multiples of it can be visualized as a so-called lad-
dering pattern on gel electrophoresis. The DNA ladder, it
has been suggested, is a hallmark of apoptosis. This
suggests that the multi-step process of apoptosis should
be examined using several different methods simulta-
neously. Most publications are characterized by a lack of
different methods for apoptosis detection.

In order to elucidate the significance of apoptosis for
the process of metastasis, metastasized, as well as non-
metastasized, testis tumors were investigated. Two ma-
jor features of apoptosis, namely morphological changes
taking place in the nucleus (DNA condensation of the
chromatin) and the endonucleolytical cleavage of the
chromatin (DNA fragmentation), were examined in tu-
mor cells and T-cells simultaneously. This made it pos-
sible to measure the successful attack of T-cells in tumor
cells and the counterattack of the tumor cells, which
caused the induction of apoptosis in T-cells. Based on
these measurements, different apoptotic indices (AI)
were calculated for tumor cells and T-cells and corre-
lated with clinical data such as for metastasis.

Materials and methods

Tissue

Tissue samples obtained from 33 patients with 16 embryonal cell
carcinoma (ten metastasized, six non-metastasized) and 17 mixed
cell tumors (eight metastasized, nine non-metastasized) containing
tissue of different origin (predominantly seminoma, chorion and
embryonal cells) were examined (Table 1). More than 80% of the
patients were between 20-30 years of age at the time of the oper-
ation. Most tumors were characterized by a T1 tumor size and a
lymph node status ranging between NO and N2 (Table 1). The cases
were selected from the files of diagnosed surgical specimens of the
Department of Pathology, Federal Armed Forces Hospital, Ulm,
Germany. Informed consent was obtained from all patients. Tis-
sues were fixed in 4% buffered formalin paraffine-embedded and
processed by standard methods. Consecutive sections (5 um) were
mounted on coated slides (Superfrost/Plus, Menzel Gldser, Mu-
nich, Germany). One section was processed for the immunological
in situ end labeling (ISEL) of DNA fragments. On the same slide,
tumor-infiltrating T-cells, as well as the nuclei, were visualized
using immunofluorescence microscopy. Under the guidance of
an experienced pathologist, a second section was stained with
hematoxyline eosin to define the tumor region.

In situ end labeling (ISEL), T-cell detection
and DNA counterstain

After deparaffination and rehydration, tissue sections were heated
three times in citrate buffer in a common microwave oven (Fa.
Bauknecht, Schondorf, Germany) at 900W for 8 min, 620 W for
6 min and 900 W for 4 min to facilitate antigen retrieval. After
washing with water (twice) and phosphate buffered saline (once),
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Table 1 Characteristics of the patients and their tumors

# Age Histology Metastasis TNM stage
1 38 ECC - pT1cNOMO
2 33 ECC pT1pNOMO
3 30 ECC - pT1pNOMO
4 20 ECC - pT1cNOMO
5 21 ECC - pT1cNOMO
6 21 ECC - pT1cNOMO
7 21 ECC + pT1pN1IMO
8 24 ECC + PT1pNIMO
9 21 ECC + pT1pN1IMO
10 25 ECC + pT1cNIMO
11 24 ECC + pT1pN2M1
12 53 ECC + pT1cNOM1
13 32 ECC + pT1pNIMO
14 24 ECC + pT1pN2MO
15 21 ECC + pT1pNIMO
16 21 ECC + pT1cNOM1
17 19 ECC+CC - pT1pNOMO
18 31 Sem + ECC - pT2pNOMO
19 29 Sem + ECC - pT2pNOMO

20 25 ECC + Ter + YST - pT1pNOMO

21 29 ECC + CC + Ter + YST - pT3NOMO

22 42 ECC + YST - pT1pNOMO

23 27 ECC + Ter - pTINOMO

24 25 Sem + ECC + Ter + YST - pT1pNOMO

25 29  Sem + ECC + CC + Ter - pT1pNOMO

26 23 ECC + YST + pT1pNIMO

27 22 Ter + ECC + pT1pN2MO

28 19 ECC + CC + YST + pT1pNIMO

29 22 ECC + YST + pT1pNIMO

30 22 ECC + YST + pT1pN2MO

31 25 ECC + Ter + CC + pT1pN2MO

32 23 ECC + Ter + YST + pT1pN1IMO

33 24 ECC + Ter + YST + pTIN2MO

ECC embryonal cell carcinoma, CC chorion carcinoma, Sem
seminoma, Ter teratoma, YST yolk sack tumor

the ApopTaqPuls Kit (Oncor, Appligene, Heidelberg, Germany)
was used for ISEL as published recently [1], but proteinase K
digestion was replaced by the microwave procedure as described
above. Finally, DNA fragments were labeled with an anti-digoxi-
genin FITC conjugate. The labeling of DNA fragments was com-
bined with the detection of T-cells using a CD45RO mouse primary
antibody (clone OPD4, Dako, Hamburg, Germany) which was
detected with a rabbit anti-mouse Cy3 conjugated secondary anti-
body (Dianova, Hamburg, Germany). In order to intensify the
signals, the staining of T-cells had to be repeated. The DNA-specific
dye 4’,6-diamidino-2-phenylindole (DAPI, final concentration was
1 pg/ml; Serva, Heidelberg, Germany) was added for examination
of the nucleus apoptosis morphology and incubated for 5 min.
Slides were washed three times with distilled water, dried at room
temperature and mounted in glycerol/paraphenylenediamine (PPD,
antifading drug; final concentration 1 mM, Aldrich, Steinheim,
Germany). The details of this triple immunofluorescence staining
procedure and the sequence of major steps are shown in Table 2.

HL-60 cells served as a positive control for ISEL. Irradiated
HL-60 cells (irradiation increases the apoptosis frequency) were
similarly treated, except that heating in the microwave oven was
omitted. For negative controls, consecutive sections of the tissues
examined were treated in the same way, but neither TdT enzyme
nor the primary antibody for T-cell detection were added to the
reaction mixtures on the slides. Optimization of the method (time
and power of the microwave treatment and comparison with dif-
ferent regimens of proteinase K digestion) was determined in a
cascade of preliminary experiments (not shown). Cells with an
FITC signal in the nucleus were considered to contain fragmented
DNA. Cells labeled with a red ring around the cells were considered
to represent T-cells.
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Table 2 Sequence of major

steps for the triple immuno- Detection of:

Labeling steps

fluorescence staining procedure
of DNA fragments, condensed

DNA-fragments

DNA-condensation  T-cells

chromatin and T-cells

1 TdTmix containing - -
digoxigenated nucleotids
and terminal transferase

[o MU, EE NNV 9]

Anti-digox. FITC

- Primary antibody
- Cy-3-conjugated sec. antibody
- Primary antibody
- Cy-3-conjugated sec. antibody
DAPI incubation -

Microscopic examination and definition of different apoptotic
indices (AI)

The slides were scored at 400-1000x with the aid of an epifluo-
rescence microscope (DM RB, Leica, Bensheim, Germany). A filter
block for DAPI excitation (excitation: 270—380 nm; emission: 410—
580 nm) enabled the detection of morphological changes in the
nucleus characteristic of apoptosis (DNA condensation). 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 detect apoptotic cells
characterized by DNA fragmentation caused by endonucleolytic
DNA cleavage. A further filter change for detection of Cy-3 signals
(excitation: 546-552 nm; emission 570 nm) made it possible to
discriminate between T-cells and the remaining population of cells
located in the tumor cell region.

With this procedure, apoptosis in two different cell populations
could be quantified using two different methods for apoptosis
detection. The following Als were defined for tumor cells as well as
T-cells:

1. Al representing the number of cells characterized by DNA
fragmentation only, Alpnafrae (detection: FITC signal only)

2. Al representing both DNA fragmentation and condensation,
Alfaggcond (detection: FITC signal as well as typical nucleus
morphology using DAPI)

3. Al representing the number of cells characterized by DNA
condensation only, Alpnacond (detection: no FITC signal, but
typical nucleus morphology shown with the aid of DAPI)

4. The sum of AlpNafrags AlDNAcond and Alfgggcond Was considered
to represent the total number of apoptotic cells (Aliptatapopt)

Statistics

In each testis tumor, 15 microscopic fields representing different
regions of the tumor were scored and then the mean values were
calculated. This amounts to 1750 &+ 570 examined cells. Descriptive
statistics was compiled using Sigma Plot 2000 (Jandel, Erkrath,
Germany). Significant levels were calculated with the t-test
employing Sigma Stat (Jandel, Erkrath, Germany). P values <0.05
were considered to reflect a statically significant difference.

Results

Comparison of AlpNafrag With Alpnacond independent
of cell type and tumor entity

When comparing Alpnafrag With Alpnacond Indepen-
dently of the cell type (tumor cells or T-cells) and
without considering the tumor entity in 81.6% of tissues
an Alpnafrag > AlpNacond Was found (Fig.1). An oppo-
site pattern (Alpnafrag <AlpNAcond) Was measured in

/ Al <Al AlDNAcond’AIDNAIrag
/ DMNAcond DMNAfrag

Al

| DnAcond

DMAfrag

\ /'

\ /

Fig. 1 The detection of apoptosis with two different methods leads
to similar results in 2.6% of the examined tissues (n=133). In most
cases (81.6%), more cells with fragmented chromatin (Alpnafrag)s
as opposed to condensed chromatin (Alpnacond), Were found. In
certain cases (10.5%), the number of cells with condensed
chromatin exceeded the number with fragmented chromatin. Als
could not be determined in 5.3% (data not shown)

10.5% of the tissues examined. An equal number of
apoptoses using both methods was detected in 2.6%.

Comparison of different Als measured
in both cell types with metastasis

Metastasized and non-metastasized tumors were pooled
without considering the tumor entity (n=233). From
these 33 tissues the mean of the different Als were cal-
culated. T-cells as well as tumor cells of metastasized
tumors showed a comparable distribution of different
Als (Fig. 2, left panel). A mean Alpnafag Oof 76 and
82% was found in T-cells and tumor cells, respectively.
The mean Alpnacond Was 13 and 10% in T-cells and
tumor cells, respectively. Both criteria for apoptosis
detection were found in 11 and 8% (mean values) of
T-cells and tumor cells, respectively.

In non-metastasized tumors a 10-20% lower
Alpnafrag Was found in both cell types when compared
with metastasized tumors. This was predominantly
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76% 67%
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Fig. 2 Comparison of three different Als (white slices: AlpNagrag,
black slices: AlpNacond, grey slices: AlpNafragscond) in metastasized
and non-metastasized T-cells and tumor cells of 33 tissue samples.
Als represent mean values of the examined tissues

caused by an increased number of Alpnacond- The mean
Alpnacond Was 30% in T-cells and 22% in tumor cells
(Fig. 2, right panel).

Comparison of different Als measured in both cell
types and different tumor entities with metastasis

Metastasized embryonal cell carcinoma (n=10) showed
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cells (Fig. 3, left panel), while a lower mean AlpNafrag Of
73 and 71% was found in T-cells and tumor cells of non-
metastasized embryonal cell carcinoma (n=6). Metas-
tasized T-cells and tumor cells of mixed cell carcinoma
(n=8) revealed a mean Alpnafag Of 82 and 80%.
However, lower mean Alpnafae Were found in non-
metastasized (n=9) T-cells (66%) and tumor cells (75%,
Fig. 3, right panel). In other words, even when taking
into account the tumor entity, a reduced mean number
(about 10%) of Alpnafag Were found in non-metasta-
sized compared with metastasized tumors (Fig. 3).
Again, this tendency appeared independently of the cell
type. As shown before, these changes were mainly
caused by an increased Alpnacond- INOn-metastasized
embryonal T-cells and tumor cells showed a mean
AlpNAcond Of 19% each, which contrasts with the mean
Alpnacond Of 0.5 and 3% measured in metastasized
embryonal T-cells and tumor cells. Likewise, T-cells and
tumor cells of non-metastasized mixed cell carcinomas
showed a mean Alpnacond Of 32 and 17%, while a mean
Alpnacond Of 13 and 12% was measured in T-cells and
tumor cells of metastasized mixed cell carcinomas.

Comparison of mean and SD of different Als
measured in both cell types with metastasis

The mean and SD of four different Als (AlpNAfrags
AIDNAconda AIDNAfrag&cond and AItotalapopt) measured in
T-cells and tumor cells separately were compared with
metastasis for the purpose of calculating statistically
significant differences. In none of the cases was a sig-
nificant difference calculated (p values typically ranged
between 0.58 and 0.91, only Al 3 and AI7 revealed lower
p values but not statistically significant differences
[p=0.11]) due to >100% interindividual differences in
the Als measured (Fig. 4). In detail, the mean of
AlpNAfrag for metastasized T-cells (14.7% £21.3) was
higher compared with non-metastasized T-cells (10.9%
+17.5). The same was found for Aligajapopt (Metasta-

a mean Alpnafrae Of 88 and 93% in T-cells and tumor

Fig. 3 Comparison of three
different Als (white: AlpNAfrags
black: AIDNAcondv grey:
AIDNAt’rag&cond) separately
measured in metastasized and
non-metastasized tissues of
embryonal and mixed cell
carcinoma origin. The
percentages and slices represent
the corresponding mean values
of Als of T-cells and tumor cells

sized T-cells: 15.7% +21.1 and non-metastasized
Embryonal cell carcinoma Mixed cell carcinoma
metastasized non-metastasized metastasized non-metastasized
T-cells T-cells
B
88% 73% 2% 66%
0,5%
12% w
8% 3
2%
tumor cells tumor cells
93% 71% 80% 75%
———y
4 E
10% 8%



32

Fig. 4 Comparison of mean
values and SD values of
different Als in T-cells

(1 AIDNAfrag’ 2 AIDNAl‘rag&conds
3 AIDNAconda 4 Allotalapopl) and
tumor cells (5 AlpNafrag,

6 AlpNAfrag&conds 7 AlbNAconds
8 Aljoalapopt) Of metastasized
and non-metastasized tumors
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Fig. 5 Comparison of the
distribution of the individual o
Als of tumor tissues. The
distribution of metastasized and
non-metastasized Als of T-cells
(1 AIDNAfrags 2 AIDNAfrag&conds
3 AIDNAconds 4 AIlolalapopl) and
tumor cells (5 AlpNafrag,

6 AIDNAfrag&condy 7 AIDNAconda
8 Alotatapopt) Was compared.
The horizontal dotted white line
indicates the interval up to
which 99.99% (SDx4) of

metastasized Al values were 2 5 s
distributed. Non-metastasized
Al values lying beyond that line
were assumed to represent Al
values lying outside the
distribution of metastasized Als
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T-cells: 14.0% +£19.7). Comparable mean values for
AlpNAfrag&cond Were found in metastasized and non-
metastasized T-cells (0.5% =+0.9 versus 0.7% =£2.8).
Decreased mean values of Alpnacona Were found in
metastasized compared with non-metastasized T-cells
(0.6% =£1.2 as opposed to 2.3% =£4.8).

Tumor cells revealed comparable results. However,
the mean of Alpnafag for metastasized tumor cells
(9.5% +£12.8) was comparable to non-metastasized
tumor cells (9.0% = 12.4). The same could be found for
AlpNAfrag&geond (metastasized tumor cells: 0.6% +0.7
and non-metastasized tumor cells: 0.7% =£1.1). De-
creased mean values of Alpnacona Were found in me-
tastasized compared with non-metastasized tumor cells
(0.7% =£0.8 versus 1.8% =+2.5). The same was found for
Aljoatapopt (metastasized tumor cells: 10.8% +£12.7;
non-metastasized tumor cells: 11.5% =£12.6).

3 4 5 5] 7 8
+ - + - + - + - +

tumor cells

Comparison of individual tumor Als measured
in both cell types with metastasis

Individual Als, but not mean values, of T-cells and tu-
mor cells measured in different tumors (tumor entity not
considered) were compared with regard to metastasis
(Fig. 5). This procedure made it possible to search for
tumor values lying outside the assumed Gaussian dis-
tribution. The horizontal dotted white line indicates the
interval up to which 99.99% (SDx4) of metastasized Al
values were distributed. Non-metastasized Al values
lying beyond that line were assumed to represent Al
values lying outside the distribution of metastasized Als.
By and large, no differences in the individual AT distri-
bution of metastasized and non-metastasized tumors
could be found (T-CCHS: AIDNAfraga AIDNAfrag&Cond and
AItotalapopt; tumor cells: AIDNAfrag and AItotalapopt)-



However, in T-cells two non-metastasized tumors
showed Alpnacona (11.0 and 16.7%), which consider-
ably exceeded the 99.99% interval of 5% (Fig. 5, Al 3).
The same could be shown for one tumor in Al 6 (tumor
Al: 3.7%, 99.99%-interval: 3.2%) and three tumors in
Al 7 (tumor AI: 9.0%, 5.5% and 3.9%, 99.99% interval:
3.5%).

Furthermore, the height of Als of T-cells relative to
the corresponding Als of tumor cells was correlated with
metastasis, which produced ratios as shown in Fig. 6.
Again, a horizontal dotted dark grey line was defined,
which indicates the interval up to which 99.99% (SDx4)
of non-metastasized Al ratios were distributed. Al ratios
of metastasized tumors lying beyond that line were as-
sumed to represent Al ratios lying outside the distribu-
tion of non-metastasized tumors. Only one Al ratio (Al
ratio 3/7) showed a comparable distribution of individ-
ual AI ratios of metastasized and non-metastasized tu-
mors. The other five Al ratios revealed increased Al
ratios, but always and only for metastasized tumors (Al
1/5 tumor: 24.8%, 99.99% interval: 11.0%; Al 2/6 tu-
mors: 5.5%, 37.3%, 99.99% interval: 3.7%; Al 4/8 tu-
mor: 24.8%, 99.99% interval: 5.2%; AI[l+2]/[5+ 6]
tumor: 20.5%, 99.99% interval: 10.2%; AI [2+ 3]/[6 + 7]
tumor: 16.8%, 99.99% interval: 3.8%). The same anal-
ysis was repeated, but with the tumor entity being taken
into account. The results are summarized in Table 3.

Fig. 6 The distribution of metastasized and non-metastasized
ratios calculated from different Als of T-cells with the correspond-
ing Als of tumor cells was compared. A horizontal dotted dark grey
line was defined, which indicates the interval up to which 99.99%
(SDx4) of non-metastasized Al ratios were distributed. Al ratios of
metastasized tumors lying beyond that line were assumed to
represent Al ratios lying outside the distribution of non-metasta-
sized tumors. Ratios of corresponding Als from T-cells and tumor
cells were calculated with the Als defined as follows: T-cells (first
number in parenthesis) and tumor cells (second number in
parentheSis): 1/5 AIDNAfraga 2/6 AIDNAﬁ'ag&condﬂ 3/7 AlDNAcunda
4/8 Aligratapopt- In a few cases with Als of 0%, these numbers were
set at 0.1% (represents the average spontaneous apoptosis
frequency measured in normal testis tissue) in order to calculate
defined ratios
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Table 3 List of tumors with Als lying outside the 99.99% interval
of metastasized or non-metastasized tumors. The second column
gives the number of Als per tumor which showed differences from
the 99.99% interval. For instance, tumor 11 showed only one Al
with a value lying outside the 99.99% interval, while tumor 9
showed differences lying over the 99.99% interval for three differ-
ent Als. The left side of the table shows tumors with Als lying
outside the 99.99% interval without consideration of the tumor
entity, which, however, is taken into account on the right side of the
table

Without consideration
of tumor entity

Considering tumor entity:

EZ MZ

Tumor # # Al Tumor # # Al Tumor # # Al
11 1 5 1 23 1
24 1 9 1 36 1

2 2 2 2 38 1
13 2 6 2 24 3

6 3 12 3 - -

9 3 17 3 - -

Without consideration of the tumor entity, six out of
33 tumors showed AI values and/or Al ratios lying
outside the 99.99% interval for one, two or three Als
(for details see Table 3). When taking into account the
tumor entity, as many as ten out of 33 tumors revealed
Al values and/or Al ratios lying outside the 99.99%
interval (summarized data shown in Table 3).

Discussion

Originally, apoptosis was defined on the basis of char-
acteristic morphological features (e.g., DNA condensa-
tion along the nucleus membrane). Later, apoptosis
became linked to certain processes of DNA cleavage.
However, in vitro data suggested a discrepancy in the
number of cells showing either apoptosis morphology or
endonucleolytical DNA fragmentation [6, 17]. Only
few in vivo data exist which deal with that question.
Recently published data confirmed these earlier in vitro
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findings [1, 22]. The data shown here are in agreement
with earlier findings, but examined on a different and
larger cohort of tumors. Only a minority of testis tumors
revealed comparable values of AlpNafrae and AlpNAcond
(2.6%, Fig. 1). Usually, AlpNafrag €xceeded the value of
Alpnacond (81.6%). But in 10.5% of the tissues exam-
ined, a reverse pattern evolved. These findings highlight
the fact that measurements of apoptosis depend rather
on the method used. These data help to explain the
differences in the judgment of apoptosis significance for
diagnostic, therapeutic and prognostic purposes [2, 9,
16, 24, 27, 7].

When examining the different Als, it became evident
that non-metastasized tumors revealed a lower number
of AlpNafrag (= 10%) compared with metastasized tu-
mors (Fig. 2). Interestingly, this difference was inde-
pendent of the cell type and the tumor entity examined
(Fig. 3). However, comparison of mean values of the
Als showed no significant differences with regard to the
metastasis status (Fig. 4). This was attributable to large
interindividual differences of the Als calculated (Fig. 4).
One could assume that these interindividual differences
relate to tissue components of different origin in the
mixed tumors. Nevertheless, the data shown above ar-
gue against that interpretation because the differences
measured were independent of the cell type and the tu-
mor entity measured. Moreover, when bearing in mind
that Als of tissue from one origin (embryonal cell car-
cinoma) reveal an interindividual difference which is
comparable to that found in mixed tumors (data not
shown), it is more likely that these differences refer to
interindividual differences, but are less influenced by the
tissue components of mixed tumors. This could be
caused, for example, by bystander effects known to play
an important role in the tumour response to ionizing
radiation. Furthermore, our newest gene expression
profiling data (submitted for publication) suggest that
seminoma and non-seminoma from the gene expression
point of view behave like “‘mirror images,” irrespective
of the origin of the non-seminoma. This suggests that,
from the genetic point of view, histological criteria are of
minor importance. Since apoptosis is known to be reg-
ulated at the gene expression level, it is presumably more
important to consider the individual data, as done in
these examinations.

The discrepancy between the data shown above
prompted us to examine the distribution of the Als
measured in each individual tissue (Figs. 5 and 6). Based
on the Als measured, their distribution in metastasized
and non-metastasized tumors was compared and an
interval which contains 99.99% (SDx4) of all values was
calculated. Certain tumors showed Als lying several
times above this interval (for details, see Figs. 5 and 6).
It is interesting to note that all these tumors revealed two
characteristics: (1) non-metastasized tumor cells and T-
cells showed higher Als compared with metastasized
tumors, and (2) All metastasized tumors of this group
revealed 5 to 25-fold higher Als of T-cells relative to the
corresponding Als of the tumor cells (Fig. 6). These

characteristics were independent of the tumor entity and
could be shown for six out of 33 tumors without con-
sidering the tumor entity. This number increased (ten
out of 33 tumors) when taking into account the tumor
entity (Table 3).

It is hypothesized that a selection in favor of the
apoptosis-resistant phenotype takes place during
tumorigenesis [4, 27, 21], which is shown in certain
models [8, 10, 14, 18, 19, 25, 32]. Increased Als [3, 28] or
unchanged Als [15] were found in a small number of
models, thus supporting the hypothesis described above.
Assuming that tumor progression to a metastatic state
represents a further stage in tumorigenesis, the increased
Als found in a fraction of presumably less-developed
non-metastasized tumor cells, as well as T-cells, could be
explained.

Furthermore, we show here for the first time that
metastasized tumors revealed a several-fold increase of
Als of T-cells compared with the corresponding Als of
the tumor cells. This could be interpreted as a successful
counterattack of tumor cells, thus reducing the immu-
nological attack of the organism but supporting the
process of metastasis. The mechanism with which tumor
cells counterattack lymphocytes has been investigated by
different groups using different models. For instance,
colon cancer cells could induce apoptosis in lymphocytes
through the Fas system [33] and lymphocytes could in-
duce apoptosis in cancer cells through the Fas system as
well [5]. Although the Fas system appears of importance
[25], especially in testis tumors, the absence of the Fas
system’s involvement in the counterattack of tumor cells
and the attack through lymphocytes has been demon-
strated [23]. An involvement of bax in apoptotic pro-
cesses taking place in seminoma has been shown recently
[34]. Whether this might explain our data has to be
examined. Hence, the mechanism underlying our data
presented here remains to be resolved.

Based on these findings, a tool for predicting metas-
tasis could be developed. Table 3 depicts the number of
Als lying outside the 99.99% interval per individual
tumor. For instance, seven tumors showed Als lying
outside the 99.99% interval for only one AI (Table 3).
Depending on the robustness of the tool, the number of
Als lying outside the 99.99% interval per individual
tumor has to be defined. In other words, five out of 33
tumors (15.2%) could be detected provided two or three
Als lying outside the 99.99% interval per tumor were
considered (Table 3). Again, the majority of tumors
characterized by a low apoptotic activity—probably due
to development into an apoptosis-resistant pheno-
type—will not be detected by this method.

In summary, the Als measured with different meth-
ods in vivo led in most cases to highly different results,
which explains differences in the assessment of apoptosis
significance for tumor prognosis. With regard to
tumorigenesis, a fraction of non-metastasized testis tu-
mors was characterized by higher Als of tumor cells and
T-cells compared with metastasized tumors, which could
be interpreted as a characteristic of tumors in an earlier



stage of their development. We show here for the first
time 5 to 25-fold higher Als of T-cells relative to tumor
cells of metastasized tumors, which suggests a successful
counterattack of tumor cells, thus supporting the pro-
cess of metastasis. However, only ten out of 33 tumors
revealed these changes of Al, which again highlights the
fact that tumor biology cannot be predicted by a single
parametric approach. It remains to be shown whether
these characteristics might be suitable for a reliable
prediction of metastasis. Furthermore, it must be shown
whether these measurements can be confirmed using a
larger cohort of biopsies.
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