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Abstract We present two malignant cases of Sertoli-Leydig
cell tumours (SLCT) of the testis and one ovarian SLCT with
benign behaviour. The DNA copy number changes affected
chromosome 1, 8, 9p, 10, 11, 12, 16, 19, 22 and X. The
present study is the first molecular—cytogenetic analysis of
Sertoli-Leydig cell tumours of the testis.

Keywords Comparative genomic hybridisation -
Fluorescence in situ hybridisation - Sertoli-Leydig cell
tumours - Sex-cord stromal tumours

Introduction

The Sertoli-Leydig cell tumours (SLCT) are exceptionally
rare sex-cord stromal tumours of the testis [10, 18]. There
are, however, some few cytogenetic studies of SLCT of the
ovary, which revealed genetic aberrations affecting the sex
chromosome [1, 3, 4]. Trisomy 8 was detected in a
metastasizing ovarian SLCT as sole karyotypic aberration
[7]. A case of virilising ovarian SLCT in a 14-year old
black girl showed chromosomal rearrangements of chro-
mosome 5, 18, trisomy 6 and 12 [15]. Cytogenetic studies
of such tumours located in the testis have never been
reported. We analysed therefore the chromosomal aberra-
tions of two testicular and one ovarian SLCT.
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Materials and methods
Tumour specimens and immunohistochemistry

Three SLCT, retrieved from the files of the Institute of
Pathology Innsbruck (Medical University Innsbruck, Aus-
tria) were examined. Tissue sections were stained with
haematoxylin and eosin, profiled immunohistochemically
and classified according to the WHO classification of
testicular tumours [12].

Comparative genomic hybridisation

Comparative genomic hybridisation (CGH) analysis was
performed as previously described [17]. Briefly, tumour
DNA and reference DNA were labelled with biotin-16-
dUTP and digoxigenin-11-dUTP, respectively, by nick
translation using a commercially available nick translation
kit (Roche, Mannheim, Germany). The probe mixture of
500 ng tumour DNA, 500 ng reference DNA, 20 pg human
Cot-1 DNA (Gibco BRL, Life Technologies, Germany) and
10 pg salmon sperm DNA (Eppendorf, Germany) was
denatured for 5 min at 75°C and pre-annealed for 20 min at
37°C. The probe mixture was hybridised on a normal,
denatured lymphocyte metaphase slide and hybridised
3 days in a humidified chamber. For detection, the slides
were stained with avidin—fluorescein isothiocyanate (Vector
Labs, Burlingame, CA, USA) and with anti-digoxigenin—
rhodamin (Roche, Mannheim, Germany), followed by
counter-staining with 4,6-diamino-2-phenylindole (DAPI,
Serva, Germany). The slides were evaluated using a
fluorescence microscope (Zeiss Axioplan) equipped with a
CCD camera (JAI M300), specific filter sets and CGH
software (ISIS, MetaSystems, Germany).
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4 Fig. 1 CGH profiles (left) and the corresponding histology of the

tumours (right, H&E, x40). a Case 1 (lung metastasis) showed
alterations on chromosome 1p, 9p, 10, 11q, 12, 16q, 22q and X.
Histomorphological features were nested tumour formations, eosino-
philic cytoplasm, oval to spindle-shaped nuclei. b Case 2 with gain of
chromosome X. The malignant tumour showed morphologies of a
lipid-rich Sertoli-cell component (lefi) and a nested Leydig-cell
component (right). ¢ Case 3 with partial loss of chromosome 8 and
gain on chromosome 19 and 22. The benign tumour showed Sertoli-
cells in a trabecular arrangement and islands of Leydig-cells

Gains or losses were calculated as significant by the
evaluation software if fluorescence ratio showed borderline
values of 0.8 and 1.25, respectively. Pericentromeric,
heterochromatic regions, telomeric regions and chromo-
some Y were excluded from the evaluation.

Fluorescence in situ hybridisation

To evaluate the CGH results, fluorescence in situ hybrid-
isation (FISH) on paraffin-embedded sections was performed
according to the manufacturer’s protocol. Tissue sections
(5 um) were mounted on adhesion slides and dried at 70°C for
30 min. The inter-phase preparation and hybridisation were
performed according to the protocol of the manufacturer
(Abbott/Vysis, Downers Grove, IL, USA). DNA probes for
the centromeric region for chromosome X/Y, 8, two LSI
probes for 9p21 and 22ql1.2 (Abbott/Vysis) and a locus
specific probe on 12ql14-15 (YAC probe 745al10, kindly
provided by Dr. Kalscheuer, Max Planck Institute, Berlin)
were used. At least 100 nuclei in each case were examined.

Results
Pathologic and immunohistochemical findings

Microscopically case 1 (lung metastasis lung metastasis
from a 66-year-old male patient) showed uniform cells,
arranged in nested tumour formations, with eosinophilic
cytoplasm, oval to spindle-shaped cells with not overtly
prominent nuclei and an increased mitotic rate (26 mitotic
figures/10 HPF). Only the Leydig cell component showed
formation of metastases (Fig. la, right). The second
malignant tumour of the testis from a 75-year-old patient
(case 2) showed morphologies of lipid-rich Sertoli-cell
components (Fig. 1b, left) and a nested Leydig-cell
component (Fig. 1b, right). The tumour showed vascular
invasion and an increased mitotic rate (33 mitotic figures/10
HPF).

The cells of case 3 (ovarian SLCT from a 74-year-old
woman) appeared bland and uniform; the benign tumour
showed Sertoli cells in a trabecular arrangement and islands
of Leydig cells. Immunohistochemical analysis showed

positivity of the Leydig-cell component of the benign
tumour (case 3) for «-inhibin and calretinin whilst both
components stained negative for Melan A (A 103). Both
malignant tumours (case 1 and 2) were completely negative
for these markers (Table 1).

CGH and FISH analysis

All analysed cases showed chromosomal imbalances. Case
1 showed gains and losses involving 10 chromosomes or
chromosomal regions. The second case showed gain on the
entire chromosome X as sole aberration. The third case was
with loss of the entire chromosome 8 and gain of
chromosome 19 and 22. CGH profiles and histomorpho-
logical features of the tumours are shown in Fig. 1. The
FISH results were in agreement with the CGH data. Results
of CGH and FISH data are given in Table 2.

Discussion

Sertoli-Leydig tumours of the ovary and the testis are
scarce neoplasm [9] exceptionally rare in the testis [10,
18]. Only few cytogenetic studies of ovarian sex-cord
stromal tumours and no chromosomal analysis in SLCT of
the testis are reported in the literature. The present CGH
analysis in two male patients with SLCT is the first study of
genetic aberrations in these tumours, affecting entire
chromosomes (or chromosome regions) on 1p, 8, 9p, 11q,
12, 16q, 19, 22 X.

Trisomy 8 has been described in fibrosarcomas of the
ovary as one of several aberrations [16]. Manegold et al. [7]
found trisomy 8 as sole karyotypic aberration in an ovarian
metastasizing SLCT. These findings are in contrast to our
CGH data. One of the three analysed tumours showed loss
and no gain of chromosome 8 (Fig. 1c, left) as part of other
chromosomal imbalances.

Simple numeric changes, patriculary trisomy 12 and
monosomy 22, have been described as recurrent findings in
ovarian sex-cord stromal tumours [13], including granu-

Table 1 Patients’ profile

Case  Age/Sex Clinical THC profile
behaviour
«-inhibin ~ Melan A Calretinin
1? 66 yearssm M - - -
2 75 yearssrm M - - -
3 74 years/f B L+, S— - L+, S—

B Benign, M malignant, m male, f female, + positive staining, —
negative staining, L Leydig-cell component, S Sertoli-cell component
? Lung metastasis
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Table 2 Results of CGH and FISH

Case DNA copy number changes FISH results of target anomalies [% analysed nuclei]
Losses Gains
1* 1p31.3p12, 10 1pterp32.3, 9p 3-9 (mainly 3—4) copies of 9p21 [44]
11q23.3qter 11q14.2q923.1 3—4 copies of 12q14q15 [50]
16g21qter, 22 12, X° 2-5 copies of X [38] and 2—3 copies of Y [19], mainly XXY or XXYY
X 2-3 copies of X and loss of Y [80], (mainly XX)
3 v 19, 22q 3 to 4 copies of 22q11.2 [30]

? Lung metastasis

® Imbalance with a clear shift, but the CGH profile shows only a partially significant imbalance (partially reaching the threshold)

losa-stromal cell tumours [14], fibrothecomas [16], in
sclerosing stromal tumours [5] and ovarian tumours [6,
11]. Also, the CGH and interphase FISH study by Mayr et
al. [8] on ovarian granulosa cell tumours corroborate these
previous reports of the prevalence of trisomy and mono-
somy 22. Truss et al. [15] found trisomy 12 in a virilizing
ovarian SLCT as part of a number of other aberrations,
including an overexpression of the BCL-2 gene, caused by
rearrangement of chromosome 18 with a clonal karyotype
48XX,der(5)t(5;18)(p13;q12),+6,+12,der(18)r(5;18)
(p15.3p13;p11.3q12).

We found gain of entire chromosome 12 and monosomy
22 in case 1 by CGH. However, a discrepant result regarding
chromosome 22 was seen in case 3: not monosomy 22 but
gain of chromosome 22 was detected. The FISH analysis
confirmed this, showing three to four signals for 22q11.2 in
30% of the analysed nuclei (Table 2). De Giorgi et al. [1]
presented a case of ovarian SLCT with endometrioid-like
yolk sac tumour in a 26-year-old patient with a 46,XX
karyotype with Y-chromosomal material insertion into
chromosome 1. A well-differentiated SLCT of the ovary
in a 48-old-year Japanese woman with symptoms of
virilisation and a 45,X/46XX/47XXX karyotype is reported
by Hitosugi et al. [3]. Another Sertoli-Leydig cell tumour
in a woman with XO/XX/XXX-mosaicism is reported by
Glaser et al. [2]. We provide the first molecular-cytogenetic
analysis of testicular SLCT, identifying gain of chromo-
some X in both analysed cases (case 1 and 2) by CGH.
FISH analysis showed two to three copies of chromosome
X in both cases; in one of them, loss of chromosome Y was
observed in 80% of the analysed nuclei.

In conclusion, aberrations on chromosome 12 and on sex
chromosomes suggest associations with oncogenetic mech-
anisms in these groups of neoplasms. However, the
characterisation of SLCT in this study represents an
additional contribution to the poorly explored SLCT of
the ovary and testis.

Acknowledgements The present case report is part of a study of
Leydig cell tumours, supported by the Austrian Cancer Society/Tyrol.

@ Springer

References

10.

11.

12.

13.

. De Giorgi U, Turci D, Crisanti E, Canti MG, Cappellini A,

Marangolo M (2003) Ovarian Sertoli-Leydig cell tumor, endome-
trioid-like yolk sac tumor, and Y-chromosomal material. Oncology
64:370-373

. Glaser D, Nienhaus H, Kohler R, Walther G, Pawlowitzki TH

(1988) A sex cord stromal tumour in a woman with X0/XX/XXX-
mosaicism. Arch Gynecol Obstet 243:115-118

. Hitosugi M, Matsuoka Y, Irimajiri S, Fukuda J (1997) Sertoli—

Leydig cell tumour complicated by X chromosomal mosaicisms.
Clin Endocrinol (Oxf) 47:619—-622

. Hittmair A, Zelger BG, Obrist P, Dirnhofer S (1997) Ovarian

Sertoli-Leydig cell tumor: a SRY gene-independent pathway of
pseudomale gonadal differentiation. Hum Pathol 28:1206-1210

. Kawauchi S, Tsuji T, Kaku T, Kamura T, Nakano H, Tsuneyoshi

M (1998) Sclerosing stromal tumor of the ovary: a clinicopath-
ologic, immunohistochemical, ultrastructural, and cytogenetic
analysis with special reference to its vasculature. Am J Surg
Pathol 22:83-92

. Lindgren V, Waggoner S, Rotmensch J (1996) Monosomy 22 in

two ovarian granulosa cell tumors. Cancer Genet Cytogenet 89:93—
97

. Manegold E, Tietze L, Giinther K, Fleischer A, Amo-Takyi BK,

Schroder W, Handt S (2001) Trisomy 8 as sole karyotypic
aberration in an ovarian metastasizing Sertoli-Leydig cell tumor.
Human Pathol 32:559-562

. Mayr D, Kaltz-Wittmer C, Arbogast S, Amann G, Aust DE,

Diebold J (2002) Characteristic pattern of genetic aberrations in
ovarian granulosa cell tumors. Mod Path 15:951-957

. Panagiotou JP, Polychronopoulou S, Sofou K, Vanvliet-

Constantinidou C, Papandreou E, Haidas S (2006) Second
and third malignant solid tumor in a girl with ovarian Sertoli—
Leydig tumor. Pediatr Blood Cancer 46:654-656

Perito PE, Ciancio G, Civantos F, Politano VA (1992) Sertoli—
Leydig cell testicular tumor: case report and review of sex cord/
gonadal stromal tumor histogenesis. J Urol 148:883—885

Persons DL, Hartmann LC, Herath JF, Keeney GL, Jenkins RB
(1994) Fluorescence in situ hybridization analysis of trisomy 12 in
ovarian tumors. Am J Clin Pathol 102:775-779

Sesterhenn 1A, Cheville J, Wooward PJ, Damjanov I, Jacobsen
GK, Nistal M, Paniagua R, Renshaw AA (2004) Germ cell
tumours. In: Eble JN, Sauter G, Epstein JI, Sesterhenn IA (eds)
Pathology and genetics: tumours of the urinary system and male
genital organs. IARC Press, Lyon, pp 251-258

Shashi V, Golden WL, von Kap-Herr C, Andersen WA, Gaffey
MJ (1994) Interphase fluorescence in situ hybridization for
trisomy 12 on archival ovarian sex cord-stromal tumors. Gynecol
Oncol 55:349-354



Virchows Arch (2007) 450:267-271

271

14.

15.

16.

Taruscio D, Carcangiu ML, Ward DC (1993) Detection of trisomy
12 on ovarian sex cord stromal tumors by fluorescence in situ
hybridization. Diagn Mol Pathol 2:94-98

Truss L, Dobin SM, Rao A, Donner LR (2004) Overexpression of the
BCL2 gene in a Sertoli-Leydig cell tumor of the ovary: a pathologic
and cytogenetic study. Cancer Genet Cytogenet 148: 118—122

Tsuji T, Kawauchi S, Utsunomija T, Nagata Y, Tsuneyoshi M
(1997) Fibrosarcoma versus cellular fibroma of the ovary: a
comparative study of their proliferative activity and chromosome
aberrations using MIB-1 immunostaining, DNA flow cytometry,

17.

18.

and fluorescence in situ hybridization. Am J Surg Pathol 21:52—
59

Wolff E, Girod S, Liehr T, Vorderwulbecke U, Ries J, Steininger
H, Gebhart E (1998) Oral squamous cell carcinomas are
characterized by a rather uniform pattern of genomic imbalances
detected by comparative genomic hybridisation. Oral Oncol
34:186-190

Young RH (1993) Sertoli-Leydig cell tumors of the ovary: review
with emphasis on historical aspects and unusual variants. Int J
Gynecol Pathol 12:141-147

@ Springer



	Sertoli–Leydig cell tumours of the ovary and testis: a CGH and FISH study
	Abstract
	Introduction
	Materials and methods
	Tumour specimens and immunohistochemistry
	Comparative genomic hybridisation
	Fluorescence in situ hybridisation

	Results
	Pathologic and immunohistochemical findings
	CGH and FISH analysis

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


