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Sox2 is a transcription factor that plays a critical role in the maintenance of the self-renewal capability of neural
stem cells. This study was undertaken to investigate the expression pattern of Sox2 in mature and immature
teratomas of the central nervous system. Sox2 immunohistochemistry was performed in 14 cases of central
nervous system teratoma: five mature, five immature teratomas, and four mixed germ cell tumors with a
prominent teratoma component. Fetal brain tissue was used as a normal control. Immunofluorescence with
double labeling of stem cells and neuroglial cell markers was used for phenotyping of Sox2-positive cells. In all
cases of immature teratomas, positive reactivity to Sox2 was observed in primitive neuroepithelial tissues. Sox2
was not expressed in mature tissues, except in some cuboidal or columnar epithelium of endodermal origin. In
mature teratomas, Sox2 expression was limited to some endodermal epithelium in two cases, and no Sox2
expression was observed in the other three cases. The majority of Sox2-positive neuroepithelial cells also
expressed neural stem cell markers, nestin and vimentin. Sox2 and neuronal and oligodendroglial markers were
expressed in a mutually exclusive manner. However, mature astroglial cells coexpressed Sox2 and GFAP. In
fetal brain, Sox2 was mainly expressed in ventricular and subventricular zones. Since Sox2 is strongly
expressed in the primitive neuroepithelial tissues of central nervous system immature teratomas, it may be a
useful biomarker for the diagnosis and quantitative grading of central nervous system immature teratomas.
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Mammalian central nervous system development is
a highly organized process consisting of cell
proliferation, migration, differentiation, and apop-
tosis.1–3 The sex determining region of Y chromo-
some-related high mobility group box2 (Sox2) is a
key transcription factor in developmental neurobiol-
ogy, and maintains the self-renewal capability of
neural stem cells.4–8 In particular, Sox2 enables
cellular proliferation, while inhibiting neuronal fate
commitment. Sox2 is highly expressed in neural
stem cells, neural plates, and throughout the full
thickness of early stage neural tubes, and later in the
ventricular zone of the developing central nervous
system.6,7,9,10 The transcriptional targets of Sox2
have not been clearly defined, although there is

some evidence that Notch signaling pathway
mediates the activities of Sox2.9

Central nervous system teratomas are uncommon
neoplasms that arise in the suprasellar and pineal
regions, and sometimes in the spinal cord.11–13

Moreover, teratoma immaturity, classically defined
by the presence of primitive neuroepithelial tubules
and/or primitive neuroectodermal tissues, indicates
a borderline malignancy state between mature
teratomas and frank malignant teratomas.11–13 In
the present study, we aimed to investigate the
expression patterns of Sox2 in various tissue
components, including primitive neuroepithelial
tubules, in teratomas. Although the expressions of
Sox2 and its homologues have been studied in many
species, little information is available for human
tissues. Moreover, since teratoma recapitulates hu-
man embryogenesis,14 albeit in a disorganized
fashion, patterns of Sox2 expression in human
tissues are of interest. In particular, in the develop-
ing nervous system, Sox2 expression is a dynamic
phenomenon.6,7,9 In the present study, we attempted
to determine the phenotype of Sox2-positive cells
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using a double immunofluorescence labeling ap-
proach to elucidate Sox2 expression with respect to
neuroglial differentiation.

Although neuroepithelial tubules in immature
teratomas can mimic early stage human neural
tubes, they are not normal in terms of cytogenetic
composition or tissue architecture. Therefore, Sox2
expression patterns in immature teratomas need to
be compared with those in normal brains. In the
present study, we used human fetal brain as a
normal control. Sox2 has been reported to be highly
expressed in the ventricular zone and subventri-
cular zone of chicks and rodents.6,7,9

The diagnosis of immaturity is of crucial clinical
importance because immature teratomas of the
central nervous system have a poorer prognosis
and require more aggressive treatment than mature
teratomas.13,15,16 Pathological diagnoses usually rely
on morphology, although a small number of im-
munohistochemical markers are used to discrimi-
nate neuroepithelial components. Therefore, we
reasoned that if Sox2 were consistently expressed
in primitive neuroepithelial components, it would
be a good candidate marker for immature teratomas.

Materials and methods

Tissue Samples

The paraffin-embedded tumor tissues of 14 cases of
central nervous system teratoma were available from
the Pathology Database at Seoul National University
Hospital, for the period 1995–2004 (Table 1): five
cases of mature teratomas, five cases of immature
teratomas, and four cases of mixed germ cell tumor
(two cases with a prominent mature component and
two cases with an immature component). Mixed
germ cell tumors with a prominent teratoma com-
ponent were included because of the small number
of pure central nervous system teratomas. Paraffin-
embedded tissues were sectioned, 4mm, using a
microtome (Leica, Wetzlar, Germany), and trans-

ferred to silane-coated slides. As a positive control,
the paraffin-embedded tissues of fetal brain, ob-
tained from an autopsied fetus after a therapeutic
abortion at gestational week 14, were used: sections
were prepared in an identical manner. This study
was approved by the Institutional Review Board of
Seoul National University Hospital.

Immunohistochemistry

After incubation in a 601C dry oven for 1h, paraffin-
embedded sections were deparaffinized in xylene
and rehydrated through graded ethanols. For anti-
gen retrieval, sections were microwaved in 10mM
sodium citrate buffer (pH 6.0) for 5min. After
endogenous peroxidase activity had been blocked
in PBS containing 1% Tritons X-100 (Sigma,
St Louis, MO, USA) and 1% H2O2 for 30min, PBS
containing 1.5% normal rabbit serum (Vector
Laboratories, Burlingame, CA, USA) was applied
for 30min. Sections were then incubated with anti-
Sox2 antibody (1:100, goat IgG; R&D Systems,
Minneapolis, MN, USA) at 41C overnight, this was
followed by treatment with biotinylated anti-goat
IgG secondary antibody (1:200, rabbit polyclonal;
Vector Laboratories) for 1h. Positive reactions were
visualized using avidin–biotin complex kits (Vector
Laboratories) with diaminobenzidine (Sigma). Sec-
tions were counter-stained with 0.1% hematoxylin.
Axial brain sections of autopsied fetus containing
abundant areas of germinal matrix were used as a
positive control. A negative control was prepared
by omitting primary antibody, while maintaining
all other procedures. Only nuclear staining with
clear borders was interpreted as true positive:
faint cytoplasmic staining, if present, was deemed
negative.

Immunofluorescence

Deparaffinization and antigen retrieval were per-
formed as described above. Nonspecific antibody

Table 1 Study cases

Case no. Sex Age Location Histopathological diagnosis

1 M 1 month Temporal Immature teratoma
2 F 4 months Spinal cord Immature teratoma
3 M 5 years Pineal Immature teratoma
4 M 2 years Pineal Immature teratoma
5 M 8 years Pineal Immature teratoma
6 M 8 years Pineal Mature teratoma
7 M 8 years Pineal Mature teratoma
8 M 1 year Spinal cord Mature teratoma
9 F 2 months Temporal Mature teratoma
10 M 8 years Pineal Mature teratoma
11 M 23 years Pineal MGCT: immature teratoma (490%)+Germ (o5%)+YST (o5%)
12 F 11 years Pineal MGCT: immature teratoma (40%)+Germ (o10%)+EC (30%)+CC (o10%)
13 F 14 years Pineal MGCT: mature teratoma (65%)+Germ (30%)+EC (o5%)+YST (o5%)
14 M 11 years Suprasellar MGCT: mature teratoma (495%)+Germ (o5%)

M, male; F, female; MGCT, mixed germ cell tumor; Germ, germinoma; YST, yolk sac tumor; EC, embryonal carcinoma; CC, choriocarcinoma.
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binding was blocked in PBS with 10% normal
donkey serum (Vector Laboratories) and 0.3%
Tritons X-100 (Sigma) for 45min. Sections were
then incubated with anti-Sox2 antibody (1:50, goat
IgG; R&D Systems) diluted in PBS containing 0.1%
bovine serum albumin (Sigma) at 41C overnight.
After rinsing, donkey Alex Fluors 488-conjugated
anti-goat IgG secondary antibody (1:200; Invitrogen,
Carlsbad, CA, USA) was applied for 1 h at room
temperature. For double labeling, after blocking in
PBS containing 10% normal goat serum and 0.3%
Tritons X-100, sections were incubated with one of
the following primary antibodies at 41C overnight:
anti-nestin antibody (1:400, mouse IgG; Chemicon,
Temecula, CA, USA), anti-vimentin antibody (1:100,
mouse IgG; DAKO, Glostrup, Denmark), anti-glial
fibrillary acidic protein (GFAP) antibody (1:100,
mouse IgG; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), anti-microtubule associated protein 2
(MAP2) antibody (1:400, rabbit polyclonal; Chemi-
con), anti-Tuj1 antibody (1:400, mouse IgG;
Covance, Berkeley, CA, USA), or anti-2030-cyclic-
nucleotide 30-phosphodiesterase (CNPase) antibody
(1:200, mouse IgG; Abcam, Cambridge, UK). Corre-
sponding secondary antibodies were applied for 1h
at room temperature. The secondary antibodies used
were as follows: Cy3-conjugated goat anti-mouse IgG
(1:100; Invitrogen), Cy3-conjugated goat anti-rabbit
(1:100; Invitrogen). Sections were mounted with
antifading solution containing 40-6-diamidino-
2-phenylindole (DAPI) (Vectashields, Vector Labora-
tories). The sections were observed under a confocal
microscope (Zeiss, Oberkochen, Germany).

Results

In the fetal brain sections (positive control), Sox2
expression was found mainly in the ventricular zone
and subventricular zone (Figure 1a). The number of
Sox2-expressing cells decreased in the intermediate

zone, and Sox2 expression was virtually absent in
the cortical plate and marginal zone. A uniform
dense nuclear staining pattern was observed along
ventricular walls from lateral ventricles to the spinal
cord central canal. Sox2-positive cells in ventricular
zone and subventricular zone coexpressed nestin
(Figure 1b) and GFAP (Figure 1c).

Neuroepithelial tubules in immature teratomas
are typically multilayered, small-sized, and are
disorganized (Figure 2a). However, individual neu-
roepithelial tubules recapitulate the basic morpho-
logy of developing early stage neural tubes, that is,
they have a central lumen, ciliated processes
abutting the lumen, an elongated cellular morpho-
logy, and a stratified pattern (Figure 2b). In all cases
of immature teratomas, Sox2 was robustly expressed
in primitive neuroepithelial tubules and surround-
ing tissues (Figure 2c), but not all the cells
in neuroepithelial tubules expressed Sox2. Sox2
was also strongly expressed in hypercellular areas
that contained round cells and multiple rosettes
and resembled primitive neuroectodermal tumors
(Figure 2d). Rare Sox2-positive cells were obser-
ved in the midst of mature mesenchymal tissues,
and these Sox2-positive cells differed in morphol-
ogy from those in neuroepithelial tubules and
primitive neuroectodermal tumor-like areas, be-
cause those in the mature mesenchymal tissues
had more cytoplasm and elongated processes
and resembled astroglial cells (Figure 2e). Double
immunofluorescence for Sox2 and GFAP confirmed
that they had an astroglial phenotype (Figure 4e and
f). In addition, some endoderm-derived cuboidal or
columnar epithelium showed weak to moderate
reactivity to Sox2 (Figure 2f).

In five cases of mature teratomas, Sox2 was not
expressed in mature tissue except in cuboidal or
columnal epithelium of endodermal origin in two
cases, in which its intensity was weak or moderate,
like that observed in immature teratomas. These
Sox2-positive epithelial regions resembled bron-

a b c

Figure 1 Sox2 expression in fetal brain sections. (a) Sox2 expression in ventricular zone and subventricular zone of the fetal brain.
A uniform and dense nuclear staining pattern was observed along ventricular walls (Sox2 immunohistochemistry, � 200); (b)
immunofluorescence studies showed that Sox2-positive cells in ventricular zone and subventricular zone coexpressed nestin (Sox2
green, nestin red, � 400); (c) some Sox2-positive cells in ventricular zone and subventricular zone also expressed GFAP (Sox2 green,
GFAP red, �800).

Sox2 in central nervous system teratoma
JH Phi et al

744

Modern Pathology (2007) 20, 742–748



chial epithelium (Figure 3a) or fetal type glandular
epithelium (Figure 3b). The expression pattern of
Sox2 in all cases of mixed germ cell tumor was
similar to that described above.

To further characterize Sox2-positive cells, im-
munofluorescence with double labeling was per-
formed. Sox2-positive cells in the neuroepithelial

tubules and cells of the primitive neuroectodermal
tumor-like areas coexpressed the neural stem cell
markers, nestin and vimentin (Figure 4a–c). How-
ever, many Sox2-negative cells also expressed these
markers. Sox2-positive cuboidal epithelium did not
express nestin, confirming that the cells did not
have primitive neuroepithelial characteristics

a c

d e f

b

Figure 2 Sox2 expression patterns in central nervous system immature teratomas. (a) The presence of primitive neuroepithelial tubules
is a pathognomonic feature of immature teratoma (hematoxylin and eosin, �100); (b) individual neuroepithelial tubules recapitulate the
basic morphology of developing early stage neural tubes, and show central lumen, ciliated processes abutting the lumen, an elongated
cellular morphology, and a stratified pattern (� 400); (c) Sox2 was robustly expressed in primitive neuroepithelial tubules and
surrounding tissues (Sox2 immunohistochemistry, �200); (d) Sox2 was highly expressed in primitive neuroectodermal tumor-like areas
(� 200); (e) scattered nests of Sox2-positive cells containing much cytoplasm were observed at sites apart from areas containing an
abundance of neuroepithelial tubules (�400); (f) some cuboidal and ciliated columnar epithelial components of endodermal origin were
also Sox2 positive (�400).

a b

Figure 3 Sox2-positive endodermal epithelium in mature teratomas. (a) Some ciliated columnar epithelium of endodermal origin was
Sox2 positive (Sox2 immunohistochemistry, �200); (b) fetal type glandular epithelium of endodermal origin was also found to express
Sox2 (� 400).
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(Figure 4d). GFAP-positive cell nests were observed
at locations apart from neuroepithelial tubule-rich
areas, which had an astroglial cell-like morphology
with elongated processes, and many of these co-
expressed Sox2 (Figure 4e and f).

Tuj-1, an immature neuronal marker, and MAP2, a
mature neuronal marker, were expressed in the
outer layer of neuroepithelial tubules, but the
number of MAP2 positive cells was smaller. Sox2
expression and those of Tuj-1 and MAP2 were

a b c

d e f

g h i

Figure 4 Immunofluorescence with double labeling for the phenotyping of Sox2-positive cells in central nervous system immature
teratomas. (a) Sox2-positive cells in primitive neuroepithelial tubules coexpressed nestin, a neural stem cell marker (Sox2 green, nestin
red, DAPI blue, �400); (b) Sox2-positive cells also expressed vimentin, another neural stem cell marker. Note the Sox2�/vimentinþ cells
outside neuroepithelial tubules (Sox2 green, vimentin red, DAPI blue, �400); (c) Sox2-positive cells in primitive neuroectodermal
tumor-like areas also expressed nestin (Sox2 green, nestin red, DAPI blue, � 400); (d) Sox2-positive cuboidal epithelium (arrow) did not
express nestin, in contrast to neighboring Sox2þ /nestinþ neuroglial progenitors (Sox2 green, nestin red, � 400); (e) and (f) Sox2þ/GFAPþ

cells (arrow) were found in scattered areas remote from neuroepithelial tubule-rich areas (asterisk) (Sox2 green, GFAP red, DAPI blue;
� 280 and � 400); (g) Tuj-1, an immature neuronal marker, was expressed in the periphery of neuroepithelial tubules. Tuj-1 and Sox2
expressions were found to be mutually exclusive (Sox2 green, Tuj-1 red, �400); (h) MAP2 (a mature neuronal marker) expression was
observed mainly within cells surrounding primitive neuroepithelial tubules. MAP2 and Sox2 expressions were also mutually exclusive
(Sox2 green, MAP2 red, DAPI blue, �400); (i) CNPase, a mature oligodendrocyte marker, was found within neuroepithelial tubules, and
it and Sox2 expressions were also mutually exclusive (Sox2 green, CNPase red, � 400).
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mutually exclusive (Figure 4g and h). Reactivity to
CNPase, a mature oligodendrocyte marker was
found in neuroepithelial tubules, and this too was
not expressed with Sox2 (Figure 4i).

Discussion

Our study demonstrates that Sox2 is consistently
expressed in the primitive neuroepithelial cells of
central nervous system immature teratomas that
comprise primitive neuroepithelial tubules and
primitive neuroectodermal tumor-like areas. Mature
tissue components were negative for Sox2, except
for some cuboidal, columnar endodermal origin.
Sox2 expression was found outside neuroepithelial
tubules, which created a large Sox2-positive field.
On the other hand, not all cells that composed
neuroepithelial tubules expressed Sox2, which
indicates that active cell fate commitment and
neuroglial differentiation took place within and
around primitive neuroepithelial tubules.

Immunofluorescence with double labeling re-
vealed that the majority of Sox2-positive cells also
expressed nestin and vimentin. Sox2þ /nestinþ /
vimentinþ cells were also abundant in primitive
neuroectodermal tumor-like areas. These Sox2þ /
nestinþ /vimentinþ cells represent neuroglial stem/
progenitor cell populations in the primitive neuro-
epithelial tissues of immature teratomas. The prog-
nosis of immature teratomas of central nervous
system depends on the presence and amounts of
these tissues, which is reflected in the pathological
grading of immature teratomas (so-called Norris
grade).11–13 Recent evidences indicate that many
tumors, including brain tumors, harbor a small
population of cancer stem cells that eventually
determine clinical course and prognosis.17–19 One
important characteristic of cancer stem cells is that
they resemble normal stem cells in the specific
tissue in which the cancer originated.20 Sox2þ /
nestinþ /vimentinþ cells in primitive neuroepithe-
lial tissues can be considered as the cancer stem
cells of immature teratomas, because they definitely
constitute an aggressive cellular population in
immature teratomas, and favor recurrence and a
poor prognosis, and because they phenotypically
resemble normal neural stem cells. This could partly
explain the clinical relevance of Norris grade
because it depends on the presence and amount of
tissues enriched with presumptive cancer stem
cells.

Some nestinþ/vimentinþ cells within and around
the primitive neuroepithelial tubules were Sox2
negative. This finding indicates that there may be a
hierarchy of neural stem/progenitor cell markers,
such as, of nestin and Sox2, and that Sox2-positive
cells represent a more specific population of
neuroglial progenitors.

Many GFAP-positive cells outside neuroepithelial
tubules coexpressed Sox2, but Sox2-positive cells,

wherever they were, did not the express neuronal
markers, Tuj-1 and MAP2. Instead, a majority of
Sox2-negative cells within and around primitive
neuroepithelial tubules expressed these neuronal
markers. This result supports the notion that active
cell fate commitment and neuronal differentiation
take place in and around primitive neuroepithelial
tubules. A small portion of cells within neuro-
epithelial tubules expressed CNPase, an oligoden-
droglial marker, and CNPase and Sox2 expression
were found to be mutually exclusive. These findings
on cell fate commitment are consistent with those of
previous studies in animal tissues, which revealed
that Sox2 inhibits neurogenesis, but permits glio-
genesis in neuroglial progenitor cells. Moreover,
mature astrocytes retain Sox2 expression and even
upregulate it when activated, but neurons do not
express Sox2.7,9

One major difference observed between fetal brain
and the primitive neuroepithelial tubules of imma-
ture teratomas was that many Sox2þ/GFAPþ cells
were found in the ventricular zone and subventri-
cular zone of fetal brain, whereas virtually no Sox2þ/
GFAPþ cells were observed in the primitive
neuroepithelial tubules of immature teratomas. Only
mature astroglia-like cells located apart from primi-
tive neuroepithelial tissues displayed Sox2þ/GFAPþ

phenotype in immature teratomas. This fact may
simply reflect the disordered, pathological develop-
ment of primitive neuroepithelial tissues towards a
neuronal fate in immature teratomas. However, it is
also possible that differences in GFAP expression
are related to the variable developmental stages of
tumor and normal fetal brain neuroepithelial tis-
sues, because the oligodendroglial marker, CNPase,
was expressed in the neuroepithelial tubules of
immature teratomas.

In addition to neuroepithelial cells, epithelium of
endodermal origin was also found to express Sox2.
Some reports indicate that Sox2 is involved in
endodermal lineage differentiation. In one study,
Sox2 was found to be expressed in early chick
endodermal epithelium from pharynx to lung and
stomach.21 Other studies on human specimens
showed that Sox2 is expressed in normal stomach
epithelium,22 and in cancers of endodermal origin
tissues.23 However, little is known about the role of
Sox2 during endodermal differentiation.

The diagnosis of immaturity is critically impor-
tant for the management of patients with teratomas
of central nervous system, because the recurrence of
immature teratomas is not uncommon, and thus,
they require closer follow-up and adjuvant treat-
ment after surgical resection.13,15,16 Since teratomas
have a highly heterogeneous composition and
immature neuroepithelial tissue is not uniformly
distributed, but usually confined to some part of the
whole tumor, a risk of underdiagnosis exists.
Furthermore, as described above, immature terato-
ma pathological grading is essentially quantitative,
and is based on an estimate of primitive neuro-
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epithelial tissues. Thus, if a reliable immunohisto-
chemical marker for neuroepithelial tissues is avail-
able, the accuracy of immature teratoma diagnosis
and quantitative grading can be improved. In the
present study, Sox2 was found to be a sensitive
marker of immature neuroepithelial tissue, but not a
specific marker, because differentiated astroglial
cells and some endodermal epithelium were also
observed to express Sox2. Nonetheless, even primi-
tive neuroepithelial cells, which do not constitute
apparent neuroepithelial tubules, were more readily
discernible by Sox2 immunohistochemistry than by
conventional hematoxylin and eosin staining.
Therefore, Sox2 could help to prevent underdiag-
noses and improve the quantitative grading of
central nervous system immature teratomas, pro-
vided the above-mentioned exception concerning
differentiated astroglial cells and endodermal
epithelium is taken into account.

In conclusion, Sox2 was found to be highly
expressed in the primitive neuroepithelial tissues
of immature teratomas of central nervous system,
whereas its expression in other mature tissue was
limited to some epithelium of endodermal origin.
High Sox2 expression in the primitive neuroepithe-
lial tissue, which is the most aggressive component
within immature teratomas, makes this transcription
factor a good marker for proper diagnosis and
quantitative pathological grading.
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