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Supernumerary Chromosome 1 in Interphase
Nuclei of Atypical Germ Cells in Paraffin-
Embedded Human Seminiferous Tubules
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FRIDOLIN BANNWART

Institute of Pathology, University of Zurich, University Hospital, CH-8091 Zurich and Institute
of Pathology, Stadtspital, Triemli, CH-8063 Zurich, Switzerland and Institute of Human Genetics
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The so-called atypical germ cells or cells of carcinoma in situ morphologically resemble neoplastic
cells in seminoma. Since seminomas show numerical aberrations of chromosome 1 we have used a
DNA probe specific for chromosome region 1q12 to determine whether such aberrations can be
detected in atypical germ cell nuclei in paraffin-embedded seminiferous tubules as well. One-third
of intratubular nuclei, containing atypical germ cells, consistently showed three hybridization
signals in contrast to two signals regularly observed in normal intestine and in spermatogonia. We
thus show that cytogenetic studies of precancerous cells can be performed directly on the tissue

where these cells originate.

Additional key words: Human precancerous testicular germ cells, In situ hybridization, Paraffin

sections.

Experimental data from animal tumors and from anal-
yses of human teratocarcinoma-derived cell lines suggest
that the crucial event in the formation of testicular germ
cell tumors is preceeded by the activation of premeiotic
germ cells in the seminiferous tubules or in dysgeneic
gonads (8). Such activated germ cells, representing stem
cells for all kinds of seminomatous and nonseminoma-
tous tumors, are described as atypical germ cells (AGCs,
21) or as cells of carcinoma in situ or gonocytoma in situ,
respectively (27). Some authors have proposed that these
cells require a second hit to transform the in situ carci-
noma into an invasive neoplasm (9). The potential of
AGCs to develop into manifestly malignant cells is high,
for nearly all patients with such diagnoses will progress
into invasive cancer if orchiectomy is not performed (2,
26, 28). AGCs resemble cells of classical seminoma mor-
phologically (25). Furthermore, similar to seminoma
AGCs produce human placental-like alkaline phospha-
tase (13, 15) and show hypotetraploid DNA contents
(19). Cytogenetic and DNA flow cytometric studies have
shown that cells of seminoma and teratocarcinoma, re-
spectively, have an aneuploid number of chromosomes
(1, 10, 20, 22, 27). In cytogenetic preparations of a
testicular biopsy from a patient with AGCs, nine mitotic
cells were found with numerical and structural chromo-
some anomalies (17).

For better characterization of early steps in tumori-
genesis it is essential to obtain more information about

specific chromosome aberrations present in AGCs. In-
terphase cytogenetics (6, 14) provides a new tool to
investigate specific chromosome changes in interphase
nuclei in paraffin-embedded tissue sections (11) and
eliminates the need for mitotic cells that are indispen-
sable for conventional cytogenetic analyses (7). Both
chromosomes 1 and 2 contain the gene loci for alkaline
phosphatase isozymes. Recently, we noted overexpres-
sion of these isozymes in both seminiferous tubules with
AGCs and seminoma cells (13). If these particular chro-
mosomes can be detected in higher numbers in such cells
than in normal diploid elements, one could expect en-
hanced number of copies of the respective genes. Our
previous investigations showed an increased number of
chromosome 1 in seminoma and nonseminomatous germ
cell tumors (10).

Using in situ hybridization of a DNA probe specific
for chromosome region 1q12 (5), we could detect numer-
ical chromosomal aberrations in interphase nuclei of
these precancerous cells in paraffin sections from sur-
gical specimens. Further data suggest that this method
could be used to improve the yield of data from biopsies.

EXPERIMENTAL DESIGN

Based on our previous experiments with xenotrans-
plantable human testicular tumors and related cell lines
(11), we applied interphase cytogenetics to surgical spec-
imens. This was performed on 6-um serial sections with
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phosphate-buffered 4% formaldehyde and embedded in
paraffin. Sections were hybridized with a biotinylated
DNA probe for 1q12 (5) that was visualized by a peroxi-
dase reaction.

RESULTS AND DISCUSSION

HisToLOGY OF SEMINIFEROUS TUBULES WITH
AGCs

Seminiferous tubules adjacent to a tumor showed var-
ious alterations. Lumina of most tubules, some of them
being fibrotic, showed AGCs, Sertoli cells, and occasion-
ally lymphocytic infiltrations. AGCs were clearly recog-
nizable by their increased cell and nuclear size and a
particularly bright cytoplasm (Fig. 1). Many spermato-
gonia in areas with at least partial spermatogenesis were
found to be binucleated (Fig. 2).

HYBRIDIZED PARAFFIN SECTIONS

After hybridization treatment, sections were still well pre-
served. Occasionally, however, delicate elements, such as AGCs
or cells of seminoma, displayed disruptures of the cell mem-
brane and/or the cytoplasm. Small intestine mucosa served as
normal control and displayed predominantly two spots per cell
nucleus (11). The number of chromosome 1ql2-targets was
aberrant in neoplastic interphase nuclei in sections from both
seminoma and teratocarcinoma (Fig. 3). In consecutive sections
through seminiferous tubules, interphase nuclei with one, two,
three, and four hybridization spots were clearly recognizable
(Fig. 4). In 34% of 372 intratubular nuclei analyzed, three spots
were found. In 41% two spots and in 24% one spot were noted
in nuclei. Four nuclei presented four signals each. In contrast,
nuclei with three signals could not be detected in tubuli with
normal seminiferous epithelium from patient 2; 121 out of 196
nuclei (62%) were counted with two spots, and 75 (38%) showed
only one signal (Table 1). An area with normal spermatogenesis
is presented in Figure 5. Spermatogonia showed two spots per
nucleus, whereas spermatids only presented one signal. Nuclei
from spermatids, being similarly opaque to sperm heads, did

Fi1G. 1. Seminiferous tubule with impaired spermatogenesis con-
taining AGCs (arrow) within a pathologically thickened tubular wall.
S, extratubular areas with seminoma cells. Paraffin embedded, hema-
toxylin and eosin. X252.
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FIG. 2. Binucleated spermatogonium (arrow) within germinal epi-

thelium of a patient with a seminoma. This cell borders tunica propria

(TP) and a Sertoli cell (S). Embedded in Kulzer Technovit, hematox-

ylin and eosin, Nomarski-contrast. X1100.

F1G. 3. Area of seminoma (A ) adjacent to seminiferous tubules with
AGQCs. B, differentiated part (cartilage) of teratocarcinoma of the same
patient. Nuclei in A and B present both two and three spots, indicating
chromosome 1. Stained with Mayers hematoxylin. X1200.

not yield a detectable hybridization signal, probably indicating
insufficient probe penetration in these cells.

Numerical aberrations, i.e., gains or losses of whole chro-
mosomes often together with polyploidization events, are the
most consistent and probably earliest gross chromosomal ab-
normalities of malignant human gliomas (3). Similar to malig-
nant gliomas, germ cell tumors show higher than diploid chro-
mosome numbers, indicating the importance of abnormal chro-
mosome segregation events in these tumors as well. Similarly
to the data presented by Oosterhuis (22) using DNA flow
cytometry our earlier chromosomal analysis suggests that the
higher metastatic potential of nonseminomatous tumors is
correlated with a range of 55 and 65 chromosomes, whereas
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seminomas have generally higher numbers of chromosomes
(70-80) (1, 10, 29).

Boveri (4) was the first to predict that segregational errors
during mitosis might contribute to tumor formation from single
somatic cells. Recent investigations have extended Boveri’s
early concept to the molecular level and indicated that the loss
of certain chromosomes or chromosome segments may unmask
recessive mutations at specific loci (12). Conversely, the gain
of specific chromosome segments may contribute to the over-
expression of dominantly acting tumor-related genes located
within these segments, including oncogenes. Similarly, as dem-
onstrated by isoelectric focusing, we found overexpression of
the four isozymes of the alkaline phosphatase in germinal
epithelium with AGCs and in seminoma, compared with normal
tissues and those of nonseminomatous germ cell tumors (13).
The genes for these isozymes are located on chromosomes 1

S B

F1G. 4. Seminiferous tubule with AGCs. Nuclei present one, two,
three, and four spots, localizing hybridized chromosomes 1. B is a
consecutive section through the same area in A (arrow), which is
magnified in C. Note typical arrangement of cliromosomes in nuclei
indicated by small arrows. In B, one chromosome was found in a
particular nucleus, whereas in C two spots were detected within the
consecutive section of the same nucleus. Cell membranes are partially
damaged by the hybridization treatment. Stained with Mayers hema-
toxylin. A X390, B and C X890.
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and 2. Whether overexpression of alkaline phosphatase iso-
zymes is directly related to the number of one or both of these
chromosomes is not yet clear.

If one speculates that seminoma can progress into nonsem-
inomatous tumors, as suggested by Monaghan and Raghavan
(18, 23) and very recently by Oosterhuis (22), this transition
should be accompanied by a loss of part of the hypertriploid
genome. Considering the high chromosome numbers typical of
seminoma and the lower numbers generally found in nonsem-
inoma (1, 10, 29) one might expect further activation through
loss of chromosomes during progression to highly metastatic
forms. In addition to numerical aberrations structural chro-
mosome aberrations are likely to play an important but even
less understood role in these types of tumors.

METHODS

TISSUE PREPARATION FOR MORPHOLOGY AND IN SITU
HYBRIDIZATION

Seminiferous epithelium from five patients with a testicular
tumor (one seminoma, one teratocarcinoma with prominent
portions of seminoma, and three teratocarcinoma without parts
of seminoma) and normal intestinal tissue from ariother patient
were fixed conventionally with 4% formaldehyde in phosphate
buffer for 5 hours. The latter tissue served as a diploid somatic
tissue control. For structural controls, 3-um sections were
produced and others of 6 um were prepared for in situ hybrid-
ization by attaching them onto microscope slides pretreated by
aminoalkylsilane (24). To allow histological analyses of entire
nucleic areas, series of two or three consecutive sections per
optical slide were prepared, and identical areas were photo-
graphed. In addition, for optimal structural analysis tissues
were fixed with a mixture of 2% formaldehyde and 0.2% glu-
taraldehyde in phosphate buffer and embedded in Kulzer Tech-
novit 7100 (Kulzer, Wehrheim, FRG). Sections of 2 um were
stained with hemalum eosin and with the periodic acid-Schiff
reaction.

LABELING PROCEDURE FOR DNA PrOBE pPUCL1.77,
PRETREATMENT OF SECTIONS, HYBRIDIZATION, AND
PROBE DETECTION

Procedures of this part were identical to those described in

detail elsewhere (11). Probe pUC1.77 was a generous gift from =

Howard Cooke. It was derived from human satellite DNA
fraction III and represents a tandemly organized repeated se-
quence from 1ql2 (5). The probe was nick-translated with
biotin-11-dUTP as described (16).

Before in situ hybridization, a special pretreatment was

TABLE 1. EVALUATION OF NUCLEAR SIGNALS

Spots per nucleus

Patient Tumor type n

1 2 3 4
1 Seminoma 83 32 44 7
2 Seminoma/teratocarcinoma 123 14 47 60 2
3 Teratocarcinoma 61 15 27 19
4 Teratocarcinoma 56 17 17 21 1
5 Teratocarcinoma 49 11 17 20 1
Total of all nuclei 372 89 152 127
Percent 100 24 41 34 1
Nuclei in normal tubules from 196 121 75

patient 2

Percent 100 62 38

Nuclear signals within seminiferous tubules were evaluated after in situ hybridization of paraffin sections with probe pUC1.77 (peroxidase
detection). Seminiferous tubules were adjacent to testicular germ cell tumors from five patients. n, Number of evaluated intratubular nuclei.
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Fi1c. 5. Segment of seminiferous tubule with intact spermatogene-
sis. This optical plane shows two nuclei of spermatogonia with two
spots near the tubular wall and only one signal in more prominent
nuclei of spermatocytes (arrowhead) or in smaller ones of spermatids
(above). A spermhead is recognizable (small arrowhead) but without
hybridization signal. Stained with Mayer’s hematoxylin. X790.

applied to tissue sections including five subsequent freezing-
thawing steps, overnight incubation at 65°C, removal of par-
affin (5 min xylene, 5 min 99% ethanol), 0.2 N HCI for 20 min,
and proteinase K digestion (50 pg/ml phosphate buffered sa-
line) at 37°C for 10 min. After the pretreatment sections were
dehydrated and finally air dried.

The hybridization mixture containing 60% formamide,
2XxSSC, 5% dextrane sulfate, 100 ug/ml herring sperm DNA,
and 2 ug/ml labeled probe was applied to the specimen. A
coverglass was sealed, and probes and specimen were denatur-
ated simultaneously at 76°C for 10 min in a moist chamber.
Hybridization was performed overnight at 40°C. Unbound
probe was removed by washing twice in 50% formamide/1xSSC
for 15 min at room temperature and once in 0.1XSSC for 30
min at 37°C. Hybridized probes were visualized by a peroxidase
reaction, as described previously (11). For counting spots (i.e.,
peroxidase reaction products at hybridized 1q12 sites), identical
areas of three consecutive sections were photographed. Intra-
tubular nuclei of two to ten seminiferous tubules of each patient
were evaluated by their hybridization signals and compared
with tubules presenting normal spermatogenesis (Table 1).
Cells of seminoma and differentiated parts of teratocarcinoma
as well as of normal human small intestine were treated iden-
tically.

Acknowledgments: We thank Jolanda Brecher, Rita
Egli, and Rita Moos for excellent technical assistance,
Prof. D. Hauri and his team from the Department of
Urology for outstanding cooperation, Prof. J. Costa (In-
stitute of Pathology of the University of Lausanne) for
critical comments on the manuscript.

WALT ET AL.

LABORATORY INVESTIGATION

Date of acceptance: July 19, 1989.

This work was supported by the Krebsliga des Kantons Zurich, the
Roche Research Foundation, Basel, and the Bundesministerium fir
Forschung und Technologie, Federal Republic of Germany.

Address reprint requests to: Heinrich Walt, Laboratory of Repro-
duction and Development, Department of Gynecology and Obstetrics,
University Hospital, CH-8091 Zirich, Switzerland.

REFERENCES

1. Atkin NB: High chromosome numbers in seminomata and malig-
nant teratomata of the testis: A review of data on 103 tumors. Br
J Cancer 28:275, 1973

2. Bannwart F, Sigg C, Hedinger C: Morphologie, Biologie und ther-
apeutische Konsequenzen der atypischen Keimzellen des Hodens.
Zentralbl Haut Geschlechtskrankheiten 154:861, 1988

3. Bigner SH, Mark J, Bullard DE, Mahaley MS Jr, Bigner DD:
Chromosomal evolution in malignant human gliomas starts with
specific and usually numerical deviations. Cancer Genet Cytogenet
22:121, 1986

4. Boveri T: Zur Frage der Entstehung maligner Tumoren. Gustav
Fischer, Jena 1914

5. Cooke HJ, Hindley: Cloning of human satellite Il DNA: Different
components are on different chromosomes. Nucleic Acids Res
10:3177, 1979

6. Cremer T, Landegent J, Brickner A, Scholl HP, Schardin M,
Hager HD, Devilee P, Pearson P, Ploeg M: Detection of chromo-
some aberrations in the human interphase nucleus by visualization
of specific target DNAs with radioactive and non-radioactive in
situ hybridization techniques: Diagnosis of trisomy 18 with probe
L1.84. Hum Genet 74:346, 1986

7. Cremer T, Tesin D, Hopman AHN, Manuelidis L: Rapid interphase
and metaphase assessment of specific chromosomal changes in
neuroectodermal tumor cells by in situ hybridization with chemi-
cally modified DNA probes. Exp Cell Res 176:199, 1988

8. Damjanov I: Recent advances in the understanding of the pathology
of testicular germ cell tumors. World J Urol 2:12, 1984

9. Damjanov J, Knowles BB, Solter D (eds): The Human Teratomas:
Experimental and Clinical Biology. Clifton, Humana Press, 1983

10. DeLozier CD, Walt H, Engel E, Vuagnat P: Cytogenetic studies of
human testicular germ cell tumors. Int J Androl 10:69, 1987

11. Emmerich P, Jauch A, Hofmann MC, Cremer T, Walt H: Inter-
phase cytogenetics in paraffin embedded sections from human
testicular germ cell tumor xenografts and in corresponding cultured
cells. Lab Invest 61:235, 1989

12. Hansen MF, Webster KC: Genetics of cancer predisposition. Can-
cer Res 47:5518, 1987

13. Hofmann MC, Jeltsch W, Brecher J, Walt H: Alkaline phosphatase
isozymes in human testicular germ cell tumors, their precancerous
stage and three related cell lines. Cancer Res 49:4696, 1989.

14. Hopman AHN, Ramaekers FCS, Raap AK, Beck JLM, Devilee P,
Ploeg M, Vooijs GP: In situ hybridization as a tool to study
numerical chromosome aberrations in solid bladder tumors. His-
tochemistry 89:307, 1988

15. Jacobsen GK, Norgaard-Pedersen B: Placental alkaline phospha-
tase in testicular germ cell tumours and in carcinoma-in-situ of
the testis. Acta Pathol Microbiol Scand A 92:323, 1984

16. Langer-Safer PR, Levine M, Ward DC: Immunological method for
mapping genes in drosophila polytene chromosomes. Proc Natl
Acad Sci USA 79:4381, 1982

17. Lehmann D, Temminck B, Litmanen K, Hadziselimovic F, Muiller
HJ: Autoimmunephenomena and cytogenetic findings in a patient
with carcinoma (seminoma) in situ. Cancer 58:2013, 1986

18. Monaghan P, Raghavan D, Neville AM: Ultrastructural studies of
xenografted human germ cell tumors. Cancer 49:683, 1982

19. Muller J, Skakkebaek NE: Microspectrophotometric DNA meas-
urements of carcinoma-in-situ germ cells in the testis. Int J Androl
Suppl. 4:211, 1981

20. Niederberger M, DeLozier-Blanchet CD, Hedinger CE, Walt H:
Differences between subcutaneous and intraperitoneal forms of
three human testicular teratocarcinomas in nude mice. Cancer
61:1571, 1988

21. Niesch-Bachmann IH, Hedinger CHR: Atypische Spermatogonien
als Prakanzerose. Schweiz Med Wochenschr 107:795, 1977

22. Oosterhuis JW, Castedo SMMJ, Dedong B, Cornelisse CJ, Dam A,
Sleijfer DT, Kopps HS: Ploidy of primary germ cell tumors of the



Vol. 61, No. 5, 1989 CHROMOSOME 1 IN HUMAN PRECANCEROUS TESTICULAR GERM CELLS 531
testis. Lab Invest 60:14, 1989 tomy. Lancet ii:204, 1978

23. Raghavan D, Sullivan AL, Peckham MJ, Neville AM: Elevated 27. Skakkebaek NE, Berthelsen JG, Giwercman A, Muller J: Carci-
serum alpha-fetoprotein and seminoma: Clinical evidence for a noma-in-situ of the testis: Possible origin from gonocytes and
histologic continuum? Cancer 50:982, 1982 precursor of all types of germ cell tumors except spermatocytoma.

24. Rentrop M, Knapp B, Winter H, Schweizer J: Aminoalkylsilane- Int J Androl 10:19, 1987
treated glass slides as support for in situ hybridization of keratin ~ 28. Skakkeabaek NE, Berthelsen JG, Visfeldt J: Clinical aspects of
cDNAs to frozen tissue sections under varying fixation and pre- testicular carcinoma-in-situ. Int J Androl Suppl 4:153, 1981
treatment conditions. Histochem J 18:271, 1986 29. Walt H, Arrenbrecht S, DeLozier-Blanchet CD, Keller PJ, Nauer

25. Sigg C, Hedinger Chr: Atypical germ cells of the testis. Comparative R, Hedinger CE: A human testicular germ cell tumor with border-

ultrastructural and immunohistochemical investigations. Virchows
Arch Abt A Pathol Anat 402:439, 1984

26. Skakkebaek NE, Berthelsen JG: Carcinoma-in-situ and orchiec-

line histology between seminoma and embryonal carcinoma se-
creted beta-human chorionic gonadotropin and alpha-fetoprotein
only as a xenograft. Cancer 58:139, 1986



