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Summary.-Cytogenetic data on 103 seminomata and malignant teratomata of the
testis from the literature and (partly in the form of DNA measurements) from this
laboratory show that modal chromosome numbers are generally 50 or more. The
only exceptions were 2 seminomata in which diploid and pseudodiploid karyotypes
respectively were found, but the dividing cells may not have been tumour cells.
Malignant tumours of the testis thus differ from those of all other sites (including
the ovary) that have been studied sufficiently, where hypodiploid tumours are
common. The reason for this difference is unknown. Mechanisms whereby high
chromosome numbers, particularly the near-triploid numbers commonly found in
testicular tumours, may be achieved are discussed briefly.

A RECENT review of modal chromosome
numbers and DNA values of malignant
tumours in man (Atkin, 1973a) has shown
that at most sites the tumours tend to
fall into 2 groups, a near-diploid group,
often in the majority, and a group centred
in the hypertriploid or hypotetraploid
region. Chromosome counts usually reveal
that a substantial proportion of tumours
in the near-diploid group are hypodiploid.
However, tumours of the testis were
noteworthy in that most tumours had
modes in the hypotriploid region or above,
and there was a deficiency of tumours at
or below the diploid level. The purpose of
this communication is to summarize and
discuss the available data on the modal
chromosome numbers and DNA values of
seminomata and malignant teratomata of
the testis.

RESULTS AND COMMENT

Data from other laboratories and
previously published data from this labora-
tory on chromosome numbers are shown
in Table I, and new data from this
laboratory, mainly in the form of Feulgen-
DNA measurements, in Table II (equiva-
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lent modal chromosome numbers have
been estimated from the DNA contents of
interphase cells as previously described
(Atkin, Mattinson and Baker, 1966); the
measurements were made on smears or,
where indicated, on 50 ,am Feulgen-stained
sections (Atkin, 1971b)).

Altogether, 103 tumours (49 semino-
mata, 43 teratomata and 11 combined
teratomata and seminomata) have been
studied. Although the data on teratomata
in Table II relate to malignant epithelial
cells, mesodermal and endodermal cells
were generally found to have modal DNA
values close to those of the epithelial cells
from the same tumour. Apart from 2
seminomata with modal chromosome num-
bers of 46 (see below), all the tumours have
actual or equivalent modal chromosome
numbers of 50 or more. (It is unlikely
that the estimates of modal chromosome
numbers based on DNA data are out by
more than 10%0 (Atkin et al., 1966).)

The 2 seminomata which were reported
to have modal chromosome numbers of
46 (Table I) include a secondary seminoma
described by Martineau (1968, 1969).
This was a scrotal recurrence following
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radiotherapy; only a few cells could be
counted or karyotyped but of 6 cells with
46 chromosomes that were karyotyped,
one was diploid while the others were

abnormal with similar karyotypes which
included 2 markers. In retrospect, a

possible interpretation was that the
pseudodiploid cells were a clone of stromal
cells with a rearranged karyotype due to
the post-orchidectomy radiation treat-
ment (Martineau, personal communica-
tion). In the primary seminoma described

by Miles (1967), all 5 metaphases analysed
were diploid. Miles comments that al-
though there was a significant mitotic rate
among the tumour cells, " the presence of
dividing cells among the infiltrating lym-
phocytes makes it difficult to rule out
completely the possibility that all dividing
cells analysed were in fact benign ".

The predilection ofmalignant testicular
tumours for modal chromosome numbers
in the hypotriploid region or above, and
conversely the absence of hypodiploid

TABLE I. Summary of Data on Chromosome Numbers of 74 Malignant Testicular
Tumours, Comprising Published Data on 65 Tumours and Unpublished Data (Dr
Mary Martineau) on 9 Tumours

Authors
Atkin & Baker (1966)
Fischer & Golob (1967)
Galton et al. (1966)

Lelikova et al. (1970)

Lelikova et al. (1971)

Martineau (1968, 1969)

Martineau (unpublished
data)

Miles (1967)

Quiroz-Gutierrez et al.
(1968)

Rigby (1968)

Type of tumour
(primary, unless
otherwise stated)

Seminoma
Seminoma
Teratoma

Teratoma
Combined teratoma and
and seminoma

Seminoma

Seminoma

Seminoma (secondary)
Teratoma

Teratoma (secondary)
Combined teratoma and
seminoma

Seminoma
Teratoma

Combined teratoma and
seminoma

Seminoma
Seminoma (secondary)

Teratoma
Seminoma

Seminoma
Teratoma

Number
of

tumours

1

6

4
1

Modal chromosome
numbers or ranges

60-63
54-56
53 and 110, 56, 61,

64, 111, 111

53-54, 58-65, 60, 63
67-68

18 60-61, 60-64, 61-62,
65 and 67, 66-67,
66-68, 67-69, 69, 69,
69-71, 77 and 80,
83-85, 84-101, 90,
91-93, 107-108, 137,
115-138

9 64, 67, 69, 74, 78, 84,
87, 94, 156

1 (46)
7 Modes within the

range of 53-65
1 "Hypotetraploid'
6 58, 60 and 68, 64, 69,

72, 124
2 76-80, 87-94
3 Modes within the

range of 58-67
2 70-80, 90-114
2 50-65 and 90-lIO,

106-115
1 (46) See
1 71-77 Pre

w

63

3 61, 68, 7
3 52, 58, 5

Comments

See text

text
,vious treatment
vith chlorambucil

Most counts were

hyperdiploid (48-64)
or hypertetraploid
(102-109)

7 Four cases (No. 2, 3,
8 9 and 10) in Rigby's

series have not been
included since the
same tumours were

studied by
Martineau (1969)
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TABLE II. Modal Chromosome Numbers of 29 MIalignant Testicular Tumours, Including
Nunubers Estimated from Mlicrospectrophotometric Data on Interphase Cells (Pre-
viously Unpublished Data from this Laboratory); Sex Chromatin and Y Bodies Per
Nucleus are Also Shown. The Data from the Teratomata were Obtained on Malignant
Epithelial Cells

Type of tumour
(primary, unless
otherwise stated)

Seminoma

Teratoma

Teratoma
(secondary)

Combined
teratoma and
seminoma

r

Age

43
36
51
48

57
41
29
42
37
24

30
30
23
30
21
31
26
30
42
48

29
32
30
1 )
57

Modal
chromosome
number or

range

60-65
62

104
108

57
60
SS08
63

Equivalent modal chromosome
number based on DNA measure-
ments (s = DNA estimations

made on thick (50 ,m) sections
(Atkin, 1971b))

52s
59
62
72
76s
82s
84
88
100
103
120
5Os

54
57
58
59
59
60
61
66
77s
89s

106S
65
66s

112
65
72

Sex chromatin
bodies per Y bodies
nucleus per nucleus

0 2
0 2
0 2

1
1

1

0
0
0
0
0

0
1
1
0

1
2

1

0

1

1

or 2
or 2
2

or 2
2

0
1
1
1
1
1
2

1

1
1

modes, would appear to indicate preferred
pathways of chromosomal evolution ac-
companying malignancy in this organ
which tend to differ from those in other
organs such as the ovary (Atkin, 1971a).
The reason for this is at present unknown
but one might speculate, that the
different pathways imply different aetio-
logical agents; a relationship between the
inducing agent (viral or chemical) and the
pathway of chromosomal progression has
indeed been demonstrated for some ex-
perimental animal tumours (Mitelman
et al., 1972).

As pointed out by Martineau (1969),
seminomata tend to have higher chromo-
some numbers than teratomata. It can
be seen from Tables I and II that very

few of the seminomata have modes of
less than 60 and that while the maximum
concentration is in the range of 60-69
there is an appreciable number with
higher modes. Among malignant terato-
mata, however, modes of 50-59 and,
slightly less frequently, 60-69 are common
and only a few tumours have higher
modes.

The chromosome complements of
tumours are probably the outcome of a
series of events (Atkin, 1973a). Chromo-
some numbers in the triploid region may
be achieved by repeated non-disjunctions.
Alternatively, they might be achieved
by a combination of a complete doubling
of the complement by endoreduplication
(or some other mechanism which results
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in polyploidization) and chromosomal
loss, not necessarily in that order. One
possibility is that testicular tumours,
which are often near-triploid, in fact
commonly arise from triploid rather than
diploid (or haploid?) cells. Such might be
the case were the tumours to arise from
chromosomally abnormal, triploid, twins.
The view that teratomata, in particular,
may represent (or arise from) included
or suppressed twins has long been held
although it would appear to have fallen
out of favour (Pugh and Smith, 1964).

Near-triploid complements might also
result from a process of " triploidization "
involving duplication of a haploid or near-
haploid set in a diploid or near-diploid cell
(Atkin, 1973a); that such a process can
occur is suggested by the occurrence of
sporadic triploid cells in cultures of
normal lymphocytes and fibroblasts
(Pawlowitzki and Cenani, 1967) and the
finding of a near-triploid cell, which could
have arisen from a pseudodiploid cell by
duplication of a haploid set, in a patient
with chronic myeloid leukaemia and
lymphadenopathy (de Nava et al., 1969).

In contrast to the findings on malig-
nant teratomata, DNA measurements on
a presumably benign (i.e. differentiated)
testicular teratoma (material kindly pro-
vided by Dr C. C. Rigby) showed that all
elements had modes compatible with a
diploid chromosome complement.

Two of the seminomata, having modal
DNA values equivalent to 52 and 82
chromosomes respectively, were of the
spermatocytic variety; it has been sug-
gested that this type of seminoma arises
from spermatocytes, a view which however
is not generally held (Thackray, 1964) and
which is not supported, though, not
disproved, by the high modal DNA values.

The present findings do not throw any
obvious light on the problem of the
presence of sex chromatin in many
testicular teratomata (seminomata, on the
other hand, uniformly lack sex chromatin).
As might be expected from their raised
chromosome numbers, testicular terato-
mata occasionally show double sex chroma-

tin (Table II). Y bodies were seen in most
teratomata and seminomata, but whereas
they were usually single in teratomata and
combined teratomata and seminomata,
double bodies were seen in most semino-
mata (Table II; Atkin, 1973b).
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Dr Mary Martineau for her interest and
assistance. The assistance of Miss Marion
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