
Summary. SOX10 belongs to the family of transcription
factors essential for the development of neural crest,
peripheral nervous system and melanocytes. It is
presently used in histopathology as a marker of
melanocytic differentiation. SOX10 is expressed in
normal brain tissue in oligodendrocytes, but the
information about SOX10 expression in primary tumors
of the central nervous system is quite limited. In this
study, we examined the expression of SOX10 and Olig2
by immunohistochemistry in a series of 98 glial tumors
and explored their specificity and sensitivity for
differential diagnosis of ependymal vs non-ependymal
tumors. In addition, we examined the expression of
EMA and CD99 in ependymal tumors. SOX10 and
Olig2 staining were scored as negative if no positive
cells or only a few positive cells (typically up to 1-3%)
were found. In all other instances, SOX10 or Olig2
staining was scored as positive. Out of 44 examined
ependymal tumors none was found to express SOX10
and 7 specimens showed only a few SOX10-positive
cells that likely corresponded to entrapped non-
neoplastic oligodendrocytes. In contrast, non-ependymal
tumors expressed SOX10 in 26/54 (48%) specimens.
Olig2 was positive in 5 out of 44 ependymomas (11%)
and 50 out of 54 (93%) non-ependymal tumors
(astrocytomas and oligodendrogliomas). EMA and CD99
expression was found in 33/44 (75%) and 11/44 (25%)

of ependymomas, respectively. SOX10-positivity rules
out the diagnosis of ependymoma among other glial
tumors with high confidence. 
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Introduction

SOX10 (SRY(sex determining region Y)-box 10) is
a member of the SRY-related HMG-box family of
transcription factors essential for the development of
neural crest, peripheral nervous system and melanocytes.
In normal tissues, SOX10 is expressed in
oligodendrocytes, Schwann cells, melanocytes,
myoepithelial cells of the breast, bronchial submucosal
glands, eccrine glands of the skin and salivary glands
(serous acinar cells, luminal and abluminal cells of the
intercalated ducts) (Nonaka et al., 2008; Shin et al.,
2012; Mohamed et al., 2013; Ohtomo et al., 2013).

In neoplasms, nuclear SOX10 expression is found in
benign melanocytic lesions and all melanoma subtypes
(Nonaka et al., 2008; Shin et al., 2012; Mohamed et al.,
2013), including diagnostically challenging cases of
desmoplastic melanoma (Ramos-Herberth et al., 2010;
Palla et al., 2013) and metastatic melanoma (Blochin and
Nonaka, 2009; Jennings and Kim, 2011), with sensitivity
in various studies approaching 100%. Most epithelial
neoplasms tested so far have been SOX10 negative,
except for (i) a proportion of breast carcinomas,
primarily in the basal-like, triple negative and
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metaplastic subgroups (Mohamed et al., 2013; Cimino-
Mathews et al., 2013; Ivanov et al., 2013) and (ii)
salivary gland tumors (acinic cell carcinoma, adenoid
cystic carcinoma, epithelial-myoepithelial carcinoma,
myoepithelioma and myoepithelial carcinoma and
pleomorphic adenoma) (Nonaka et al., 2008; Ivanov et
al., 2013; Ohtomo et al., 2013). Clear cell sarcoma of
soft tissues (melanoma of soft parts) is reportedly
SOX10 positive in 75% of cases (Nonaka et al., 2008;
Karamchandani et al., 2012). All schwannomas, almost
all neurofibromas, and approximately 50% of malignant
peripheral nerve sheath tumors are SOX10 positive
(Nonaka et al., 2008; Karamchandani et al., 2012).
Likewise, all granular cell tumors are reportedly SOX10-
positive (Heerema and Suurmeijer, 2012;
Karamchandani et al., 2012). Some carcinoid tumors,
pheochromocytomas and paragangliomas are SOX10-
positive through sustentacular cells (Nonaka et al., 2008;
Tsuta et al., 2011).

Expression of SOX10 in primary tumors of the
central nervous system (CNS) has been reported to a
limited extent so far. For example, a study conducted by
Gershon et al. reported 2 supratentorial primitive
neuroectodermal tumors (CNS PNETs) and 11
medulloblastomas (8 of the classic type and 3
desmoplastic/nodular type) as SOX10-negative (Gershon
et al., 2005). On the other hand, 2 pilocytic
astrocytomas, 3 diffuse astrocytomas, 3 glioblastomas, 3
oligodendrogliomas, 4 medulloblastomas, and 1
pineoblastoma were reported as SOX10-positive
(Kordes and Hagel, 2006). Similarly, SOX10 expression
was shown in 88% (30/34) of oligodendrogliomas (grade
II and III), 83% (19/23) of oligoastrocytomas (grade II
and III), 100% (15/15) of pilocytic/pilomyxoid
astrocytomas, 33% (1/3) of diffuse astrocytomas, 62%
(8/13) of anaplastic astrocytomas, and 43% (13/30) of
glioblastomas (Bannykh et al., 2006). Likewise, SOX10
positivity was reported in most infiltrating gliomas (4/4
grade II astrocytomas, 6/9 glioblastomas, 4/5
oligodendrogliomas, 1 oligoastrocytoma), 3/3 pilocytic
astrocytomas, 3/5 ependymomas (all grade III), and in
1/3 of CNS PNETs, but in none of 3 cases of
medulloblastoma (Ferletta et al., 2007). 

To the best of our knowledge, the available
information about SOX10 expression in ependymomas
is rather limited in spite of the fact that they represent
the third major group of glial neoplasms. Among 5 cases
of ependymoma previously examined for SOX10, three
cases appeared to be SOX10-positive (Ferletta et al.,
2007); however, their immunopositivity has been
defined somewhat vaguely. In contrast, we observed in
our routine diagnostic practice negative SOX10 staining
in a small series of ependymomas. Since other
investigators reported positive SOX10 staining in the
vast majority oligodendrogliomas and astrocytomas
(Bannykh et al., 2006; Kordes and Hagel, 2006; Ferletta
et al., 2007), we decided to investigate SOX10 as a
prospective supplemental diagnostic marker that may
distinguish tumors of ependymal origin from other

gliomas. For this reason we examined by immuno-
histochemistry the expression of SOX10 and Olig2, an
established marker of diffuse gliomas (Ligon et al.,
2004) in the same group of ependymal, astrocytic and
oligodendroglial tumors and compared diagnostic
performances of these markers in differential diagnosis
between ependymal and non-ependymal (astrocytic and
oligodendroglial) gliomas.
Materials and methods

A total of 98 cases of glial tumors of all grades,
including 44 ependymal tumors, 44 astrocytic tumors
and 10 oligodendrogliomas (ODGs) were immunohisto-
chemically examined for SOX10 and Olig2 expression
(Table 1). The group of ependymomas included seven
pediatric patients (four with posterior fossa
ependymomas and three ependymomas of unknown
localization), age 1-16 years (median 4 years), and 37
adult patients (11 posterior fossa tumors, 11
supratentorial tumors, 11 spinal cord/cauda equina
tumors and four tumors of unknown localization), age
22-77 years (median 52 years). 

Glial tumors were diagnosed by histopathological
evaluation of HE-stained tissue sections. In addition,
supplemental markers were used to support the diagnosis
of ependymal tumors (EMA) and oligodendrogliomas
(the loss of heterozygocyty at chromosomes 1p and
19q). All slides were reviewed by a single pathologist
(M.Š.) and tumors were re-classified and re-graded when
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Table 1. Characteristics of gliomas/patients studied for SOX10
expression.

Ependymal tumors M27/F17 Median age: 47 n=44

WHO grade I Subependymoma 2
Myxopapillary ependymoma 3

WHO grade II Classical / Cellular / Papillary ependymoma 20
Mixed ependymoma / Subependymoma 1
Tanycytic ependymoma 1
Clear cell ependymoma 1
Pigmented ependymoma 1

WHO grade III Anaplastic ependymoma 11
Clear cell ependymoma 3
Pigmented ependymoma 1

Astrocytic tumors M25/F19 Median age: 55.5 n=44

WHO grade I Pilocytic astrocytoma 5
WHO grade II Diffuse / gemistocytic astrocytoma 11
WHO grade III Anaplastic astrocytoma 14
WHO grade IV Glioblastoma 14

Oligodendrogliomas M3/F7 Median age: 48.5 n=10

WHO grade II Oligodendroglioma 7
WHO grade III Anaplastic oligodendroglioma 3

Total n=98



necessary, according to the 2007 WHO classification
(Louis et al., 2007). 

For the immunohistochemistry, the most
representative paraffin block with tumor tissue was
selected in each case and 3 µm tissue sections were
manually stained with the following antibodies: SOX10
(Cell Marque, polyclonal, Rocklin, CA, USA, 1:30),
EMA (Diagnostic Biosystems, monoclonal E29,
Pleasanton, CA, USA, 1:100), Olig2 (Invitrogen,
polyclonal, Eugene, OR, USA, 1:500) and CD99
(DAKO, monoclonal 12E7, Glostrup, Denmark, RTU).
Antibody binding was detected by the DAKO REAL
EnVision Detection System Peroxidase/ DAB+
Rabbit/Mouse (DAKO, Glostrup, Denmark).
Appropriate positive and negative control slides were
used, and non-neoplastic brain tissue, which was present
in almost all cases, served as an internal positive control
for SOX10 and Olig2 staining (both antibodies were
positive in oligodendrocytes). SOX10 and Olig2 staining
were scored as negative if no positive cells or only a few
positive cells (typically up to 1-3%) were found. When a
few positive cells were found, they likely represented
entrapped non-neoplastic oligodendrocytes. In all other
instances, SOX10 or Olig2 staining was scored as
positive. For CD99 only membranous staining was
considered positive and EMA was considered positive
when typical dot-like or luminal immunopositivity was
found in any proportion of tumor cells.

In oligodendrogliomas, detection of the loss of
heterozygosity (LOH) at chromosomes 1p and 19q was
performed by fluorescent in situ hybridization (FISH),
with two commercially available fluorescent probes:
Vysis 1p36/1q25 and 19q13/19p13 (Abbott Molecular
Inc., Des Plaines, Illinois, USA), according to the
manufacturer instructions. LOH was diagnosed when the
locus specific probe to control probe ratio was <0.8 or
alternatively, more than 50% of tumor cells showed loss
of one locus-specific signal.

For the purpose of statistical analysis, gliomas were
summarized into 2 classes: ependymal tumors (EP) and
non-ependymal tumors (NE) that included all astrocytic
tumors and oligodendrogliomas. In our paired design, all
specimens were tested for SOX10 and Olig2 expression
and the diagnostic performance of SOX10-negativity
and Olig2-negativity for the classification of specimens
as EP or NE was characterized by sensitivity and
specificity. In addition, sensitivity and specificity of both
these markers were compared on EP and NE groups,
respectively, following a previously reported procedure
(Newcombe, 2001), and statistical significance of
differences in the performance of SOX10 and Olig2 in
diagnosing EP and NE specimens was evaluated by 2-
sided McNemar’s test using exact binomial probability
calculations. The agreement between classification of
specimens by SOX10 and Olig2 expression was assessed
by means of Cohen's kappa coefficient (Cohen, 1960;
Landis and Koch, 1977). All 95%-confidence intervals
for proportions (CI95) were estimated following Jeffreysmethod (Brown et al., 2001). Statistical significance of
differences in proportion of SOX10 and Olig2 negative
cells between EP and NE groups was tested using
Fisher's exact test. Data were processed using Prism ver.
6.04 for Windows, Instat ver. 3.06 for Windows (both
from GraphPad Software, Inc., La Jolla, CA, USA),
VassarStats (http://vassarstats.net/), and EpiTools
(http://epitools.ausvet.com.au). 
Results

Ependymomas

At diagnostic threshold defined in the Material and
Methods section, none of the 44 ependymal tumors
expressed SOX10 (0%; CI95=0% -5.52%). While 7 casesdisplayed positivity in up to 1-3% of scattered cells, the
proportion of positive cells was rather low in comparison
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Fig. 1. Classic ependymoma, WHO Grade II, with perivascular pseudorosettes (a) showed very few SOX10-positive cells (~3%) in the background
(presumably entrapped oligodendrocytes) (b). x 400



with other SOX10-positive tissues and controls
examined in our study, where SOX-10 positive cells
occupied 10-100% of all the cells present (median 50%).
Consequently, these 7 specimens (4 anaplastic
ependymomas and 3 classical ependymomas) were
scored as SOX10-negative (Fig 1). 

In contrast to SOX10, five of 44 ependymomas
(11.4%; CI95=4.47% -23.1% ) expressed Olig 2 in 20-90% of tumor cells (Fig. 2). The remaining ependymoma
cases showed either no Olig 2-positivity (31 cases) or
positive staining of sporadic cells only (8 cases), which
presumably represented entrapped non-neoplastic cells. 

EMA expression was found in 33/44 ependymomas
(75.0%; CI95=60.9% -85.9%) (Fig. 2c) and membranousCD99 staining was present in 11/44 ependymomas
(25%; CI95=14.1% -39.1%). All CD99-positive casesshowed diffuse positivity (close to 100% of tumor cells),
while the majority of cases labeled as CD99-negative
showed non-specific cytoplasmic staining (not shown).
Oligodendrogliomas and astrocytomas

Four of ten ODGs (40%; CI95=15.3% -69.6%)expressed SOX10 in 30-100% of tumor cells (Fig. 3a,b).
One of these SOX10 positive cases displayed combined
1p/19q LOH. Among six SOX10-negative ODGs, three

were positive for 1p/19 LOH, two cases were LOH-
negative, and the remaining case was inconclusive by
FISH. All six SOX10-negative ODG cases showed
SOX10 staining in a few, presumably entrapped non-
neoplastic cells and in the normal brain tissue at the
periphery, when present (Fig. 3c,d).

SOX10 expression was detected in 22 of 44
astrocytic tumors of all grades (50.0%; CI95=35.6 -66.7%; Fig. 4), including 4/5 cases of pilocytic
astrocytomas. Importantly, 21 of 22 SOX10-negative
astrocytic tumors displayed the presence of some
SOX10-positive cells that most likely represented non-
neoplastic oligodendrocytes. These isolated SOX10-
positive cells served, together with the surrounding non-
neoplastic brain tissue when present, as positive internal
controls for SOX10 staining.

All ten ODGs (100%; CI95=78.3-100%) expressedOlig2 in 10-100% of cells. Similarly, 40 out of 44
astrocytomas (90.9%; CI95=79.8-96.9%) showedsignificant Olig2 immunoexpression (present in 20-
100% of tumor cells). Four Olig2-negative astrocytomas
(one pilocytic astrocytoma and three glioblastomas)
contained only a few Olig2-positive cells in the
background.

Individual performance characteristics for SOX10-
negativity and Olig2-negativity to classify EP and NE
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Fig. 2. Anaplastic ependymoma, WHO Grade
III, with SOX10-negativity (0%) (a) showed
diffuse (~80%) Olig2-positivity (b) and typical
dot-like and luminal EMA positivity (c). a, x 200;
b, c, x 400



tumors are presented in Table 2. While SOX10-
negativity detects EP vs NE tumors with lower
specificity than Olig2-negativity, the former appears to
be the more sensitive to ependymal tumors among these
two negative markers, with the difference in sensitivities
equall to 11.4% (CI95=1.09-24.0%). The differencebetween sensitivities of SOX10 and Olig2 markers in EP
group is statistically insignificant (p=0.0625). In
contrast, SOX10 displays lower specificity than Olig2
(difference= -44.44%; CI95= -57.1 to -29.7%) and thedifference in specificities in NE group is statistically
significant (p<10-6). The value of Cohen’s kappa
coefficient = 0.44 (CI95: 0.276-0.604) implies a

moderate degree of agreement between classification of
specimens using the SOX10 and Olig2 markers. 

When data were analyzed as a case-control-like
study, in which SOX10-negativity is an outcome of EP
vs NE disease status, the proportions of SOX10-negative
specimens in EP and NE (100% and 51.6%,
respectively) are significantly different with two-sided p-
value <0.0001. Likewise, the proportions of Olig2-
negative specimens in EP and NE groups (88.6% and
7.40%, respectively) are significantly different with two-
sided p-value <0.0001. Consequently, the difference in
expression of each of these two markers observed in our
study between EP and NE groups is unlikely due to
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Fig. 3. Oligodendroglioma, WHO Grade II (a) with SOX10-positivity (~30-40%) (b) and anaplastic oligodendroglioma, WHO grade III (c) with SOX10-
immunonegativity (only few cells in the background are SOX10-positive) (d), both tumors (a, c) showed combined 1p/19q LOH (not shown). a, c, d, x
200; b, x 400

Table 2. Performance of SOX10-negativity and Olig2-negativity to differentiate ependymal tumors from other gliomas.

Marker Sensitivity (CI95) (%) Specificity (CI95) (%) PPV§ (CI95) (%) NPV§ (CI95) (%) p-value

SOX10-negativity 100 (92.0-100) 48.2 (34.3-62.2) 61.1 (49.0-72.4) 100 (86.8-100) <0.0001
OLIG2-negativity 88.6 (75.5-96.2) 92.6 (82.1-98.0) 90.7 (77.9-97.4) 90.9 (80.1-97.0) <0.0001

§: Positive predictive values (PPV) and negative predictive values (NPV) determined for distribution of specific gliomas in our collection of specimens.



chance. Distribution of matched-pair observations for
SOX10 and Olig2 expression across 44 ependymal and
54 non-ependymal tumors is available in Table 3.
Discussion

SOX10 belongs to the family of transcription factors
essential for the development of neural crest, peripheral
nervous system and melanocytes. In the normal brain,
SOX10 is expressed in oligodendrocytes. Intriguingly,
our study showed SOX10 positivity in a smaller
proportion of oligodendrogliomas (40%; CI95=15.3% -69.6%) than previously reported (37/42 specimens;
88.1%; CI95=75.9%-95.3%) by other investigators(Bannykh et al., 2006; Kordes and Hagel, 2006; Ferletta
et al., 2007). However, this discrepancy can perhaps be
explained by small sample size of ODGs investigated for
SOX10 in this and other studies and more studies with
higher number of cases may help to resolve this issue.

Ependymal tumors in Europe reportedly represent
about 4% of all gliomas in adults (Ho et al., 2014), and
this number represents an a priori probability of a patient
having ependymal tumor in the case of histologically
unspecified glioma. If the same diagnostic threshold as

used in our study for SOX10-negativity was applied,
then the post-test probability of a patient having
ependymal tumor if the IHC detected SOX10-negativity
would be about 8%, which represents only a modest
increase in diagnostic confidence. In contrast, negative
staining for Olig2 in a European adult with unspecified
glioma would substantially increase the post-test
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Fig. 4. Anaplastic (gemistocytic) astrocytoma, WHO grade III (a) with SOX10-positivity (~20%) (b) and glioblastoma, WHO grade IV (c) with diffuse
SOX10-positivity (~90%) (d). a, b, d, x 400; c, x 200

Table 3. Matched-pair observations for SOX10 and Olig2 expression in
98 gliomas classified to ependymomas and non-ependymomas classes. 

EPENDYMOMAS Olig2-negativity
+ - Σ

SOX10-negativity + 39 5 44
- 0 0 0
Σ 39 5 44

NON-EPENDYMOMAS Olig2-negativity
+ - Σ

SOX10-negativity + 4 24 28
- 0 26 26
Σ 4 50 54



probability of ependymoma to about 33%. Nevertheless,
SOX10-negativity was displayed by 44 out of 44
ependymal tumors (CI95=94.5% -100%), which allowsto rule out ependymal tumors from SOX10-positive
gliomas with high confidence.

Olig2 was originally considered to be a specific
marker of ODGs. However, it is well known now that
this marker is universally expressed in diffuse gliomas
(oligodendrogliomas, astrocytomas and oligoastro-
cytomas), although at variable levels (generally, there is
less Olig2 expression in astrocytic tumors and tumors of
higher grades). Nowadays, Olig2 is considered to be a
general marker of diffuse gliomas rather than a marker
of oligodendroglial differentiation (Marie et al., 2001;
Lu et al., 2001; Ohnishi et al., 2003; Ligon et al., 2004;
Riemenschneider et al., 2004; Ishizawa et al., 2008;
Otero et al., 2011). In contrast, ependymal tumors are
rarely Olig2-positive, and Olig2-positivity is typically
confined to few cells, probably representing entrapped
oligodendroglia (Ohnishi et al., 2003; Ligon et al., 2004;
Preusser et al., 2007; Ishizawa et al., 2008; Otero et al.,
2011). Nevertheless, rare cases of ependymomas with
strong and diffuse Olig2 staining have also been reported
(Ishizawa et al., 2008). Similarly, we found 5 of 44
ependymomas as Olig2-positive with a proportion of
positive cells over 20%. These Olig2-positive
ependymomas occured as supratentorial tumors in adult
patients; they were graded as anaplastic (one with clear
cell morphology), and showed a typical dot-like EMA
expression. Perivascular pseudorosettes were found in
three cases, while true rosettes were not found. 

Although not entirely specific for ependymomas
(Hasselblatt and Paulus, 2003) and sometimes limited to
a small number of cells, we found a dot-like or a luminal
(canals/rosettes) expression of EMA in the majority of
ependymal tumors (33/44; 75%; CI95=60.9% -85.9%).This finding is consistent with results previously
reported by other investigators (Vege et al., 2000;
Hasselblatt and Paulus, 2003; Preusser et al., 2007), and
although our study did not formally investigate EMA
expression in glial tumors other than ependymomas, we
consider EMA to be a useful supplemental marker of
ependymal differentiation. EMA negative EP cases
(11/44) were represented by two myxopapillary
ependymomas, two subependymomas, one mixed
subependymoma/ependymoma, Grade II , two classical
ependymomas, Grade II and four anaplastic
ependymomas, Grade III (one with clear cell
morphology). 

Ishizawa et al. found CD99 expression (cytoplasmic,
with accentuation along the cytoplasmic membrane) in
15/16 (~94%) ependymomas (the negative case was a
clear cell ependymoma, Grade III) and in 90% of
astrocytomas. Consequently, CD99 has been suggested
as a useful marker to distinguish ODGs (CD99-negative)
from ependymomas and astrocytomas (CD99-positive)
(Ishizawa et al., 2009). In contrast to these results, we
found CD99 positivity, represented by diffuse
membranous staining, only in 11/44 (25%; CI95=14.1% 

-39.1%) ependymomas. These cases were represented by
two myxopapillary ependymomas, seven ependymomas
Grade II (one pigmented) and two anaplastic
ependymomas. The majority (27/33) of CD99-negative
cases in our study showed only a non-specific
cytoplasmic staining without membranous staining
pattern, which occurs in many tumor types (personal
observation), and should not be interpreted as positive.
Further studies are needed to validate CD99
immunostainig as a marker for the differential diagnosis
of brain tumors.

The limitation of our study results from a relatively
small number of cases in all subtypes of glial tumors.
For this reason, our results are suggestive but not
conclusive with respect to higher sensitivity of SOX10-
negativity vs Olig2-negativity in differential diagnosis of
ependymal vs non-ependymal tumors. Nevertheless, our
data are convincing in that ependymal tumors, unlike
other gliomas, consistently display SOX10-negativity.
While SOX10-negativity alone has low specificity for
diagnosis of ependymoma among glial tumors
(population-based estimate of PPV is ~8%), SOX10-
positivity can rule out diagnosis of ependymoma with
high confidence, since our data support SOX10-
negativity in ~100% of ependymal tumors. Another
limitation of our study is in that for practical reasons all
histological specimens were reviewed by one pathologist
and no interobserver study was conducted. However, the
intraobserver concordance of SOX10 staining was
excellent when specimens were evaluated after several
months.
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