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A b s t r a c t

Aim of the study: This study has assessed the diagnostic ability of oligodendrocyte-2 (Olig2), CD99, and epithelial 
membrane antigen (EMA) immunohistochemical stains to diagnose oligodendroglial-like neoplasms as central neu-
rocytoma, ependymoma, or oligodendroglioma. 
Material and methods: An immunohistochemistry (IHC) panel of Olig2, EMA, and CD99 was performed on 18 central 
neurocytomas, 46 ependymomas, and 28 oligodendrogliomas. A quantitative labelling index of stained tumor cells was 
assessed using a scoring system, and its diagnostic predictability was evaluated with multinomial logistic regression. 
Results: Significant differences in IHC expression patterns were observed between all tumor groups (p < 0.001).  
The labeling indices of the histochemical expression of Olig2, EMA, and CD99 were related to diagnostic predict-
ability. Olig2 was unlikely to differentiate ependymoma from central neurocytoma (p = 0.154), while EMA and CD99 
were significant in diagnosing these two tumors (p < 0.05). Olig2 was a specific marker of oligodendroglioma, dif-
ferentiating it from ependymoma and central neurocytoma (p < 0.001). EMA and CD99 were unlikely to differentiate 
oligodendroglioma from central neurocytoma (p > 0.05), but CD99 significantly differentiated ependymoma from 
oligodendroglioma (p = 0.022). These labelling indices were used to re-assess the diagnostic accuracy, regardless of 
tumor location and histology, and yielded significantly different tumor diagnoses.
Conclusions: The IHC panel of Olig2, EMA, and CD99 should be used to differentiate oligodendroglial-like neoplasms. 
Olig2 is a specific IHC marker to diagnose oligodendroglioma and differentiate it from ependymoma and central neu-
rocytoma. Lack of Olig2 expression rules out oligodendroglioma and suggests the diagnosis of ependymoma rather 
than central neurocytoma if the EMA labelling index shows diffuse/partial expression. CD99 is considered a sensitive 
marker for ependymoma but not central neurocytoma.
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Introduction 

Oligodendroglial-like neoplasms of the central ner-
vous system include oligodendroglioma (grade II/III), 
ependymoma (grade II/III), and central neurocytoma 

(grade II/III). They share common cytomorphological 
features (e.g., monomorphism, indeterminate clear cell 
component, and minimal vascularity) but with differ-
ent histogenesis. The only way to differentiate between 
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them is by immunohistochemical staining of certain 
markers, including oligodendrocyte-2 (Olig2), CD99, and 
epithelial membrane antigen (EMA). Olig2, a member of 
the group of basic helix-loop-helix transcription factors 
[7], is commonly expressed in oligodendroglial tumors 
[4,11] but its expression in ependymoma remains poor-
ly elucidated [5,6,9]. The lack of its expression does not 
only rule out oligodendroglioma, but Olig2 staining is 
considered potentially more reliable than EMA staining 
for the diagnosis of ependymoma [5]. Although EMA 
is of little value for differentiating between all ependy-
moma subtypes [8], it is more selective than CD99 in 
differentiating between grade II and III ependymomas 
[10]. CD99, the product of the MIC2 gene, is a cell sur-
face antigen expressed in several tumors [1]. CD99 has 
also been reported to aid in distinguishing between 
oligodendroglioma and ependymoma and in diagnos-
ing clear cell brain tumors through the visualization of 
CD99-negative clear cells [5]. Owing to the diagnostic 
dilemma in differentiating these tumors, our current 
study has attempted to assess the ability of Olig2, EMA, 
and CD99 to differentiate oligodendroglial-like neo-
plasms (i.e., oligodendroglioma, ependymoma, central 
neurocytoma), particularly those with clear cell com-
ponents. The histochemical expression of tumor cells 
has been quantitatively assessed through the labelling 
index-based scoring system. 

In this study, we aimed to assess the diagnostic 
ability of Olig2, CD99, and epithelial EMA immunohis-
tochemical stains to distinguish oligodendroglial-like 
neoplasms as central neurocytoma, ependymoma, or 
oligodendroglioma. 

Material and methods 
Patient stratification 

This study included 92 patients with oligodendro- 
glial-like neoplasms [central neurocytomas (n = 18), 

ependymomas (n = 46), and oligodendrogliomas  
(n = 28)] from two medical institutions in Saudi Ara-
bia between 2017 and 2020. The study was ethically 
approved by the National Biomedical Ethics Com-
mittee at King Abdulaziz University (HA-02-J-008) 
(reference number 178-19). The clinical patient data 
retrieved from the hospital records included age, 
gender, and tumor type and location. All the patients 
were stratified into three groups on the basis of the 
histological tumor subtype. 

Methodology 

Four unstained sections of formalin-fixed paraffin 
embedded samples of each tumor were prepared for 
hematoxylin and eosin staining and immunohisto-
chemistry (IHC) of Olig2, EMA, and CD99 (Figs. 1-2). 

IHC staining for CD99, EMA, and Olig2 

Immunohistochemistry assays on formalin-fixed 
paraffin embedded tissue sections were performed 
with the ultraView DAB detection kit on a  Bench-
Mark XT automated staining system (Ventana). The 
following rabbit/mouse monoclonal antibodies were 
used at concentrations of 1 : 200: anti-CD99 (O13), 
anti-EMA (E29), and anti-Olig2 (EPR2673, Abcam, 
ab109186, United States). The standard procedure 
included deparaffinization with EZ Prep at 75°C, heat 
pre-treatment in Cell Conditioning solution (CC1; 
Ventana) for 60 min, and primary incubation for 1 h  
at 37°C. 

Results: For CD99 and EMA, dot-like membranous 
staining on tumor cell membranes was defined as 
positive expression. Ependymomas exhibiting diffuse 
membranous staining were also considered positive. For 
Olig2, nuclear and perinuclear staining of tumor cells was 
considered positive expression (Figs. 2-3). This parame-
ter was correlated with the study by Choi et al. [1].

Fig. 1. Oligodendroglial-like neoplasms. A) Oligodendroglioma, B) central neurocytoma, and C) ependymoma  
with clear cell morphology. Magnification: 100×.
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Quantitative analysis of Olig2, EMA, CD99 
histochemical expression on oligodendrogliomas, 
ependymomas, and central neurocytomas using 
light microscopy 

After immunostaining, a focal random area of sol-
id representative tumor of positive expression was 

Fig. 2. Immunohistochemistry pattern of A) EMA, B) CD99, and C) Olig2 expression by using the quantita-
tive labelling index. Magnification: 50×.

Fig. 3. Unusual histochemical expression in some oligodendroglial-like neoplasms. A) Olig2 expression in 
central neurocytoma, B) Olig2 expression in ependymoma, C) CD99 expression in oligodendroglioma. Mag-
nification: 100×.

evaluated under light microscopy using high-power 
(40×) magnification. Tumor cells were counted man-
ually by two neuropathologists, and the average was 
calculated. The labelling index was quantitatively 
assessed using the following equation: Labelling 
index = [(Staining-positive nuclei)/(Staining-positive 
nuclei + Staining-negative nuclei] (Table I).

A B C
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Table II. Quantitative analysis of labelling indices for each immunohistochemistry marker between oligo-
dendroglial-like neoplasms

Central neurocytoma
(n = 18) 

Ependymoma
(n = 46) 

Oligodendroglioma 
(n = 28) 

Total (n = 92) P value 

Olig2 expression < 0.0011 

 Absent 7.0 (38.9%) 13.0 (28.3%) 0.0 (0.0%) 20.0 (21.7%) 

 Focal expression 6.0 (33.3%) 19.0 (41.3%) 0.0 (0.0%) 25.0 (27.2%) 

 Partial expression 0.0 (0.0%) 12.0 (26.1%) 1.0 (3.6%) 13.0 (14.1%) 

 Diffuse expression 5.0 (27.8%) 2.0 (4.3%) 27.0 (96.4%) 34.0 (37.0%) 

EMA expression < 0.0011 

 Absent 14.0 (77.8%) 9.0 (19.6%)  27.0 (96.4%) 50.0 (54.3%) 

 Focal expression 4.0 (22.2%) 23.0 (50.0%) 1.0 (3.6%) 28.0 (30.4%) 

 Partial expression 0.0 (0.0%) 12.0 (26.1%) 0.0 (0.0%) 12.0 (13.0%) 

 Diffuse expression 0.0 (0.0%) 2.0 (4.3%) 0.0 (0.0%) 2.0 (2.2%) 

CD99 expression < 0.0011 

 Absent 1.0 (5.6%) 2.0 (4.3%) 15.0 (53.6%) 18.0 (19.6%) 

 Focal expression 10.0 (55.6%) 6.0 (13.0%) 8.0 (28.6%) 24.0 (26.1%) 

 Partial expression 5.0 (27.8%) 21.0 (45.7%) 3.0 (10.7%) 29.0 (31.5%) 

 Diffuse expression 2.0 (11.1%) 17.0 (37%) 2.0 (7.1%) 31.0 (22.8%) 
1Fisher’s Exact test

Statistical methods

The data were described as frequencies and per-
centages used the Fisher’s Exact test. The clustered 
simple error bar means plot with 95% confidence 
interval (CI) was used to visualize the comparison of 
the labelling indices, and multinomial logistic regres-
sion analysis was used to test the diagnostic predict-
ability of the three oligodendroglial-like neoplasms. 
A p value of < 0.05 was considered statistically sig-
nificant. All statistical analyses in this study were 
performed using IBM SPSS1 statistical software pro-
gram ver. 24 (SPSS Inc., Chicago, IL).

Results 

This study included 92 patients with different oli-
godendroglial-like neoplasms [mean age: 21 ±4 years; 
53 men (58%) and 39 women (42%)]. Tumors were  
divided into 18 central neurocytomas, 46 ependymo-
mas, and 28 oligodendrogliomas. 

Statistical analysis 

Table II clearly describes the quantitative scores of 
the labelling indices for each IHC marker (Olig2, EMA, 
and CD99) in each tumor group based on the scor-
ing system used. There was a  significant difference 
in the pattern of IHC expression between the tumor 

groups (p < 0.001). For example, Olig2 showed signifi-
cant diffuse expression in oligodendrogliomas (96.4%,  
p < 0.001) compared to ependymomas and central 
neurocytomas, while EMA and CD99 expression was 
low or absent in oligodendrogliomas (0% and 7.1%, 
respectively). EMA also showed focal/partial expression 
in ependymomas (26-50%). Focal EMA expression was 
observed in 4 (22.2%) out of 18 (100%) central neuro-
cytomas. CD99 showed no expression in 53.6% of oli-
godendrogliomas but showed diffuse/partial expres-
sion in 37-45% of ependymomas. CD99 was expressed 
focally in 55.6% of central neurocytomas. Moreover, 
unusual expression was detected in the tumor groups 
(Fig. 4). Unusual diffuse Olig2 expression was detect-
ed in 5 (27.8%) out of 18 (100%) central neurocyto-
mas, and focal expression was detected in 19 (41.3%) 
out of 46 (100%) ependymomas. CD99 was minimally 
expressed in some cases of oligodendroglioma. 

Table I. The labelling index (%) was assessed 
through the following scoring system

Expression Labelling index (%)

No expression 0

Focal expression > 0-20

Partial expression > 20-50 

Diffuse expression > 50

For statistical analysis, the scores were divided by 100.
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Labeling indices of the histochemical expression 
of Olig2, EMA, and CD99 in oligodendroglial-like neo-
plasms showed significant effects on diagnostic pre-
dictability (Fig. 4, Table III). Olig2 was not efficient in 
differentiating ependymomas from central neurocy-
tomas (p = 0.154), while EMA and CD99 expression 
enabled differentiating between these two tumors 
(p = 0.003 and p = 0.011, respectively). However, 
focal/partial EMA expression suggests the diagnosis 
of ependymoma rather than central neurocytoma. 
Conversely, Olig2 was a significant marker for differ-
entiating oligodendrogliomas from ependymomas 
and central neurocytomas (p < 0.001). Furthermore, 
EMA and CD99 are unlikely to differentiate oligo-
dendrogliomas from central neurocytomas as both 
rarely showed positive expression (p > 0.05), where-
as the CD99 labelling index could significantly dif-
ferentiate ependymomas from oligodendrogliomas 
(p = 0.022). From the model represented in Table III  
and Figure 2, the diagnostic accuracy has been 
re-assessed on the basis of the labelling indices of 
histochemical expression regardless of tumor loca-
tion or histological variations. Around 66% of the 

Table III. Diagnostic differentiation of oligodendroglial-like neoplasms using histochemical Olig2, EMA, and 
CD99 expression and the average labeling index-based scoring system

Differential diagnosis Predictor Estimate SE Z p Odds ratio

Ependymoma – central 
neurocytoma

Intercept –1.11 0.634 –1.749 0.081 0.3297

Olig2 labelling index –2.338 1.638 –1.427 0.154 0.0965

EMA labelling index 26.79 8.867 3.021 0.003 4.31E+11

CD99 labelling index 3.496 1.372 2.548 0.011 32.9713

Oligodendroglioma – 
central neurocytoma

Intercept –2.41 1.15 –2.095 0.036 0.0898

Olig2 labelling index 4.928 1.328 3.711 < 0.001 138.0401

EMA labelling index –90.617 88.589 –1.023 0.306 4.42E-40

CD99 labelling index –0.86 1.62 –0.531 0.595 0.423

Oligodendroglioma – 
ependymoma

Intercept –1.28 1.254 –1.02 0.307 0.2776

Olig2 labelling index 7.4 2.034 3.64 < 0.001 1630.7061

EMA labelling index –141.06 91.426 –1.54 0.123 5.48E-62

CD99 labelling index –4.4 1.917 –2.29 0.022 0.0123
Multinomial logistic regression.

Predicted diagnosis

Central neurocytoma Ependymoma Oligodendroglioma

Differential 
diagnosis 

Central neurocytoma Count 12 2 4

% 66.7 11.1 22.2

Ependymoma Count 6 40 0

% 13.0 87.0 0.0

Oligodendroglioma Count 0 2 26

% 0.0 7.1 92.9

Fig. 4. The diagnostic predictability of oligo-
dendroglial-like neoplasms using immunohis-
tochemistry of Olig2, EMA, and CD99 and the 
labelling index-based scoring system.
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cases diagnosed as central neurocytomas retained 
the same diagnosis, while 11% and 22% of the cases 
have been re-diagnosed as ependymomas or oligo-
dendrogliomas, respectively. Around 87% of ependy-
moma cases retained the same diagnosis, while  
13% of the cases have been re-diagnosed as central 
neurocytomas. Approximately 7% of the ependymo-
ma cases, which showed clear cellular morphology, 
were misdiagnosed as oligodendroglioma before 
using the current labelling index-scoring system 
(Table III). 

Discussion

Oligodendroglial-like neoplasms of the central ner-
vous system include oligodendroglioma (grade II/III), 
ependymoma (grade II/III), and central neurocytoma 
(grade II/III). They share common cytomorphological 
features (e.g., monomorphism, indeterminate clear cell 
components, and minimal vascularity) but with differ-
ent histogeneses. Thus, the only way to differentiate 
between them is with immunohistochemistry of Olig2, 
CD99, and EMA. 

Olig2, a  member of the group of basic helix-
loop-helix transcription factors, is essential for the 
development of neural progenitors and oligodendro-
cytes [7]. Several studies have confirmed prominent 
Olig2 expression in both oligodendroglial tumors 
and oligoastrocytomas [4,11]; however, its expres-
sion in glioblastomas and ependymomas remains 
poorly elucidated [5,6,9]. Although Olig2 expression 
was reported to be low to moderate in ependy-
momas [6], the applicability of Olig2 as a  marker 
for the diagnosis of ependymomas remains unde-
termined. The lack of Olig2 expression does not 
only rule out oligodendrogliomas but is considered 
potentially more reliable than EMA for diagnosing 
ependymomas [5]. Hasselblatt et al. found that five 
punctate dots/high power fields of EMA staining in 
ependymomas was associated with a  sensitivity of  
72% and a specificity of 81% [3]. However, EMA had 
little value in differentiating between all subtypes of 
ependymoma [8] but exhibited more selective staining 
for differentiating between grade II and III ependy-
momas compared to CD99 [10]. CD99, the product of 
the MIC2 gene, is a cell surface antigen expressed in 
Ewing’s sarcoma, choroid plexus papilloma, and primi-
tive neuroectodermal tumors [1]. CD99 is also strongly 
expressed in ependymomas [1]. CD99 immunohisto-

chemistry is also unique in that it is helpful in distin-
guishing between oligodendrogliomas and ependymo-
mas as well as in the diagnosis of clear cell brain tumors 
through the visualization of CD99-negative clear cells 
[5]. Mahfouz et al. found that CD99 could further dif-
ferentiate ependymal tumors from non-ependymal 
tumors [8]. These results were similar to the conclu-
sions of Choi et al. and Fellinger et al. [1,2]. 

Our findings have revealed that Olig2 is a  spe-
cific IHC marker to diagnose oligodendroglioma and 
differentiate it from ependymoma and central neu-
rocytoma. The lack of Olig2 expression rules out oli-
godendroglioma and suggests ependymoma rather 
than central neurocytoma if EMA exhibits diffuse/
partial expression with the labelling index. CD99 can 
differentiate ependymoma from oligodendroglioma 
but not from central neurocytoma. Although Olig2 
was expressed in rare cases of central neurocytoma, 
EMA was almost not expressed in cases of oligoden-
droglioma. This indicates that Olig2 together with 
EMA can be used to differentiate these two tumors. 

The limitation acknowledged in our study is the 
lack of molecular study including 1p19q deletion, 
however this study will be helpful at the centers 
where advanced molecular testings are absent and 
the diagnostic accuracy is only dependent on histo-
morphology and immunohistochemistry.

Conclusions

Immunohistochemistry of Olig2, EMA, and CD99 
should be performed to differentiate cases of oligo-
dendroglial-like neoplasms. The most specific diag-
nostic marker for oligodendroglioma is Olig2, as it 
showed high expression levels with the labelling 
index. EMA is considered a  differentiating marker 
between ependymomas and central neurocytomas. 
CD99 is considered the most sensitive differentiating 
marker for ependymomas compared to other tumor 
groups, as it showed moderate-to-high expression 
levels. The diagnostic predictability of these stains 
in central neurocytomas is somewhat difficult to 
establish; however, focal expression of CD99 or Olig2 
with absent EMA are probable findings.

Availability of data and material

The data that support the findings of this study 
are available from the corresponding author (MK) 
upon request.
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