
&p.1:Abstract Gonadoblastomas are rare tumours of abnor-
mal or dysgenetic gonads, often transforming to invasive
seminomatous and nonseminomatous germ cell tumours
(GCT). Because of the intimate association of noninva-
sive and invasive lesions, gonadoblastoma may provide
clues as to the molecular pathogenesis of GCT. We stud-
ied the expression of the human endogenous retrovirus
(HERV)-K gaggene in eight gonadoblastomas arising in
phenotypically female patients, including two newborn
girls. We also studied testicular biopsies with immature
Sertoli cell nodules harbouring neoplastic germ cells, a
lesion with morphological resemblance to gonadoblasto-
ma. In five gonadoblastomas, invasive seminoma/dysger-
minoma was noted, in two cases with formation of addi-
tional GCT components. HERV-K gag transcripts were
found with moderate levels in gonocytes of all gonado-
blastomas and in neoplastic germ cells in testicular Ser-
toli cell nodules. All invasive GCT except for teratomas
displayed HERV-K transcripts. Thus, expression of
HERV-K is induced during fetal or embryonal develop-
ment and precedes invasive GCT formation. Although
the specific role of HERV-K expression remains un-
known, the findings place HERV-K expression in an ap-

propriate time frame for it to have a role in the molecular
pathogenesis of GCT and suggest a precursor-invasive
tumour relationship for ovarian GCT equivalent to the
more common carcinoma in situ of the testis and testicu-
lar GCT.
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Introduction

Gonadoblastomas are rare neoplasms composed of an in-
timate admixture of gonocytes and sex cord/gonadal
stromal elements, resembling immature Sertoli and gran-
ulosa cells and, less frequently, Leydig cells [14, 15].
Virtually all gonadoblastomas arise in dysgenetic go-
nads. Rare examples have been found in otherwise nor-
mal ovaries or descended testes. Gonadoblastomas are
therefore thought to reflect a disorderly and abortive at-
tempt to form a gonad in a genetically abnormal individ-
ual [14, 15]. About half the reported cases showed inva-
sive growth of the germ cell component, usually result-
ing in a pattern of seminoma/dysgerminoma. In a small
proportion of cases, however, the invasive tumour com-
ponent also displayed nonseminomatous germ cell tu-
mour (GCT) morphology. Approximately 10% of the
cases with invasive tumour growth also demonstrated
metastatic spread [15, 20].

The gonocytes present in gonadoblastomas display
morphological and immunophenotypic similarities with
cells of the so-called carcinoma in situ of the testis (tes-
ticular intraepithelial neoplasia, CIS/TIN) [2, 3, 7, 17,
18]. This relates in particular to the high content of gly-
cogen resulting in a clear cytoplasm and expression of
the germ cell-specific isoform of alkaline phosphatase.
Because of these characteristics gonadoblastoma can be
regarded as a model for the study of the relationship be-
tween noninvasive neoplastic germ cells and invasive
GCT [7, 15], as postulated for CIS/TIN and testicular
GCT [2, 3, 17, 18].
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Recent research has provided good morphological evi-
dence for a link between testicular and ovarian GCT and
gestational chorionic carcinoma, with expression of a dis-
tinct family of human endogenous retrovirus (HERV) se-
quences, HERV-K. Elevated titres of HERV-K Gag
(group-specific antigen) and Env (envelope) protein-spe-
cific antibodies were found in patients with seminomas
and some other testicular GCT [12, 13]. Using nonover-
lapping probes specific for the gag, prt, pol, and envgenes
of the prototype proviral sequence, HERV-K10, high lev-
els of corresponding RNA transcripts were observed in tu-
mour cells of testicular and ovarian GCT as well as in
cases of gestational chorionic carcinoma [5]. With the ex-
ception of teratoma (as defined by the WHO) and sperma-
tocytic seminoma, all GCT entities and CIS/TIN, the pre-
sumed precursor of all testicular GCT except spermatocy-
tic seminoma [18], consistently expressed HERV-K se-
quences [5]. Furthermore, detection of HERV-K Gag pro-
tein by Western blot indicated that the RNA transcripts are
indeed translated in the tumour cells [5, 12].

Using in situ hybridization with [35S]-labelled HERV-
K10 gag probes, we have extended these studies to a se-
ries of gonadoblastomas arising in abnormal ovaries or
streak gonads of phenotypically female patients, some of
which displayed the presence of dysgerminoma or non-
dysgerminomatous GCT. Additionally, we studied hypo-
plastic testicular areas (or immature Sertoli cell nodules)
[4, 6, 19], lesions bearing a morphological resemblance
to gonadoblastoma. We show that HERV-K transcripts
are already present in gonocytes occurring in gonado-
blastoma and immature Sertoli cell nodules and are ex-
pressed at increased levels in the evolving invasive GCT.

Materials and methods

Archival tissues had been fixed in neutral-buffered formalin and em-
bedded in paraffin wax. Sections (5 µm) were cut and mounted onto
glass slides pretreated with 3-aminopropyl-triethoxysilane (APES).
Histological diagnosis followed the criteria set out by the World
Health Organization (WHO) for testicular and ovarian tumours [10,
16]. Twelve cases of seminoma and 4 testicular biopsies with
CIS/TIN served as controls. In 2 seminomas, testicular tissue adja-
cent to the invasive tumour contained immature Sertoli cell nodules
associated with atypical germ cells and occasional areas of calcifica-
tion resembling gonadoblastoma. Further, tissue blocks were avail-
able from 8 cases of gonadoblastoma arising in phenotypic females.

Case 1: A 15-year-old girl with bilateral gonadoblastoma, bi-
lateral dysgerminoma and unilateral teratoma with mucinous dif-
ferentiation.

Case 2. A 19-year-old patient with unilateral gonadoblastoma
displaying extensive calcification and focal development of dys-
germinoma.

Case 3. A 13-year-old girl with a unilateral tumour in the right
ovary comprising a small nest of gonadoblastoma and larger areas
of mixed GCT including embryonal carcinoma, yolk sac tumour,
chorionic carcinoma and immature teratoma; the contralateral ova-
ry was hypoplastic and free of tumour.

Case 4. A 10-day-old girl with a unilateral indifferent ovary
displaying small foci of gonadoblastoma.

Case 5. Aa 18-year-old patient with Turner’s syndrome and a
unilateral indifferent gonad harbouring a small, extensively calci-
fied gonadoblastoma.

Case 6. A 25-day-old girl with a prenatally diagnosed ovarian
cyst showing extensive haemorrhagic infarction and small nests of
gonadoblastoma in association with some luteinized cells.

Case 7. A 7-year-old girl displaying small nests of gonadoblas-
toma in an otherwise normal right ovary largely destroyed by dys-
germinoma and a normal left ovary.

Case 8. An 11-year-old patient with Turner’s syndrome and bi-
lateral gonadal dysgenesis, the left gonad displaying multiple small
nests of gonadoblastoma largely overgrown by dysgerminoma.

The embryonal carcinoma cell line, Tera-1, was obtained from
the American Type Culture Collection, Rockville, Md. (ATCC
#HTB105) [1]. The B95-8 cell line was originally established by
infecting marmoset B lymphocytes with Epstein-Barr virus. For-
malin-fixed and paraffin-embedded cell pellets were sectioned like
tissues to serve as positive control.

Single-stranded nonoverlapping probes specific for the HERV-
K10 gagsequences were prepared as recently described [5]. After
linearization of the plasmids with either HindIII or EcoRI restric-
tion endonucleases, T7 or SP6 RNA-polymerases (BRL Gibco,
Eggenstein, Germany), respectively, were used to obtain run-off
transcripts of either the anti-sense (complementary to mRNA), or
sense (anti-complementary, negative control) strands in the pres-
ence of [35S]ribonucleotides [5].

Following hybridization and washing, bound probes were de-
tected by autoradiography as previously described [5].

Results

HERV-K-specific transcripts were detectable in cell pellets
prepared from Tera-1 cells, but were absent from the EBV-
positive cell line B95-8. In all gonadoblastomas, propor-
tions of gonocytes displayed HERV-K transcripts at low
levels requiring an average of 12 days of autoradiographic
exposure (Fig. 1a, b). However, only parts of the tumours
could be evaluated confidently, because of autoradiograph-
ic artefacts caused by extensive intralesional sclerosis and
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Table 1 HERV expression in components of gonadoblastoma and
evolving GCT (− no specific labelling compared with sense control
hybridizations, + to ++++ autoradiographic labelling indicating
presence of HERV gag transcripts with variable levels after 12 days

of autoradiography, specifically: + weak labelling, few silver grains
were noted over the labelled cells, ++ moderate labelling leaving
nuclear structures visible, +++ strong labelling concealing the nu-
clei, ++++ very strong labelling concealing nuclei and cytoplasm)&/tbl.c:&tbl.b:

Case no. 1 2 3 4 5 6 7 8

Gonocytes + + + to ++ + + + + +
Stromal cells − − − − − − − −
Sex cord cells − − − − − − − −
Dysgerminoma ++ ++ +++ ++ ++
Embryonal carcinoma ++++
Yolk sac tumour ++
Choriocarcinoma +++
Teratoma − −

&/tbl.b:
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Fig. 1 Detection of HERV-K gag transcripts in two cases of go-
nadoblastoma (cases 3, 4), one of which was partially overgrown
by a mixed germ cell tumor. Tumour cells display a variable auto-
radiographic signal which is absent from lymphocytes, stromal
and sex cord cells. Paraffin section, autoradiographic exposure 8
days, original magnification ×110&/fig.c:

Fig. 2 HERV-K gag RNA expression in a gonadoblastoma-associ-
ated dysgerminoma carcinoma (case 7). A strong autoradiographic
signal is restricted to tumour cells and absent from neighbouring

areas. Paraffin section, autoradiographic exposure 8 days, original
magnification ×90&/fig.c:

Fig. 3 Gonadoblastoma-associated mixed germ cell tumor (case
3) with HERV-K gagRNA expression in tumour components such
as A yolk sac tumour, B choriocarcinoma, and B, C scattered dys-
germinoma cells except for C teratomatous areas. A strong autora-
diographic signal is restricted to tumour cells and absent from
neighbouring stroma. Paraffin section, autoradiographic exposure
8 days, original magnification A ×65, B, C ×105&/fig.c:



calcification in some cases. In 5 gonadoblastomas, the tu-
mour was partially overgrown by invasive seminoma/dys-
germinoma (Fig. 2), and in 2 of these cases by additional
GCT components including embryonal carcinoma, yolk
sac tumour, chorionic carcinoma and teratoma (Fig. 3a–c;
Table 1). With the exception of teratomatous elements, all
GCT components displayed HERV-K transcript levels
above those observed in the atypical gonocytes present in
the gonadoblastoma component. Comparing the various tu-
mour components in individual sections of case 3, for ex-
ample, the most intense labelling was noted over embryo-
nal carcinoma cells (Table 1). In the seminoma cases in-
cluded as positive control tissues, seminoma and CIS/TIN
cells displayed HERV gag transcripts as previously de-
scribed [5, 12], whereas only background labelling was
found in cells in normal spermatogenesis and in the other
tissue components. In Sertoli cell nodules, neoplastic gono-
cytes equivalent to CIS/TIN cells displaying HERV-K tran-
scripts at high levels were present both in the immature tes-
ticular areas and in normally formed adjacent tubules,
whereas Sertoli cells did not show autoradiographic signals
above background levels (Fig. 4a, b).

Discussion

Gonadoblastomas bear a high risk of transformation to in-
vasive GCT. In cases that have not been entirely over-
grown by a GCT, the intralesional relationship between
the malignant GCT and its precursor cells, neoplastic
germ cells, is morphologically irrefutable [15]. Atypical
gonocytes of gonadoblastoma and testicular CIS/TIN
share numerous phenotypic properties and display a simi-
lar degree of intralesional heterogeneity [7]. In our series
of gonadoblastomas arising in abnormal ovaries and dys-
genetic gonads, we found consistent expression of HERV-
K at the transcriptional level in neoplastic germ cells and
in tumour cells of all invasive GCT components except for
teratoma. In addition to the direct intralesional association
of all tumour components, this provides a molecular phe-
notypic correlate for the role of neoplastic gonocytes as
precursors of invasive ovarian GCT. The patterns of
HERV-K expression in gonadoblastoma-associated GCT
are identical to those previously established for malignant
testicular and ovarian GCT arising in mature, fully differ-
entiated gonads and suggest a common molecular patho-
genesis of most GCT entities. The finding of HERV-K ex-
pression in ovaries of newborn girls also supports the hy-
pothesis that GCT precursors are formed during embryon-
ic or fetal development in utero. Based on the observation
of HERV-K expression in gonocytes of dysgenetic gonads
and gonadoblastoma and morphologically diverse forms
of GCT, and by analogy with CIS/TIN and testicular GCT,
pre-invasive HERV-K-expressing gonocytes may be pos-
tulated as precursors for invasive GCT in the mature ova-
ry. In most cases, though, it may be virtually impossible to
identify those precursor cells because, at the time of diag-
nosis, they are likely to be overgrown by the emerging
malignancy [15, 20].

Immmature Sertoli cell nodules or hypoplastic areas re-
present testicular lesions with morphological similarities to
ovarian gonadoblastoma, with respect to both the sex cord
cell component and, if present, the neoplastic germ cells.
These nodules are often seen in the vicinity of invasive
GCT, provided that uninvolved testicular tissue is ade-
quately sampled [4, 6, 19]. The finding of HERV-K expres-
sion in atypical gonocytes in immature Sertoli cell nodules
provides a link between these lesions and invasive GCT.

Testicular GCT are often associated with CIS/TIN oc-
curring in the immediate vicinity of the invasive tumour.
This finding has been interpreted as intratubular spread
of seminoma cells (“intratubular seminoma”) or, alterna-
tively, considered to be a remainder of the intratubular
“in situ” precursor lesion of the invasive GCT. The find-
ing of immature Sertoli cell nodules populated by
HERV-K-positive CIS/TIN cells in GCT-bearing testes
lends credence to the notion that GCT are often associat-
ed with developmental lesions. Arguments for the latter
view are also provided by the increased frequency of
CIS/TIN contralateral to the tumour-bearing testicle and
by its elevated incidence in maldescended testes, a con-
dition associated with an increased risk of developing
overt GCT [2, 3, 17, 18].
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Fig. 4 HERV-K gag RNA expression by testicular CIS/TIN (car-
cinoma in situ or testicular intraepithelial neoplasia) cells A in an
immature Sertoli cell nodule and B in adjacent normally formed
tubuli. Paraffin section, autoradiographic exposure 12 days, origi-
nal magnification ×135&/fig.c:



As previously observed, teratomas, regardless of their
degree of maturity, did not display autoradiographic sig-
nals specific for HERV-K RNA. Therefore, these tumours
cannot be traced back with confidence to a particular sub-
population of gonocytes. Because of the intimate associa-
tion of HERV-K-negative teratomatous and HERV-K-posi-
tive non-teratomatous invasive GCT components arising
within a gonadoblastoma (case 3), it is most likely that
HERV-K-expressing atypical gonocytes are precursors for
both tumour components. This implies that HERV-K ex-
pression is down-regulated once differentiation towards an
embryonic tissue is initiated. The observation of HERV-K-
positive CIS/TIN cells adjacent to pure testicular terato-
mas also supports this view [5]. In contrast to testicular
teratomas, however, the molecular aetiology of ovarian
teratomas seems to be variable. Most ovarian teratomas
are clinically benign, diploid tumours without isochromo-
some i(12p) formation [11] and are therefore unlikely to
derive from an ovarian homologue to testicular CIS/TIN.

The study further confirms a tight association between
HERV-K gene expression and invasive GCT and suggests
the existence of testicular and ovarian precursor cells for
these tumours that may already be present at birth. The
function of retroviral gene products and their biological
significance, however, are not clear at present. Because in
situ hybridization does not discriminate spliced from un-
processed transcripts, it remains to be seen whether the
RNA detected by in situ hybridization represents pro-
cessed transcripts. However, the splicing patterns of
HERV-K transcripts and particle formation in teratocarci-
noma cell lines [8, 9], and the detection of HERV-K Gag-
and Env-specific antibodies in sera from GCT patients [2,
18] together with the demonstration of 73-kDa Gag poly-
protein in GCT protein extracts by Western blotting [5,
12] support the notion that HERV-K gene expression in
GCT is not restricted to the level of transcription, but re-
sults in translation and processing of proteins.

It will be of particular interest to extend the studies to
nonstructural proteins potentially encoded by HERV-K
genomes. Spliced mRNA homologous to the Rev protein
of the human immunodeficiency virus HIV-1 was recent-
ly demonstrated in teratocarcinoma cell lines [9]. Such
proteins may have functions as transcription factors and
may influence growth and phenotypic properties of
HERV-K-expressing cells. The variation in HERV-K tran-
script levels in malignant germ cells may then indicate a
cell-cycle-dependent control of HERV-K expression and
a relationship to proliferation. It is not yet clear whether
certain HERV-K gene products may confer a proliferative
advantage, thus representing a first step in the chain of
events ultimately leading to invasive germ cell tumours.
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