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Summary
Teratomas show diverse biologic behaviour and prognosis
as well as variable histological features. Importantly, post-
pubertal testicular teratomas composed of mature com-
ponents have a potential for malignant behaviour, in
contrast to ovarian dermoid cysts and pre-pubertal testic-
ular teratomas which are considered almost always
benign. On the other hand, the biological behaviour and
histogenesis of extragonadal teratomas are still not fully
elucidated. In this study of mediastinal mature teratoma
(MT), we investigated clinicopathological features and
chromosome 12 short arm (12p) status which constitutes a
major genetic aberration in the germ cell tumours (GCT)
and is indicative of malignant potential. A total of 123
cases of primary mediastinal MT were included, and clin-
ical data were retrieved regarding demographic informa-
tion, adjuvant treatment, post-operative clinical course,
and level of serum tumour markers. Histopathological
features were evaluated in 123 cases and 12p status was
studied by FISH in 25 cases. Female predilection was
identified in the post-pubertal group (38 males vs 77 fe-
males), and paediatric teratoma cases had longer follow-
up (mean 62.2 months vs 26.5 months). All patients had
excellent prognosis with no tumour-associated death,
regardless of age and sex. None of the MT cases had
cytological atypia and all 21 cases finally evaluated by
fluorescence in situ hybridisation were negative for 12p
over-representation. Our results support the benign nature
of mediastinal MT and suggest the possibility that it may
share a common histogenesis with pre-pubertal type
GCTs.
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teratoma; isochromosome 12p.

Received 30 April, revised 16 August, accepted 4 October 2018
Available online 20 November 2018
INTRODUCTION
Germ cell tumour (GCT) is one of the most common cancers
in adolescence and comprises a heterogeneous group of tu-
mours.1,2 While the overwhelming majority arises from the
gonads, a small proportion of GCT can be found in extra-
gonadal sites, such as the pineal/intracranial space, medias-
tinum and sacrococcygeal region.3,4 The biological
behaviour of GCTs depends on various independent factors
and extragonadal GCTs have different clinical characteristics
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from gonadal GCTs even when they contain histologically
similar components.5

Teratomas are classified as a member of GCTs and, by
definition, have tissues or organ components derived from
more than one germ layer.6 Their biological behaviours vary
depending on age, sex, site or histological features. The
crucial determinant of aggressive behaviour of ovarian tera-
toma is the presence of immature components or malignant
transformation of their elements. However, the appraisal of
malignant potential is more complicated in post-pubertal
testicular teratoma, which has a potential for malignant
behaviour even when the tumours consist entirely of mature
components.7,8 This malignant potential for post-pubertal
testicular teratoma is explained by the development of type
II non-seminomatous GCT. During the process, semi-
nomatous cells are reprogrammed to totipotent embryonal
carcinoma (EC) cells, which may give rise to somatic lineage
in varying degrees of maturation.9 This pathway is different
from that of type I or IV GCTs, which originate from direct
reprogramming of methylated primitive germ cells (PGCs)/
gonocytes or oogonia/oocytes, without prior malignant
transformation.10

The histogenesis of extragonadal GCT has not been clearly
elucidated and there is a limited number of studies regarding
extragonadal teratomas.6,11,12 Two recent series suggest the
benign nature of sacrococcygeal teratomas regardless of age,
sex or the presence of immature components.6,11 Intermediate
biological behaviour has been reported in mediastinal tera-
tomas but has not been sufficiently validated.12

Over-representation of 12p is a landmark finding in the
majority of malignant testicular GCTs,13 found as isochro-
mosome 12p (i12p) in about 80% of invasive testicular GCTs
and as 12p amplification due to other chromosomal changes
in the remaining 20%.14,15 Chromosome material on extra
copies of 12p is thought to suppress induction of apoptosis of
invasive tumour cells.16 This cytogenetic characteristic has
been employed as a molecular indicator of malignancy in
some unusual GCTs with uncertain histogenesis. For
example, there have been reports on benign teratomas in post-
pubertal testis, which suggest the existence of post-pubertal
type I GCT in testis.8 The benign nature of such tumours
was supported by the absence of germ cell neoplasia in situ
and the lack of 12p over-representation as was also the case in
sacrococcygeal teratomas.6,11 To date, there have been only a
few reports on 12p status in mediastinal GCT.
Herein, we sought to evaluate the clinicopathological

features of mature mediastinal teratomas and analyse 12p
status to understand the biological nature and predict
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clinical behaviour, especially in post-pubertal male
patients.

MATERIALS AND METHODS
Clinicopathological evaluation

The surgical pathology database at the Samsung Medical Center, Seoul,
Korea, was searched for primary mediastinal mature teratoma (MT) cases
between 1996 and 2015. Two pathologists (TL and GK) reviewed all
haematoxylin and eosin stained slides along with available gross photographs.
Cases of benign dermoid cyst were not included, defined as unilocular cyst
composed only of stratified squamous epithelium and associated adnexa.9

Among all 133 primary mediastinal MT cases, 10 cases were excluded
because slides and paraffin blocks were not available. Clinical and laboratory
data, including age, sex, tumour size, alpha-fetoprotein (AFP), carcinoem-
bryonic antigen (CEA), beta-human chorionic gonadotropin (b-hCG), sur-
gical resection, adjuvant chemotherapy, survival, recurrence and follow-up
were retrieved from electronic medical records. This study was approved by
the institutional review board of Samsung Medical Center.

Construction of tissue microarrays

Twenty-fiveMT cases focusing on the post-pubertal male group were selected
to test for 12p status by fluorescence in situ hybridisation (FISH), considering
fixation status and representativeness of tumour components. Two, 18 and 5
cases were included from pre-pubertal, post-pubertal male and post-pubertal
female groups, respectively. Upon slide review, two histologically repre-
sentative and diverse areas in each tumour were preferentially selected with a
2 mm diameter. Tissue microarray (TMA) blocks were produced according to
the standard procedure,17 using a manual tissue microarrayer (Quick-Ray
UT06; Unitima, Republic of Korea).
For validation of the FISH probe, an additional TMA of gonadal GCT cases

was constructed containing one pre-pubertal teratoma, one post-pubertal
teratoma, one mixed GCT and two seminoma cases. Nine histologically
different areas were selected in a TMA block, containing components of MT,
EC, immature teratoma (IT) or seminoma.

Fluorescence in situ hybridisation

FISH tests were performed using a CEP 12 control probe (D12Z3; Abbott
Molecular-Vysis, USA) and a LSI KRAS probe for 12p12.1 region on
chromosome 12 (Abbott). The sections were cut from the TMA blocks 4 mm
thick, attached to adhesive-coated slides and dried in an incubator for 16 h at
56�C. After deparaffinisation in xylene and graded ethanol, the slides were
co-denaturated with mixed probe at 73�C for 5 min and hybridised overnight
at 37�C in humidified atmosphere, using Thermobrite (Abbott). Slides were
washed in 0.4x SSC/0.3% NP40 for 2 min, 2x SSC/0.1% NP40 for 1 min at
72�C and for 10 min at room temperature, and counterstained with DAPI.
Signals were assessed under BX51TRF microscope (Olympus, Japan). For
each tumour, 40–160 individual nuclei were evaluated and a ratio of the
Table 1 Summary of clinicopathological features and chromosome 12p data for 1

All Pre-pubertal M

N 123 (100%) 8 (6%)
Age range, years (median) 1–73 (33) 1–9 (3.5)
Follow-up, months 1–195 1–141
Survival 100% (123/123) 100% (8/8)
Recurrence 0% (0/123) 0% (0/8)
Mean size, cm ± 2SD 7.2 ± 6.4 7.1 ± 5.1
AFP 2% (1/47) 0% (0/8)
CEA 0% (0/38) 0% (0/1)
b-hCG 0% (0/30) 0% (0/4)
Chemotherapy 1% (1/123) 0% (0/8)
Surgical resection 100% (123/123) 100% (8/8)
Chromosome 12p 0% (0/21) 0% (0/1)

AFP, alpha-fetoprotein; b-hCG, beta-human chorionic gonadotropin; CEA, carcinoe
available; ND, not done.
a One patient received chemotherapy for incidentally found lung cancer.
averaged 12p to centromere signals above 1.3 was regarded as indicative of
12p over-representation.18 Among 25 cases, four did not satisfy the minimum
nuclear number of evaluation criteria and 21 MT cases were finally evaluated.

RESULTS
Clinicopathological characteristics of 123 mediastinal MT
cases are summarised in Table 1. In eight pre-pubertal MT
patients, sex predilection was not found (4 boys vs 4 girls);
but female predominance was noticed in post-pubertal MT
(38 males vs 77 females). The paediatric patients ranged from
1 to 9 years with a median age of 3.5 years, and the post-
pubertal patients ranged from 14 to 73 years with a median
age of 33 years. The follow-up length was variable, but
generally longer in paediatric cases than in post-pubertal
cases (mean 62.2 months vs 26.5 months). At the time of
diagnosis, age-adjusted serum AFP, CEA and b-hCG levels
were within normal limits in all teratoma patients, except one.
A 37-year-old woman showed mild elevation in serum AFP
level (57 ng/mL) before surgical resection, but she was free of
recurrence during the follow-up period (195 months). All
patients underwent surgical resection. One 39-year-old
female patient received chemotherapy for lung cancer, which
was detected 3 years after the diagnosis of MT. Recurrence or
metastasis was not identified, and all patients survived during
the follow-up period.
The mean tumour size showed no difference regardless of

sex and age. Most tumours were well-demarcated cystic and/
or solid masses. Forty-four cases (36%) showed unilocular
cystic tumour (1 pre-pubertal vs 12 post-pubertal males vs
31 post-pubertal females) which usually contained greasy
materials and hair, 56 cases (46%) were multilocular or
mixed cystic and solid (4 pre-pubertal vs 19 post-pubertal
males vs 33 post-pubertal females), and 14 cases (11%)
were solid (3 pre-pubertal vs 3 post-pubertal males vs 8 post-
pubertal females). Nine cases (4 post-pubertal males and 5
post-pubertal females) had been submitted in fragmented
lumps and gross morphology had not been adequately
described. On microscopic examination, the most common
component in all 123 MT cases was keratinising or non-
keratinising squamous epithelium found in 116 cases
(94%), followed by adnexa (78 cases, 63%), respiratory-
type epithelium (75 cases, 61%), and fat (68 cases, 55%).
In eight pre-pubertal MT cases, the most common compo-
nent was cartilage, found in seven cases (88%), followed by
23 mature mediastinal teratoma cases

T Post-pubertal MT male Post-pubertal MT female

38 (31%) 77 (63%)
14–70 (39) 14–73 (32)
1–109 1–195
100% (38/38) 100% (77/77)
0% (0/38) 0% (0/77)
7.3 ± 6 7.3 ± 6.8
0% (0/17) 4% (1/22)
0% (0/16) 0% (0/21)
0% (0/8) 0% (0/18)
0% (0/38) 1%a (1/77)
100% (38/38) 100% (77/77)
0% (0/12) 0% (0/8)

mbryogenic antigen; IT, immature teratoma; MT, mature teratoma; NA, not
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squamous epithelium (6 cases, 75%) and fat (6 cases, 75%).
Thirty-eight male post-pubertal MT cases showed squamous
epithelium in 37 cases (97%), followed by adnexa (24 cases,
63%), respiratory-type epithelium (22 cases, 58%) and fat
(21 cases, 55%). Similarly, 77 post-pubertal female MT
cases had squamous epithelium in 73 cases (95%), followed
by adnexa (51 cases, 66%), respiratory-type epithelium (48
cases, 62%), and fat (41 cases, 53%) (Table 2). There was no
significant difference in the predominant component be-
tween the male and female groups. None of the cases
showed cytological atypia or coexistence of yolk sac tumour
(YST) component (Fig. 1).
Over-representation of 12p was studied by FISH and the

probes were first validated by the control TMA block
containing various GCT from testis. Over-representations of
12p signal were identified with seminoma cases but not in the
benign MT cases (Fig. 2). Average 12p to centromere signal
ratio of seminoma was 1.31.
None of the 21 cases evaluated by FISH, composed of one

pre-pubertal, 15 post-pubertal male and 5 post-pubertal female
cases, showed presence of i12p or 12p amplification (Table 1,
Fig. 1). Only a few coincident increases in CEP 12 and 12p
signals were identified, but 12p/centromere ratio was between
0.77 and 0.93 (Supplementary Table 1, Appendix A).

DISCUSSION
Biological behaviour of teratoma in post-pubertal patients is
an interesting issue. Testicular teratomas in post-pubertal
patients almost always carry possibilities of invasive
growth, recurrence and metastasis, and thus are classified as a
malignancy,7 while dermoid cyst in ovary as well as teratoma
in pre-pubertal testis are deemed entirely benign. These
divergent behaviours can be comprehended in the context of
histogenesis models of germ cell neoplasms, according to
their development potential.19 Pre-pubertal testicular tera-
toma is classified as type I GCT which probably arises from
one pluripotent methylated PGC/gonocyte, and type IV GCT
or dermoid cyst of ovary arises from oogonia/oocyte. Except
teratoma harbouring a YST component or high degree IT in
ovary,20 all of these tumours, henceforth referred to as ‘pre-
pubertal type’, follow a favourable clinical course and show a
normal diploid karyotype lacking chromosomal aberra-
tions.10 In contrast, post-pubertal testicular teratoma is clas-
sified as type II GCT which arises from hypomethylated
PGC/gonocyte. Totipotent EC cells, which are reprog-
rammed from seminomatous cells, lead to all lineages of
Table 2 Summary of histological components for 123 mediastinal mature teratom

All (123) Pre-pubertal MT (8)

Squamous epithelium 116 (94%) 6 (75%)
Adnexa 78 (63%) 3 (38%)
Respiratory-type epithelium 75 (61%) 5 (63%)
Glandular-type epithelium 38 (31%) 4 (50%)
Glands, NOS 28 (23%) 2 (25%)
Acini-type epithelium 38 (31%) 4 (50%)
Fat 68 (55%) 6 (75%)
Smooth muscle 30 (24%) 5 (63%)
Cartilage 61 (50%) 7 (88%)
Bone 14 (11%) 3 (38%)

MT, mature teratoma; NOS, not otherwise specified.
embryogenesis including somatic lineage.21,22 The over-
whelming majority of testicular teratomas in post-pubertal
patients, henceforth referred to as ‘post-pubertal type’, usu-
ally show aneuploidy, chromosomal rearrangements, and
cytological atypia.10

Unlike testicular teratomas of adolescents and adults, post-
pubertal extragonadal MTs are generally regarded as
benign.23 However, since post-pubertal extragonadal tera-
tomas are rare, the clinical evidence is not sufficient and the
clinical decisions on treatment are based on a few anecdotal
experiences and inferences. Clinicopathological characteris-
tics and genetic aberrations of sacrococcygeal teratomas in
two recent studies showed that the tumours behave in a
benign manner with favourable outcome,6,11 whereas in the
anterior mediastinum teratomas are not always benign.12

Therefore, it is clinically important to elucidate the malig-
nant potential of mediastinal MT, which will also help to gain
insight into the histogenesis of GCT.
Diverse genetic abnormalities in GCT have been stud-

ied.14,15 Over-representation of 12p is the major genetic ab-
erration in testicular as well as other types of GCT, and is
often used as an indicator of malignant potential.14 Approx-
imately 80% of testicular GCT cases have i12p and the
remainder have 12p amplification.15 A number of post-
pubertal testicular teratomas harbour this cytogenetic abnor-
mality independent of histological component, but only a few
studies have been conducted regarding 12p status in extra-
gonadal teratomas. In the sacrococcygeal region, no cytoge-
netic aberrations or over-representation of 12p was identified,
in either pre- or post-pubertal teratomas, unless an additional
malignant GCT component was present.6,11,24 Cytogenetic
profiles in mediastinal GCTs have been reported in a few
articles with conventional cytogenetic analysis25 or array
comparative genomic hybridisation (CGH)26 performed in a
small number of cases, but 12p over-representation status in
mediastinal teratomas has not been studied with FISH to the
best of our knowledge.
In our study, all mediastinal MT cases had an uneventful

clinical course, regardless of age or sex, and therefore sur-
gical resection was sufficient for all patients except one who
had lung cancer. None of the components in any cases
showed cytological atypia, which is frequently identified in
post-pubertal testicular teratoma.7 In 21 cases we evaluated
for FISH, i12p or 12p amplification was totally absent,
supporting the benign nature of mediastinal MTs similar to
pre-pubertal type GCT.
as

Post-pubertal MT male (38) Post-pubertal MT female (77)

37 (97%) 73 (95%)
24 (63%) 51 (66%)
22 (58%) 48 (62%)
13 (34%) 21 (27%)
9 (24%) 17 (22%)
12 (32%) 22 (29%)
21 (55%) 41 (53%)
11 (29%) 14 (18%)
19 (50%) 35 (45%)
4 (11%) 7 (9%)



Fig. 1 Microscopic examination and 12p FISH analysis of mediastinal teratomas. (A) Squamous epithelium and adnexa are the most common components, (B) followed
by respiratory-type epithelium (H&E stain). None of the cases showed cytological atypia. (C,D) Increased 12p/CEP12 ratio which indicates i12p or 12p amplification
was not identified in all selected 21 cases, regardless of age, sex, and type of components.

Fig. 2 Validation for 12p FISH test. (Green, CEP 12; Orange, LSI KRAS for 12p). (A) Chromosome 12p to centromere ratio is not increased in FISH, in stratified
ciliated epithelium of mature teratoma (inset, H&E stain). (B) Over-representation of 12p is identified in testicular seminoma (inset, H&E).
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Pre-pubertal type testicular teratomas have been recently
reported in post-pubertal patients.8,27 Typically these tu-
mours are well differentiated without cytological atypia,
germ cell neoplasia in situ, or cytogenetic alteration. They
share some typical features of pre-pubertal type GCT,
showing hair-containing cysts and rare progression to YST.8

Mediastinal MTs in post-pubertal patients also have similar
macroscopic and microscopic appearances,28 with these
features suggesting the possibility of common origin and
histogenesis for pre-pubertal type GCT and mediastinal MT.
Considering the existence of a teratoma component in

mediastinal mixed GCT, it is reasonable to assume that at
least some of these tumours may evolve into mediastinal
teratoma of type II GCT. The observation that 12p over-
representation was absent from our cases of post-pubertal
mediastinal MTs in males implies that all the analysed
cases of our series are benign and that MT of type II GCT is
vanishingly rare in the mediastinum. However, it cannot be
completely excluded based on our observation that histo-
genesis of mediastinal MT may be different from testicular
GCT and that even MT which has evolved from malignant
GCT may not have 12p over-representation, as is the case in
malignant ovarian GCT. Although cases of malignant
mediastinal GCT such as germinoma were not included in
our study, a few studies have documented the presence of 12p
over-representation in mediastinal GCT. Therefore, taken
together, our results suggest that the overwhelming majority
of post-pubertal mediastinal MTs in male patients are pre-
pubertal type GCTs, unlike testicular teratoma in the post-
pubertal age group. A recent study in sacrococcygeal tera-
tomas has suggested the presence of pre-pubertal type in that
region6 and additional studies are required to extrapolate this
finding to other extragonadal sites.
Failure to include diverse forms of GCT with teratoma

component is a major limitation of this study. It would have
provided more information if the cases encompassed
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mediastinal IT or malignant mediastinal GCT in pure form or
mixed with teratoma. A recent study in the sacrococcygeal
region showed absence of i12p and excellent outcome in all
nine paediatric IT cases which did not have malignant germ
cell component.11 Malignant potential of mediastinal ITs has
not been clearly defined23 and evaluation of 12p over-
representation status in mediastinal IT cases is necessary in
further studies.
The small number of cases studied for cytogenetics is

another limitation. In the post-pubertal male group we
focused on, about 50% (18/38) of cases were tested, with
40% (15/38) finally evaluated by FISH. One of the reasons
for this was that unilocular cystic tumours without a sufficient
solid area were excluded because the thin wall portion is less
likely to be informative in TMA. Alternative techniques such
as chromosome banding analysis and array CGH were
considered for evaluation of chromosomal alteration; how-
ever, they could not be performed due to technical issues and
financial constraints.
In summary, this is the first study to our knowledge that has

explored clinicopathological data and 12p over-
representation status in mediastinal MTs. Our attention was
focused on post-pubertal male patients, and mediastinal MTs
were deemed benign in that clinical setting unlike post-
pubertal testicular teratomas, supported by excellent prog-
nosis, bland histological features, and the absence of 12p
over-representation. It is suggested that post-pubertal medi-
astinal MT in males may share a common origin and histo-
genesis with pre-pubertal type GCT. Further study is required
to make generalised conclusions regarding extragonadal ter-
atomas from other sites.
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