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Abstract
Introduction. In patients with Y-chromosome in the karyotype, partial gonadal dysgenesis and disorders of male
reproductive sex organs development are usually resected in childhood because of the high risk of germ cell
tumours (GCT). In patients with Y-chromosome, complete gonadal dysgenesis and female genitalia gonadectomy is performed markedly later. However, due to the relatively low number of adult patients with preserved
dysgenetic gonads, the true risk of neoplasm is unknown. The aim of the study was to evaluate the prevalence
of neoplasia in dysgenetic gonads of children and adults with Y-chromosome in a retrospective study.
Material and methods. A review of medical documentation of 94 patients with disorders of sex development
(DSD), Y-chromosome and gonadal dysgenesis (GD), aged 1.2–32 years (47 prepubertal, 1.2–10 years;
47 pubertal/adult, 13–32 years), was conducted. Serum levels of follicle-stimulating hormone (FSH), luteinizing
hormone (LH) and testosterone were determined. Bilateral gonadectomy was performed in 73.4% of patients,
and unilateral gonadectomy with biopsy of the contralateral gonad in 26.4%. All gonadal tissues were subjected
to immunohistochemical evaluation with antibodies against PLAP and OCT3/4 (markers of malignant germ cells,
but also foetal multipotent germ cells), while gonads of prepubertal patients were examined by c-KIT, as well.
Results. Streak gonads were identified on both sides (complete GD) in 30.8%, a streak gonad on one side and
an underdeveloped testis on the other (asymmetric GD) in 38.3%, and underdeveloped testicular structure on
both sides (partial GD) in 30.8% of cases. Germ cell neoplasia was found in 53.2% of patients (51.1% in children,
55.3% in pubertal/adults). Invasive GCT were identified in 11.7% of cases, of which 90.9% were in pubertal/adult
patients. Other neoplastic lesions included gonadoblastoma (16% prevalence) and testicular carcinoma in situ
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(25.5%). In younger patients FSH serum levels were increased in 81% of cases (mean 2.82 ± 2.18 IU/L), while
LH in 58% (mean 1.82 ± 1.69 IU/L). Hypergonadotropic hypogonadism was diagnosed in most of the pubertal/
/adult patients (mean FSH 54.2 ± 23.3 IU/L, mean LH 21.7 ± 12.1 IU/L, mean testosterone 5.5 ± 4.5 nmol/L).
Conclusions. Dysgenetic gonads in patients with Y chromosome have a high risk of germ cell neoplasia (ca.
50%). If they are preserved until puberty/early adulthood, they may develop overt, invasive GCT. The gonads
also have poor hormonal activity (hypergonadotropic hypogonadism) in most of the pubertal/adult patients. Each
of these cases must be considered individually and a decision to remove the gonad or not should be based on
the comprehensive analysis of the phenotype by a multidisciplinary team of specialists in consultation with the
patient and the parents. If dysgenetic gonads are not resected in childhood, these patients need careful ongoing
follow-up examination, including biopsy and histopathological evaluation. (Folia Histochemica et Cytobiologica
2015, Vol. 53, No. 3, 218–226)
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Introduction
Gonadal dysgenesis (GD) is a term used to describe
the incomplete formation (organogenesis) of gonads,
testes or ovaries during embryogenesis [1, 2]. The
origin of this condition may be genetic or environmental [3–6].
In patients with the Y-chromosome, or Y-chromosome-specific sequences in the genotype including the
presence of the SRY gene (sex-determining region Y),
dysgenetic gonads are histologically categorised as:
1) bilateral streaks of an ovarian-like cortical stroma
(complete or pure GD); 2) a streak on one side and
testis-like stroma on the other (asymmetric or mixed or
combined GD); 3) bilateral testes with incomplete organogenesis (partial GD) [7, 8]. In testicular dysgenesis,
germ cells are absent or spermatogenesis is arrested at
the level of foetal gonocytes or spermatogonia, Sertoli
cells frequently remain immature and the adult type
of Leydig cells rarely appears [7–11]. Disturbances in
the maturation of these testicular somatic cells lead to
disorders of male internal and external reproductive
sex organs development. Absent or decreased secretion of testosterone by foetal Leydig cells results in
differentiation disorders of the external and internal
male sex organs. Disturbed secretion of antimüllerian
hormone (AMH) by Sertoli cells is associated with
the persistence of Müllerian ducts and the presence
of female internal sex organs in patients with the male
genetic sex. A further clinical consequence of deterio
rated testicular development is hypergonadotropic
hypogonadism observed from the pubertal period of
life [10, 12, 13]. These patients are referred to the group
of disorders of sex development (DSD) and classified as
sex chromosomal DSD or 46,XY DSD or 45,X/46,XY
DSD according to the karyotype [14].
All forms of testicular GD are accompanied by
an increased risk of germ cell neoplasia [15, 16].
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Neoplastic lesions appear as overt, invasive germ cell
tumours (GCT), which can be either seminomatous
or non-seminomatous, and usually develop in young
adults [17]. Preinvasive testicular carcinoma in situ
(CIS, or intratubular germ cell neoplasia unclassified
— IGCNU or testicular intraepithelial neoplasia —
TIN) [17, 18] is seen not only in the testes of adult
men, but also in the gonads of prepubertal children
[7–9, 11, 19–21]. Other germ cell neoplastic lesions
include the sex cord-derived tumours, gonadoblastoma (GB) and unclassified mixed germ cell-sex cord
stromal tumours found mainly in testes with profound
developmental defects [10, 22, 23].
Underdeveloped testes (in partial or asymmetrical
GD) in patients with Y-chromosome, if early diagnosed,
are frequently resected at prepuberty due to their potential for presumptive GCT development. However, the
procedure is controversial, as some of these gonads may
have adequate hormonal function and normal sperma
togenic cells, and may never develop GCT [10, 11, 24]. In
patients with Y-chromosome and complete GD preventive gonadectomy is performed markedly later because of
female phenotype. Nevertheless, also in these cases the
removal of gonads is the matter of criticism. The true risk
of neoplasia in GD is in fact unknown because of the relatively low number of adult patients with preserved gonads.
The aim of our study was to determine the preva
lence of neoplasia in dysgenetic gonads in children
and adults with the Y-chromosome in their genotype.

Material and methods
Patients and clinical data. The study was performed with
the approval of the Bioethical Committee of the Medical
University of Lodz (no RNN/28/10/KE).
A review was conducted of the medical documentation
of DSD patients diagnosed and treated from 1983 to 2013 in
the centres of Paediatric Endocrinology, Paediatric Urology
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and Genetics in Lodz and Warsaw, Poland. Ninety-four patients, aged 1.2–32 years, were included. External sex organs
were qualified as female or ambiguous (undervirilised male
or virilised female). Ultrasonography, later confirmed by
genitography and abdominal surgery, revealed all patients
to have the remnants of Müllerian ducts. The gonads were
located mainly in the minor abdominal cavity or in some
cases in the upper segment of the inguinal canal. All patients
possessed the Y-chromosome in either 46,XY (71.3%)
or a mosaic complement (i.e. 45,X/46,XY, 45,X/47,XXY,
45,X/46,XY/47,XXY — 28.7%).
Bilateral gonadectomy was performed in 73.4% of patients, unilateral with the biopsy of the contralateral gonad
in 26.4%. The age of histopathological evaluation of gonads
was as follows: 1.2–10 years (median 3.0) — 50%, 13–32
years (median: 17.0) — 50%. Gonadal tissues were fixed in
formalin (mostly in younger group) or in Bouin’s fixative
(mostly in older group) and stored in paraffin.
Serum levels of follicle-stimulating hormone (FSH),
luteinizing hormone (LH) and testosterone were determined
shortly before gonadectomy. In most patients chemiluminometric immunoassay was used, while in some cases
radioimmunological or immunoenzymatic. The following
were taken as reference values for prepubertal children —
FSH: 0.22–1.92 IU/L, LH: 0.02–0.42 IU/L and testosterone:
< 0.1–0.35 nmol/L. The corresponding values for healthy
adult men were FSH: 1.70–10.35 IU/L, LH: 1.54–7.00 IU/L
and testosterone: 12.25–33.95 nmol/L [25].
Histology and immunohistochemistry. The gonads were cut
into sections 5 µm thick, and stained with haematoxylin and
eosin (H & E). Histological examination was then performed
with the use of an Eclipse E600 light microscope (Nikon,
Tokyo, Japan).
Immunohistochemical staining for foetal multipotent
germ cells (gonocytes)/malignant germ cells, was carried out
in all patients using monoclonal antibodies against placental
like alkaline phosphatase (PLAP) (Novocastra Laboratories,
Newcastle, UK), and against octamer transcription factor
3/4 (OCT3/4) (Santa Cruz Biotechnology Inc., Dallas, Texas,

USA). Polyclonal antibody against the c-Kit proto-oncogene
(c-KIT, Santa Cruz Biotechnology Inc.) was performed only
in the gonads of prepubertal children. The primary antibody
was diluted to 1:25 (PLAP), 1:200 (OCT3/4) or 1:50 (c-KIT)
in 0.05 M Tris-buffered saline, pH 7.4. For the qualitative
detection of antigens in fixed paraffin-embedded tissue
sections, the Impress polymerized reporter enzyme staining system (Vector Laboratories, Peterborough, UK) was
used for PLAP and OCT3/4, and the Novocastra Novolink
Polymer Detection System (Leica Biosystems, Nussloch,
Germany) for c-KIT. Five histological sections were examined for each gonad.
A testicular CIS (a part fixed in formalin and part in
Bouin’s fluid) from an adult patient served as a positive
control for PLAP, OCT3/4 and c-KIT. For the negative
control, the primary antibodies were replaced with 0.05 M
Tris-buffered saline, pH 7.4.
Statistical analysis. Basic statistical analyses (mean, standard deviation, median) were performed using Statistica 8.0
software (StatSoft, Krakow, Poland). Confidence interval
was set at 95%.

Results
The group of patients was divided into two subgroups:
1) prepubertal patients (age: 1.2–10 years) and 2) pubertal/adult patients (13–32 years). All patients
from the younger group presented Tanner stage I of
puberty, while the older patients presented various
stages of secondary sexual characteristics. The start
of puberty in the older group was confirmed by the
activity of the hypothalamus-pituitary axis (increased
FSH and LH serum levels), and the results in both,
young and old, subgroups are given in Table 1. FSH
levels were higher in 81% of younger patients and all
pubertal/adult patients compared to the corresponding normal values. LH was elevated in 58% of younger
patients and in 83.8% of pubertal/adult patients.
Testosterone levels were at prepubertal values in all

Table 1. Gonadotropin and testosterone concentration in the blood of patients with gonadal dysgenesis and Y-chromosome
Age group (years)
1.2–10
n = 47
Normal prepubertal
values
13–32
n = 47
Normal adult values

Mean ± SD
Median
Range

Age (years)

FSH [IU/L]

LH [IU/L]

Testosterone [nmol/L]

4.14 ± 2.38
3.0
1.17–10.0

2.82 ± 2.18
2.2
0.1–8.37

1.82 ± 1.69
1.34
0.30–5.6

0.44 ± 0.39
0.35
0.01–1.86

0.22–1.92

0.02–0.42

< 0.1–0.35

54.24 ± 23.26
57.00
17.00–105.00

21.75 ± 12.08
23.00
4.4–50.00

5.55 ± 4.46
4.80
0.38–13.40

1.70–10.35

1.54–7.00

12.25–33.95

Range
Mean ± SD
Median
Range
Range

18.09 ± 4.39
17.00
13.00–32.00

Range provides 95% confidence interval. Abbreviations: n — number of cases; FSH — follicle-stimulating hormone; LH — luteinizing hormone
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Figure 1. Dysgenetic gonad of prepubertal child (A, C, E) and adult men (B, D) with disorders of sex development.
Positive reaction with antibodies against PLAP (A, B), OCT3/4 (C, D), c-KIT (E) in germ cells. The brownish staining of
cytoplasm (PLAP and c-KIT) and nuclei (OCT3/4) confirms the diagnosis of testicular carcinoma in situ. Note the wide
intertubular spaces specific for dysgenetic testes structure. Magnification × 200.

children, and either low (80.7%) or normal (19.3%)
in pubertal/adult patients.
All of the gonads displayed features of dysgenesis
under histopathological evaluation (Figure 1). Of
the whole group, 29 (30.85%) were patients with
complete GD, 36 (38.30%) with asymmetric GD
and 29 (30.85%) with partial GD. In the whole documentation we found 6 patients with ovotestes.
Three patients were not included to this study because were younger than 1 year. In the next 3 patients
ovocytes were not found in the wider than normal
cortical part of gonad, and, therefore, ovotestis was
not recognised, but partial GD.
©Polish Society for Histochemistry and Cytochemistry
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The numbers of different types of germ cell neoplasia found in the dysgenetic gonads are given in
Table 2. Diagnoses of GB and overt GCT were based
on specific histological features [22]. Overt GCT
included seminomatous (one 7-year-old patient and
4 pubertal/adults) and non-seminomatous (1 — immature teratoma, 5 — mixed GCT) tumours. The mixed
GCT contained elements of embryonal carcinoma,
yolk sac tumour, teratoma and seminoma.
CIS was indicated not only by histological features,
but also by positive immunohistochemical reactions
with antibodies against PLAP and OCT3/4 in all gonads, as well as against c-KIT in those of prepubertal
www.fhc.viamedica.pl
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Table 2. Germ cell neoplasia in dysgenetic gonads of patients with Y-chromosome
Group

Gonad

GB
n

CIS
n

GCT
n

Total
n (%)

Total in GD types
n (%)

Age: 1.2–10 years
Complete GD
n=6

One

1

0

1

2 (33.3)

Both

2

0

0

2 (33.3)

Asymmetric GD
n = 21

One

1

6

0

7 (33.3)

Both

0

0

0

0

Partial GD
n = 20

One

0

2

0

3 (15.0)

Both

1

9

0

10 (50.0)

17 (36.2)

1 (2.1)

Total n (%)

6 (12.8)

4 (66.7)
7 (33.3)
13 (65.0)
24 (51.1)

Age: 13–32 years
Complete GD
n = 23

One

3

0

4

7 (30.4)

Both

5

0

0

5 (21.7)

Asymmetric GD

One

1

3

4

8 (53.3)

n = 15

Both

0

0

0

0

Partial GD
n=9

One

0

2

2

4 (44.4)

Both

0

2

0

2 (22.2)

9 (19.1)

7 (14.9)

10 (21.3)

Total n (%)

12 (52.2)
8 (53.3)
6 (66.7)
26 (55.3)

Abbreviations: n — number of cases; GB — gonadoblastoma; GD — gonadal dysgenesis; CIS — testicular carcinoma in situ; GCT — germ cell tumour

children (Figure 1). Only samples which expressed
these immunohistochemical diagnostic markers, and
displayed a distinctive pattern of atypical germ cells
with the characteristics of the gonocytes (bigger than
normal spermatogonia, large cytoplasm, hyperchromatic nuclei with prominent nucleoli, big irregular
clumps of heterochromatin), and were located near
the basal membrane in the seminiferous epithelium
were classified as neoplastic CIS cells.
The total risk of germ cell neoplastic lesions
was 51.1% (24/47) in prepubertal children, 55.3%
(26/47) in pubertal/adult patients and 53.2% (50/94)
in the whole group. The risk of neoplasm was 55.2%
(16/29) (children — 4/6, 66.7%, pubertal/adults —
12/23, 52.2%) in patients with the complete GD,
41.7% (15/36) (children — 7/21, 33.3%, pubertal/
/adults — 8/15, 53.3%) in those with asymmetric GD
and 65.5% (19/29) (children — 13/20, 65%, pubertal/
/adults — 6/9, 66.7%) in those with partial GD. Overt
GCT were revealed in 11.7% (11/94) of cases, most
of them (90.9%) in pubertal/adult patients with all
types of GD. GB was found in 16% (15/94) of patients
(children — 6/47, 12.8%, pubertal/adults — 9/47,
19.1%), while CIS in 25.5% (24/94) (children — 17/47,
36.2%, pubertal/adults — 7/47, 14.9%). GB was the
most prevalent in patients with complete GD (11/15,
73.3%), while CIS was most common in patients with
partial GD (15/24, 62.5%). In asymmetric GD the
©Polish Society for Histochemistry and Cytochemistry
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neoplastic lesions were found only in underdeveloped
testes.
Besides the germ cell neoplasia, sertolioma composed of cells with features of foetal/prepubertal Sertoli cells was identified in 2 (2.1%) adult patients, one
in a streak gonad and one in a patient with partial GD.

Discussion
Testicular cancer represents 1–1.5% of male neoplasms, with an incidence of 0.3–1% new cases per
year in the general population of European countries,
mainly in young adults [26–29]. Although the risk of
GCT in dysgenic gonads in patients with Y-chromosome is known to be high, the precise risk has not been
determined. Based on an epidemiological analysis of
GCT established and suspected risk factors, Dieckmann and Pichlmeier [15] attribute levels of evidence
to each of the putative risk factors. GD was assessed
as high risk (up to 25% cumulative risk) but because
of rare, heterogenous cases and small case series
which were regarded as only level IV in the formal
hierarchy of evidence. They established also that risk
factor with the highest level of evidence (level I) is the
presence of undescended testes (cryptorchidism), in
which a cause might be GD [30, 31]. Our previous
study found that adult patients with cryptorchidism
may demonstrate the histological features of GD,
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i.e. decreased seminiferous tubule diameter, thicker
tubular membrane, increased intertubular space or
the presence of tubules with immature Sertoli cells,
and an increased incidence of germ cell neoplastic
lesions (11.1%) [32].
Looijenga et al. [33] classify the risk for GCT
development in the gonads of patients with DSD
and Y-chromosome into high, intermediate, low and
unknown levels. However, this analysis was based on
a limited number of studies. Patients with GD, those
who were positive for testis-specific Y-encoded protein (TSPY) and those with intra-abdominal gonads
were included in the high-risk group (risk 15–60%
based on the literature) [9, 12, 33]. In our patients,
as the dysgenetic gonads were located in the minor
abdominal cavity or in the upper segment of the
inguinal canal, a high risk of GCT was suspected.
Unfortunately, TSPY could not be identified in gonads fixed in Bouin’s fixative. Nevertheless, germ cell
neoplasia could be recognised undoubtedly in about
50% of pubertal/adult patients with GD. Moreover,
the incidence of germ cell neoplasia seemed to be
similar in younger subgroup.
CIS cells were more frequent in the younger
(36.2%) then the older subgroup (14.9%). However,
there are difficulties in the diagnosis of malignant germ
cells in children. CIS cells originate from developmentally arrested foetal germ cells (gonocytes) [4,
16, 34]. A number of studies show that the arrest of
germ cell differentiation is the key event, which may
be followed by malignant transformation and invasive
GCT development, usually occurring in young adults
[16, 32, 35]. CIS cells have some morphological features of gonocytes, but also display a series of antigens
present normally in the foetal period of life, some of
them up to the first year after birth [35, 36]. After this
age, foetal antigen expression is used as an immunohistochemical marker of malignant germ cells. PLAP,
OCT3/4 and c-KIT have been proposed as the best
immunohistochemical markers for malignant germ
cells [37, 38]. While there is no doubt as to their signi
ficance in pubertal or adult men, this is not so obvious
in prepuberty. Cools et al. [11] claim that not all germ
cells expressing foetal antigens are real neoplastic cells
in very young male patients with undervirilisation.
In these patients, germ cells may undergo delayed
maturation, resulting in the prolonged expression
of such embryonic markers as PLAP, OCT3/4 and
c-KIT. The location of the germ cells positive for
these antigens in the centre of seminiferous tubules is
an additional sign of their immaturity. Normally, the
gonocytes differentiate into pre-spermatogonia, and
as part of that process, they move to the basal lamina
of the seminiferous tubule and stop expression of the
©Polish Society for Histochemistry and Cytochemistry
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embryonic genes. Nevertheless, Chemes et al. [8]
claimed that infantile CIS may have both basal and
central location because germ cell distribution is not
yet restricted by a permeability barrier.
The methods used in the present study fulfil the
required criteria to differentiate normal germ cells
with delayed maturation and neoplastic CIS cells,
however, we did not perform the examination of DNA
ploidy in germ cells, what might eventually confirm
the results. Chemes et al. [7, 8] note wide cytological
variation in aneuploid germ cells, ranging from normal-looking large infantile spermatogonia to gonocyte/CIS cells. As the earliest recognizable change in
germ cell neoplastic transformation is thought to be
DNA polyploidy of foetal germ cells, so they propose
careful histopathological examination of cytological
signs of malignancy, their topographic distribution,
immunohistochemical markers and the use of DNA
densitometry to confirm the presence of neoplastic
tendencies in infantile germ cells. In our previous
study among 70 patients from various high-risk groups
of GCT, the incidence of neoplastic lesions was found
to be the highest in children with GD (43.5%) [39],
and the aneuploid DNA content, with pattern typical
of GCT cells, was found in 42–98% of germ cells in
the dysgenetic testes of prepubertal children [21]. The
neoplastic transformation of germ cells in the dysgenetic gonads of prepubertal children was revealed also
by double immunolabelling with antibodies against
PLAP and RBM (germ cell-specific RNA-binding
motif protein encoded by the Y-chromosome) [40,
41]. The RBM protein is expressed in normal male
germ cell nuclei of pubertal and adult testis, as well
as foetal ones from the second trimester of gestation
[42]. The study demonstrated normal germ cells to be
RBM-immunopositive, and PLAP-positive germ cells
to be RBM-immunonegative.
In other study [9] we found that within a group of
46 young patients with DSD aged from 3 months to
19 years the incidence of neoplastic lesions (mostly
bilateral) was 90.9% in those with partial GD, 76.9%
(mostly unilateral) in those with asymmetric GD and
23.1% (unilateral) in those with complete GD. Less
disturbed testicular organogenesis was found to predispose the patient more toward germ cell neoplasia.
Chemes et al. [8] have described the similar findings
in their recent publication. They suggested that disrupted Sertoli cell function in severe dysgenesis may
not only fail to elicit gonocyte differentiation but also
compromise their viability and proliferative capacity.
This observation was confirmed also in milder forms
of GD in adult patients [26]. Nevertheless, the results
of the present study do not indicate significant differences in the incidence of germ cell lesions in either
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complete or partial GD, except the finding that the
neoplastic lesions were found only in underdeveloped
testes, but not streak gonads, of asymmetric GD.
The present study also indicates that overt GCT
are more frequent in pubertal/adult patients than in
prepubertal children (21.3% vs. 2.1%). This confirms
the observation that GCT predominantly occur from
puberty, when CIS cells start proliferation and give
rise to invasive neoplasia [27]. Furthermore, the
preinvasive germ cell lesions existing in 34.04% (GB
— 19.1%, CIS — 14.9%) pubertal/adult patients may
transform into invasive GCT. It has been previously
revealed that 50% of the testes bearing the precursor
lesion will progress to invasive cancer within 5 years
and 70% will do so within 7 years [34]. Moreover,
increased serum levels of FSH were seen in all patients from the older subgroup, while LH levels were
raised and testosterone levels lowered in most of these
patients. There are suggestions that low testosterone
secretion and the associated increased secretion of
gonadotropins may induce the formation or maintain
neoplastic lesions in dysgenetic testes [16]. Both FSH
and LH were found to be positively correlated with
the number of CIS cells in children with GD [43].
Other clinical studies have shown that in adult men,
FSH and LH may influence the number of premeiotic
germ cells, including CIS cells [44–47].
Because of the commonly known high risk of GCT
occurring in the dysgenetic gonads of patients with
Y-chromosome after puberty and their poor hormonal and gametogenic function, gonadectomy has
been recommended before puberty [2, 48]. However,
prophylactic gonadectomy may deprive some boys of
natural maturation [10], and in some rare cases, their
chance for fertility [49]. Biopsy of dysgenetic gonads
in childhood in order to detect neoplastic cells is
performed rarely (including this study). The biopsy
is controversial because of the low gonadal volume
and the potential risk of worsening the function of
the already compromised testis. However, there are
suggestions that dysgenetic gonads should be biopsied
during orchiopexy or genital surgery in DSD children
[50]. The predictive value of the biopsy sample for the
further development of neoplastic lesions depends
on the availability of specific immunohistochemical
markers, as well as the histological characteristics
[51]. This enables early diagnosis without overtreatment, such as prophylactic gonadectomy in the case
of low tumour risk. Moreover, recent reports show
that testicular biopsy performed in boys does not
have adverse effects such as antisperm antibodies
production or testicular microlithiasis in adulthood
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[52]. The prepubertal biopsy of dysgenetic testes
seems reasonable, because nowadays it is possible
to apply the methods of assisted reproduction even
if single spermatids are found intratesticularly [53].
Patients with relatively good development of testes
and preserved hormonal function demonstrated by
a good response to hCG stimulation (milder forms of
partial GD) have better prognosis to maintain testi
cular function in adulthood, however, they are usually
infertile [54, 55]. In case the premalignant changes
are found, gonadectomy is recommended [51]. The
decision may be additionally supported by low testo
sterone production and low volume of gonads. In adult
patients with a higher risk of testicular GCT (i.e. DSD,
undescendent testes, GCT in the contralateral testis)
it is no doubt that biopsy should be recommended,
especially, when increased FSH concentration, low
testicular volume, poor semen parameters and/or
microcalcifications are found [56].

Conclusions
In conclusion, dysgenetic gonads in patients with
Y-chromosome have a high risk of germ cell neoplasia (ca. 50%). If they are preserved until puberty/
/early adulthood they may develop overt, invasive
GCT. The gonads have also poor hormonal activity
(hypergonadotropic hypogonadism) in most of the
patients. However, each case must be considered individually and a decision to remove the gonad or not
should be based on the comprehensive analysis of the
phenotype by a multidisciplinary team of specialists
in consultation with the patient and/or the parents. If
dysgenetic gonads are not resected in childhood, these
patients need careful ongoing follow-up examination,
including biopsy.

Acknowledgements
This study was supported by grants No. N N407
277339 from the Polish Ministry of Science and Higher Education, No. UMO-2012/05/B/NZ5/01308 from
the National Centre of Science and No. 503-1089-3
from the Medical University of Lodz, Poland.
The authors thank Mrs. Teresa Porada from the
Department of Andrology and Reproductive Endocrinology, Medical University of Lodz, Poland, for
the histological processing of gonadal tissues and Mr.
Edward Lowczowski from the Centre for the Teaching
of Foreign Languages, Medical University of Lodz,
for checking and improving the English language in
the article.

www.fhc.viamedica.pl

Neoplasia in testicular dysgenesis

References
1.
2.
3.
4.

5.

6.
7.

8.

9.

10.

11.

12.

13.

14.
15.
16.

Nezelof C. Gonadal dysgenesis and agenesis: anatomical
expression. Bulletin de l’Association des Anatomistes. 1991;
75:43–45. PMID: 1782464.
Berkovitz GD, Seeherunvong T. Abnormalities of gonadal
differentiation. Baill Clin Endocrinol Metab. 1998;12:133–142.
PMID: 9890065.
Krausz C, Looijenga LH. Genetic aspects of testicular germ
cell tumors. Cell Cycle. 2008;7:3519–3524. doi: 10.4161/
/cc.7.22.6980.
Rajpert-DeMeyts E. Developmental model for the pathoge
nesis of testicular carcinoma in situ: genetic and environmental
aspects. Hum Reprod Update. 2006;12:303–323. doi: 10.1093/
/humupd/dmk006.
Olesen IA, Sonne SB, Hoei-Hansen CE, Rajpert-DeMeyts E,
Skakkebaek NE. Environment, testicular dysgenesis and
carcinoma in situ. Best Pract Res Clin Endocrinol Metab.
2007;21:462–478. doi: 10.1016/j.beem.2007.04.002.
Van Der Zwan YG, Stoop H, Rossello F, White SJ, Looijenga
LH. Role of epigenetics in the etiology of germ cell cancer.
Int J Dev Biol. 2013;57:299–308. doi: 10.1387/ijdb.130017ll.
Chemes H, Muzulin PM, Venara MC, Mulhmann Mdel C,
Martinem M, Gamboni M. Early manifestation of testicular
dysgenesis in children: pathological phenotypes, karyotype
correlations and precursor stages of tumour development.
Acta Pathol Microbiol Immunol Scand. 2003;111:12–23.
PMID: 12760349.
Chemes HE, Venara M, del Rey G et al. Is a CIS phenotype
apparent in children with Disorders of Sex Development?
Milder testicular dysgenesis is associated with higher risk of
malignancy. Andrology. 2015;3:59–69. doi: 10.1111/andr.301.
Slowikowska-Hilczer J, Romer TE, Kula K. Neoplastic potential of germ cells in relation to disturbances of gonadal organogenesis and changes in karyotype. J Androl. 2003;24:270–278.
doi: 10.1002/j.1939-4640.2003.tb02672.x.
Slowikowska-Hilczer J, Szarras-Czapnik M, Sosnowski M et
al. Testicular dysgenesis with neoplastic lesion in an intersexual man: clinical observation and treatment from the neonatal
period of life to the 29th year. Ped Urol. 2005;58:125–128.
Cools M, Van Aerde K, Kersemaekers AM et al. Morpholo
gical and immunohistochemical differences between gonadal
maturation delay and early germ cell neoplasia in patients
with undervirilisation syndromes. J Clin Endocrinol Metab.
2005;90:5295–5303. doi: 10.1210/jc.2005-0139.
Kojima Y, Mizuno K, Nakane A, Kato T, Kohri K, Hayashi Y.
Long-term physical, hormonal, and sexual outcome of males
with disorders of sex development. J Ped Surg. 2009;44:1491–
–1496. doi: 10.1016/j.jpedsurg.2008.10.111.
Blanc T, Ayedi A, El-Ghoneimi A et al. Testicular function
and physical outcome in young adult males diagnosed with
idiopathic 46 XY disorders of sex development during childhood. Eur J Endocrinol. 2011;165:907–915. doi: 10.1530/
EJE-11-0588.
Hughes IA. Disorders of sex development: a new definition
and classification. Best Pract Res Clin Endocrinol Metab.
2008;22:119–134. doi: 10.1016/j.beem.2007.11.001.
Dieckmann KP, Pichlmeier U. Clinical epidemiology of
testicular germ cell tumours. World J Urol. 2004;22:2–14.
PMID: 15034740.
Rajpert-DeMeyts E, Hoei-Hansen CE. From gonocytes to
testicular cancer: the role of impaired gonadal development.
Ann New York Acad Sci. 2007;1120:168–180. doi: 10.1196/
annals.1411.013.

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2015
10.5603/FHC.a2015.0021

225

17. Woodward PJ, Heidenreich A, Looijenga LH, Oosterhuis JW,
McLeod DG, Maller H. Germ cell tumours. In: Eble JN,
Sauter G, Epstein J, Sesterhenn I, eds. WHO Classification
of Tumours. Pathology and Genetics of Tumours of the Urinary System and Male Genital Organs. Lyon: IARC Press;
2004:217–278.
18. Sobin LH, Gospodariwicz M, Wittekind C, eds. TNM classification of malignant tumors. UICC International Union
Against Cancer, 7th edn. Wiley-Blackwell; 2009:249–254.
19. Müller J. Carcinoma in situ of the testis in children with
45,X/46,XY gonadal dysgenesis. J Pediat. 1985;106:431–436.
PMID: 3973780.
20. Müller J. Abnormal infantile germ cells and development of
carcinoma in situ in maldeveloped testes: a stereological and
densitometric study. Int J Androl. 1987;10:543–567. PMID:
2886440.
21. Slowikowska-Hilczer J. Nuclear DNA content and prolif
erative potential of human gonocytes in the testes of intersex
children. Folia Histochem Cytobiol. 2001;39:167–168. PMID:
11374808.
22. Cools M, Stoop H, Kersemaekers AMF et al. Gonadoblastoma arising in undifferentiated gonadal tissue within dysgenetic
gonads. J Clin Endocrinol Metab. 2006;91:2404–2413. doi:
10.1210/jc.2005-2554.
23. Talerman A. The pathology of gonadal neoplasm composed
of germ cells and sex cord stroma derivatives. Pathol Res Pract.
1980;170:24–38. PMID: 18788150.
24. Lindhardt JM, Hagen CP, Rajpert-De Meyts E et al.
45,X/46,XY mosaicism: phenotypic characteristics, growth,
and reproductive function — a retrospective longitudinal
study. J Clin Endocrinol Metab. 2012;97:E1540–E1549. doi:
10.1210/jc.2012-1388.
25. Diamond FB, Bercu BB. Normative laboratory results. In: Pescowitz OR, Eugster EA, eds. Pediatric endocrinology: mechanisms, manifestations and management. Lippincott, Williams
and Wilkins, A Wolters Kluwer Company; 2004:780–823.
26. Giwercman A, Muller J, Skakkebaek NE. Prevalence of
carcinoma in situ and other histopathological abnormalities
in testes from 399 men who died suddenly and unexpectedly.
J Urol. 1991;145:77–80. PMID: 1984105.
27. Møller H, Evans H. Epidemiology of gonadal germ cell
cancer in males and females. APMIS. 2003;111:43–46. doi:
10.1034/j.1600-0463.2003.11101071.x.
28. Ferlay J, Bray F, Steliarova-Foucher E, Forman D. Cancer
Incidence in Five Continents, CI5plus. IARC CancerBase no.
9, 2013.
29. La Vecchia C, Bosetti C, Lucchini F et al. Cancer Mortality
in Europe, 2000–2004, and an overview of trends since 1995.
Ann Oncol. 2010;21:1323–1360. doi: 10.1093/annonc/mdp530.
30. Ritzén EM. Undescended testes: a consensus on management. Eur J Endocrinol. 2008;159:S87–S90. doi: 10.1530/
EJE-08-0181.
31. Virtanen HE, Rajpert-De Meyts E, Main KM, Skakkebaek
NE, Toppari J. Testicular dysgenesis syndrome and the development and occurrence of male reproductive disorders.
Toxicol Appl Pharmacol. 2005;207:501–505. doi: 10.1016/j.
taap.2005.01.058.
32. Guminska A, Oszukowska E, Kuzanski W et al. Less advanced
testicular organogenesis is associated with a higher incidence
of germ cell neoplasia. Int J Androl. 2010;33:153–162. doi:
10.1111/j.1365-2605.2009.00981.x.
33. Looijenga LH, Hersmus R, Oosterhuis JW, Cools M, Drop SL,
Wolffenbuttel KP. Tumor risk in disorders of sex development

www.fhc.viamedica.pl

226

34.

35.

36.

37.

38.
39.
40.

41.

42.

43.

44.

Jolanta Slowikowska-Hilczer et al.

(DSD). Best Pract Res Clin Endocrinol Metab. 2007;21:480–
–495. doi: 10.1016/j.beem.2007.05.001.
Skakkebaek NE, Berthelsen JG, Giwercman A, Müller J.
Carcinoma-in-situ of the testis: possible origin from gonocytes
and precursor of all types of germ cell tumors except spermatocytoma. Int J Androl. 1987;10:19–28. PMID: 3034791.
Hersmus R, de Leeuw BH, Wolffenbuttel KP et al. New
insights into type II germ cell tumor pathogenesis based on
studies of patients with various forms of disorders of sex development (DSD). Mol Cell Endocrinol. 2008;291:1–10. doi:
10.1016/j.mce.2008.02.028.
Jorgensen N, Giwercman A, Muller J, Skakkebaek NE. Immunohistochemical markers of carcinoma in situ of the testis
also expressed in normal infantile germ cells. Histopathology.
1993;22:373–378. PMID: 8514281.
Honecker F, Stoop H, De Krijger R et al. Pathobiological
implications of the expression of markers of testicular carcinoma in situ by foetal germ cells. J Pathol. 2004;203:849–857.
doi: 10.1002/path.1587.
Oosterhuis JW, Stoop H, Dohle G. A pathologist’s view
on the testis biopsy. Int J Androl. 2011;34:e14–e19. doi:
10.1111/j.1365-2605.2011.01204.x.
Slowikowska-Hilczer J, Walczak-Jedrzejowska R, Kula K. Immunohistochemical diagnostics of preinvasive testicular carcinoma.
Folia Histochem Cytobiol. 2001;39:67–72. PMID: 11374842.
Schreiber L, Lifschitz-Mercer B, Paz G et al. Double immunolabeling by the RBM and the PLAP markers for identifying
intratubular (in situ) germ cell neoplasia of the testis. Int J Surg
Pathol. 2003;11:17–20. doi: 10.1177/106689690301100104.
Schreiber L, Lifschitz-Mercer B, Paz G et al. Lack of RBM
expression as a marker for carcinoma in situ of prepubertal
dysgenetic testis. J Androl. 2003;24:78–84. doi: 10.1002/j.19394640.2003.tb02644.x
Elliott DJ, Millar MR, Oghene K et al. Expression of RBM
in the nuclei of human germ cells is dependent on a critical
region of the Y chromosome long arm. Proc Natl Acad Sci
USA. 1997;94:3848–3853. PMID: 9108067.
Slowikowska-Hilczer J, Szarras-Czapnik M, Kula K. Testicular pathology in 46,XY dysgenetic male pseudohermaphroditism. An approach to pathogenesis of testis cancer. J Androl.
2001;5:781–791. doi: 10.1002/j.1939-4640.2001.tb02581.x.
Kula K. Hyperactivation of early steps of spermatogenesis
compromises meiotic insufficiency in men with hypergo
nadotropism. A possible quantitative assay for high FSH/
/low testosterone availabilities. Andrologia. 1991;23:127–133.
PMID: 1952117.

45. Kula K, Słowikowska-Hilczer J, Walczak R, Oszukowska E.
Hormones and premeiotic spermatogenesis in man and rat.
A possible involvement of estradiol and prolactin. Pol Endocrinol. 1997;2(Suppl. 3):75–89.
46. Foresta C, Bettella A, Ferlin A, Garolla A, Rossato M. Evidence for a stimulatory role of follicle-stimulating hormone
on the spermatogonial population in adult males. Fertil Steril.
1998;4:636–642. doi: 10.1016/S0015-0282(98)00008-9.
47. Foresta C, Bettella A, Merico M, Garolla A, Ferlin A,
Rossato M. Use of recombinant human follicle-stimulating
hormone in the treatment of male factor infertility. Fertil
Steril. 2002;77:238–244. doi: 10.1016/S0015-0282(01)
02966-1.
48. Danon M, Friedman SC. Ambiguous genitalia, micropenis,
hypospadias, and cryptorchidism. In: Lifshitz F, ed. Pediatric
endocrinology. New York, Basel, Hong Kong: Marcel Dekker
Inc; 1996:281–303.
49. Goossens E, Tournaye H. Male fertility preservation, where
are we in 2014? Ann Endocrinol (Paris). 2014;75:115–117. doi:
10.1016/j.ando.2014.03.011.
50. Looijenga LH, Hersmus R, de Leeuw BH et al. Gonadal
tumours and DSD. Best Pract Res Clin Endocrinol Metab.
2010;24:291–310. doi: 10.1016/j.beem.2009.10.002.
51. Cools M, Looijenga L, Wolffenbuttel KP, T’Sjoen G. Managing the risk of germ cell tumourigenesis in disorders of sex
development patients. Endocr Dev. 2014;27:185–196. doi:
10.1159/000363642.
52. Patel RP, Kolon TF, Huff D et al. Testicular microlithiasis and
antisperm antibodies following testicular biopsy in boys with
cryptorchidism. J Urol. 2005;174:2008–2010. doi: 10.1097/01.
ju.0000176480.93985.37.
53. Bryson CF, Ramasamy R, Sheehan M, Palermo GD, Rosenwaks Z, Schlegel PN. Severe testicular atrophy does not affect
the success of microdissection testicular sperm extraction.
J Urol. 2014;191:175–178. doi: 10.1016/j.juro.2013.07.065.
54. Condorelli R, Calogero AE, La Vignera S. Relationship between testicular volume and conventional or nonconventional
sperm parameters. Int J Endocrinol. 2013;2013:145792. doi:
10.1155/2013/145792.
55. Guercio G, Rey RA. Fertility issues in the management of
patients with disorders of sex development. Endocr Dev.
2014;27:87–98. doi: 10.1159/000363633.
56. Dieckmann KP, Kulejewski M, Heinemann V, Loy V. Testicular biopsy for early cancer detection objectives, technique
and controversies. Int J Androl. 2011;34:e7–e13. doi: 10.1111/j.
1365-2605.2011.01152.x.
Submitted: 30 March, 2015
Accepted after reviews: 25 August, 2015
Available as AoP: 28 August, 2015

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2015
10.5603/FHC.a2015.0021

www.fhc.viamedica.pl

