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ORIGINAL ARTICLE

Dysembryoplastic neuroepithelial tumor (DNT) is 
a benign tumor entity that is usually located in the su-
pratentorial cortex and frequently occurs in children or 
young adults. According to the World Health Organiza-
tion (WHO) classification in 1993, 2000, and 2007, DNTs 
belong to the category of “neuronal and mixed neuronal-
glial tumors”, are characterized by drug-resistant partial 
seizures, and are often associated with cortical dysplasia 
[1]. Histologically, three morphological variants have been 
described, namely, simple, complex, and non-specific 

forms. The histological hallmark of the DNTs is the “spe-
cific glioneuronal element”, in which bundles of axons 
lined by small oligodendroglia-like cells (OLCs) and large 
floating neurons within mucinous pools may be typically 
observed in simple and complex variants. Glial nodules, 
which lend the tumor a characteristic multinodular archi-
tecture, are also seen in complex forms with the specific 
glioneuronal element [2]. However, the concept of non-
specific variants of DNT, which were firstly described by 
Daumas-Duport in 1999, remains controversial, as these 
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Objective The accurate diagnosis of the non-specific variant of dysembryoplastic neuroepithelial tumor 
(DNT) is very difficult because it is characterized by absence of the histological hallmark of the “specific 
glioneuronal element” in lesions. We herein present two cases of the non-specific form of DNT to analyze 
the clinical, radiological, and histological features of this unusual subtype of DNT.
Methods A 16-year-old and a 23-year-old patient had been treated for pharmacoresistant epilepsy for 
several years before undergoing referral to the hospital for further examination and treatment. Magnetic 
resonance imaging (MRI) revealed that both patients had a small, well-demarcated cystic lesion within the 
cortex of the brain without obvious contrast enhancement or peritumoral edema. The lesions were totally 
resected and routinely examined using histological and immunohistochemical analysis.
Results Both lesions exhibited similar histological appearances with cyst formation and mural nodule 
architecture. The glial nodules were mainly composed of oligodendrocyte-like components, and partly of 
piloid cells resembling pilocytic astrocytoma. The cortex adjacent to the lesion in both cases was found to 
have the histological features of focal cortical dysplasia (FCD) Type I. Immunohistochemically, the oligoden-
drocyte-like components were diffusely positive for Syn and Olig-2, but staining for CD34, p53, and IDH1 
R132H was negative. The Ki-67 (MIB-1) labeling index was low, approximately 1%. There was no 1p/19q 
co-deletion in either lesion by fluorescence in situ hybridization (FISH) assay. Neither patient received 
postoperative adjuvant treatment, and both underwent regular follow-up for at least 24 months. No signs of 
recurrence or epileptic attacks were observed during the follow-up period.
Conclusion The non-specific variant of DNT is a diagnostic challenge for pathologists in clinical practice, 
and differentiation from some low-grade gliomas needs to be considered. The careful inspection of radio-
logic and histopathologic findings, accompanied by analysis of patients’ clinical manifestations, may be 
helpful in making an accurate diagnosis.
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variants lack the specific glioneuronal element and mul-
tinodular architecture [3]. In clinical practice, non-specific 
variants of DNTs often present a diagnostic challenge 
and may be confused with low-grade gliomas. However, 
the accurate diagnosis of DNTs is important because pa-
tients with DNTs misdiagnosed as gliomas will receive 
adjuvant radiation and/or chemotherapy inappropriately. 
We herein report two cases of the non-specific variant of 
DNT in young patients. The clinical and histological fea-
tures of this rare histological form, as well as differential 
diagnosis, are discussed.

Materials and methods

Patients and clinical manifestations
Case 1. A 16-year-old boy presented with a history of at 

least two complex seizures over the previous three years. 
According to his parents, he had been treated unsuccess-
fully with antiepileptic drugs. As a result, the patient 
was referred to our hospital for further examination and 
treatment. Magnetic resonance imaging (MRI) revealed 
a small, well-demarcated cystic lesion within the cortex 
of the left frontal lobe that was 1.0 × 1.0 × 1.0 cm in size, 
and a mural nodule could be observed on the cystic wall. 
The lesion appeared hypointense on T1-weighted images 
and hyperintense on T2-weighted images. Contrast-en-
hanced imaging displayed mild heterogeneous enhance-
ment of the lesion. There was no obvious peritumoral 
edema or mass effect (Fig. 1). A subdural grid recording 
revealed that the epileptic focus lay in the cortex cover-
ing the lesion. The clinical diagnosis was epilepsy-related 
low-grade glioma or ganglioglioma. The lesion was com-
pletely removed surgically. The mass appeared grayish 
and was covered with normal-looking cortex. No postop-
erative radiotherapy or chemotherapy was administered. 
After surgery, the patient underwent regular follow-up 
for 24 months, and there was no evidence of recurrence 
in that period.

Case 2. A 23-year-old female patient presented with 
progressive headache, nausea, and vomiting for five 
months. She had been diagnosed with focal epilepsy with 
seizure onset at the age of 10, but no abnormal findings 
were present in general or on neurological examination. 
MRI scans revealed a large non-enhanced cystic lesion 
with a mural nodule, measuring 5.5 × 3.0 × 1.0 cm, in 
the cortex of the left temporal lobe. The lesion appeared 
hypointense on T1-weighted images and hyperintense on 
T2-weighted images, with mild peritumoral edema, but 
no contrast enhancement was observed (Fig. 2). The le-
sion was removed via a standard left craniotomy. At sur-
gery, the lesion was observed to be poorly vascularized 
and the border between the lesion and the normal brain 
was demarcated. Total resection was achieved. The post-
operative course was uneventful and no postoperative 

radiotherapy or chemotherapy was administered. The 
patient underwent follow-up for 36 months without any 
evidence of tumor recurrence. No further epileptic at-
tacks were observed during the follow-up period.

Pathological examination
Both surgical specimens were fixed with 10% buffered 

formalin and embedded in paraffin for histological exam-
ination. Four-μm-thick sections were stained with hema-
toxylin and eosin (H&E). Immunohistochemical staining 
of paraffin sections was performed using the ChemMate 
Envision/HRP Kit (Dako, Glostrup, Denmark). The pri-
mary antibodies used in this study were: GFAP, vimen-
tin, pan-cytokeratin (AE1/AE3), S-100 protein, oligoden-
drocyte transcription factor 2 (Olig-2), neuronal nuclei 
(NeuN), synaptophysin (Syn), CD34, IDH1 R132H, p53, 
and Ki-67.

For cytogenetic analysis, 1p/19q co-deletion in both le-
sions was detected by fluorescence in situ hybridization 
(FISH) utilizing the Vysis Dual Color Break Apart Probe 
(Vysis, Abbott Laboratories Inc., Maidenhead, UK). We 
detected 1p36 and 19q13 as target probes and 1q25 and 
19p13 as control probes in paraffin-embedded sections in 
accordance with the manufacturer’s protocol.

Fig. 1 Pre-operative MRI of the lesion of Case 1. (a) T1-weighted axial 
MRI demonstrated a hypointense lesion in the left frontal lobe containing a 
circumscribed cystic component and solid mural nodule (white arrow); (b) 
T2-weighted axial MRI showed a well-circumscribed lesion was located in 
the cortex of brain with high intensity of fluid content of the cyst and low 
intensity of a solid component without obvious peri-tumoral edema (white 
arrow); (c) On coronal MRI, the lesion was observed to be located in the 
cortex completely (white arrow), and (d) there was no remarkable contrast 
enhancement after administration of Gd-DTPA (white arrow)
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Results

Histopathological findings
On microscopic examination, both lesions exhibited 

similar histological appearances. The well-demarcated le-
sions were located within the cortex and partly extended 
into the adjacent cortex. They were non-encapsulated 
and displayed a cystic formation. No specific glioneuronal 
element with floating neurons within small mucoid lakes 
was found in either lesion. However, glial nodules, which 
constituted mural nodules on the cyst walls in both cases, 
were seen in association with the cystic architecture. The 
glial nodules were mainly composed of oligodendrocyte-
like components, which showed a monomorphic appear-
ance with uniform round nuclei and perinuclear halos. 
Scattered neuronal cells were observed to be embedded 
in the oligodendrocyte-like components. However, in 
contrast to typical oligodendrogliomas, no branching net-
work of capillaries was present (Fig. 3a–c). In some areas 
of glial nodules, piloid cells with long, hair-like processes, 
resembling pilocytic astrocytoma, were identified (Fig. 
3d). However, there were no Rosenthal fibers or eosino-
philic granular bodies in either lesion. In addition, the 
cortex adjacent to the lesion in both cases was found to 
have the histological features of focal cortical dysplasia 
(FCD) Type I. In those areas, blurring of layer boundaries 
and distinct microcolumnar arrangements, which were 
composed of more than eight small diameter neurons, 
could be identified by NeuN immunohistochemistry (Fig. 
3e–f, Fig. 4e).

Immunohistochemical and FISH findings
Immunohistochemically, the oligodendrocyte-like 

component was diffusely positive for Syn and Olig-2 and  
focally positive for S-100 protein. The scattered neuronal 
cells were positive for NeuN. The piloid cells in the le-
sions were positive for GFAP and Olig-2. However, there 
was no positive signal found for detection of pan-cyto-
keratin, CD34, P53, or IDH1 R132H. The Ki-67 (MIB-1) 
labeling index was only 1% focally (Fig. 4a–d). A total of 
200 cells were observed for chromosomal abnormalities. 
We utilized 1p36 and 19q13 as target probes and 1q25 and 
19p13 as control probes. Based on a cutoff value of 20%, 

there was no 1p/19q co-deletion found in either case (Fig. 
4f).

On the basis of clinical manifestations, radiological fea-
tures, and histopathological appearance; cortical location; 
cystic and mural nodule architecture without specific 
glioneuronal element; and the presence of FCD in adja-
cent cortex, a pathological diagnosis of DNT, non-specific 
variant, WHO grade I, was made.

Discussion

DNTs were first characterized by Daumas-Duport and 
his colleagues in 1988 to describe a surgically curable tu-
mor found in young patients with intractable partial sei-
zures [4]. Since 1993, the WHO classification of tumors of 
the central nervous system has accepted DNTs as a unique 
entity of “neuronal and mixed neuronal-glial tumors” [1]. 
However, at that time, the histological criteria of DNT 
were based on the initial description by Daumas-Duport 
and allowed only for the diagnosis of a morphological 
variant now referred to as the “complex form”. In 2000 
and 2007, the “simple form” and “non-specific form” of 
DNT were additionally described as unique variants of 
DNTs in later editions of the WHO classification [1, 5].

It has been suggested that DNTs include a large spec-
trum of tumors that cannot be distinguished histological-
ly from ordinary gliomas, and that the diagnosis of such 
“non-specific histological forms” requires that clinical 
presentation and imaging features be taken into consider-
ation. Because the “non-specific form” of DNTs lacks the 
specific glioneuronal element and multinodular architec-
ture, this variant of DNTs is often histologically indis-
tinguishable from low-grade gliomas, particularly when 
the cortical topography of the tumor is not apparent on 
non-representative samples. Therefore, it is important for 
neuropathologists that the diagnosis of DNT be consid-
ered whenever all of the following criteria are present: (I) 
partial seizures with or without secondary generalization, 
usually beginning before the age of 20 years; (II) no pro-
gressive neurological deficit; (III) predominantly cortical 
topography of a supratentorial lesion, best demonstrated 
on MRI; and (IV) no mass effect on computed tomography 
(CT) or MRI, except if related to a cyst, and no peritumor-

Fig. 2 Pre-operative MRI of the lesion 
of Case 2. (a) T1-weighted axial MRI ex-
hibited a large hypointense cystic lesion 
with a mural nodule in the cortex of left 
temporal lobe (white arrow); (b) But the 
lesion was hyperintense on T2WI, with 
mild peri-tumoral edema (white arrow); 
(c) There was no contrast enhancement 
was observed in lesion (white arrow)
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al edema [1, 3]. In our cases, both patients had a supratento-
rial intracortical lesion with cyst formation, and no peri-
tumoral edema or contrast enhancement was observed . 
They were young patients without neurological deficits 
or mass effect on MRI examination. The entire clinical 
presentation and all radiological features were consistent 
with the diagnostic criteria for DNTs. Furthermore, as in 
the complex form of DNTs, foci of cortical dysplasia could 
be identified in the cortex adjacent to both lesions. Such 
dysplastic changes in our cases strongly suggested that 
these tumors belonged to the category of DNTs.

Due to the absence of the specific glioneuronal ele-
ment, which is characterized by parallel strands of axons, 
oligodendrocyte-like cells, and floating ganglion cells in 
microcystic mucopolysaccharide-rich areas [1], the diag-

noses in our cases remain controversial. In addition, the 
histological appearance of oligodendroglioma-like and pi-
locytic astrocytoma-like areas in the lesions engenders di-
agnostic confusion with other low-grade infiltrating neo-
plasms, such as ganglioglioma, oligodendroglioma, and 
central neurocytoma. It has been documented that DNT 
has areas composed of astrocytic, oligodendroglial, and 
neuronal components. Theoretically, overgrowth of any 
of these may result in an independent tumor [1–4]. How-
ever, gangliogliomas, the presence of abnormal neurons, 
and lymphocytic cuffing were not observed in our cases. 
It is now well known that oligodendrogliomas are often 
characterized by 1p/19q co-deletion and mutation in the 
IDH1 gene [6–7]. In the present tumors, 1p/19q co-deletion 
and expression of mutant IDH1 were not detectable. The 
combination of these two negative findings is suggestive 
of DNT rather than oligodendroglioma. It is important to 
note that the precise origin of the OLCs in DNTs is still 

Fig. 3 Histological features of lesions in both cases. (a) At the lower 
power fields, the lesions could be found to be composed of cyst, cortex 
and glial nodule; (b) The glial nodule was mainly composed of oligoden-
drocytic-like cells with uniform round nuclei and perinuclear halos, resem-
bling oligodendroglioma; (c) Scattered neuronal cells (black arrows) were 
observed to be embedded in the oligodendrocytic-like components; (d) 
In the some areas of glial nodules, piloid cells with long, hair-like pro-
cesses, resembling pilocytic astrocytoma were identified, but there were 
no Rosenthal fibers and eosinophilic granular bodies in lesions; (e) The 
adjacent cortex of lesions was found to have the histological features of 
focal cortical dysplasia (FCD) Type I with blurring of layer boundaries and 
distinct microcolumnar arrangements; (f) At the higher power fields, a 
microcolumnar arrangement, which were composed of more than eight 
small diameter neurons could be identified (black dashed box) (a and e, 
HE staining × 100; b–d, f, HE staining × 400)

Fig. 4 Immunohistochemical and FISH assay of lesions. (a) The oli-
godendrocytic-like cells in glial nodule were negative for GFAP, but were 
diffusely positive for Syn (b); (c) The scattered neuronal cells were ob-
served to have positive signal to Neu N; (d) However, the piloid cells with 
long, hair-like processes showed GFAP immuno-positivity; (e) NeuN im-
munohistochemical staining exhibited the microcolumnar arrangement in 
adjacent cortex with FCD (red dashed box); (f) FISH assay showed that 
there was no 1p/19q co-deletion in both lesions. The figure only showed 
FISH assay for 1p, the data of 19q detection was not shown here (a–e, 
immunohistochemical staining with original magnification × 400; f, FISH 
assay × 400)
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unknown. Some of these cells express neuronal markers 
and exhibit synaptophysin, suggesting that the OLCs of 
DNTs may show an early neuronal differentiation [8–9]. 
However, recent results with in situ hybridization dem-
onstrated that OLCs transcribe myelin genes and express 
myelin oligodendrocyte glycoprotein protein, indicating 
oligodendroglial differentiation [10]. Results from some 
studies have suggested that DNTs are originally oligoden-
drogliomas that occur preferentially in the cerebral cortex 
and have more benign biological behavior, corresponding 
to WHO grade I [11].

Although DNTs have been subcategorized into simple, 
complex or non-specific histological forms, we are well 
aware of the fact that there have been no clinical or ther-
apeutic implications related to the different histological 
forms. Different histological subtypes of DNT might only 
reflect varied histological features and remind patholo-
gists to avoid over-diagnosing lesions as low-grade or 
even high-grade gliomas or gangliogliomas. As there is 
no specific immunohistochemical marker for recognition 
of different subtypes of DNTs, we herein emphasize that 
the diagnosis of DNTs should be confirmed by clinical, 
radiological, and histological characteristics of patients. If 
there is absence of the specific morphological features in 
the lesion, all of the four criteria described above must be 
present to make an accurate diagnosis. In our experience, 
the diagnosis of the non-specific form of DNT should be 
considered particularly in children or young patients in 
cases in which a glial tumor exhibits an unusual histo-
logical appearance without the specific glioneuronal el-
ement, but showing a supratentorial intracortical lesion 
without peritumoral edema and mass effect. If the case 
presents diagnostic difficulties, close surveillance by im-
aging might be a better plan to objectively determine the 
actual behavior of the tumor, because radiotherapy and 
chemotherapy are contraindicated for DNTs [12–14]. Pre-
viously reported DNTs have usually shown no evidence 
of recurrence following resection. However, some stud-
ies have suggested that tumor recurrence after gross to-
tal resection or enlargement of the residual tumor with 
subtotal resection of DNTs may occur. There have even 
been reports that have documented tumor progression 
[15–16] or malignant transformation [17–18]. Risk factors for 
the development of recurrent seizures after operation on 
long-term follow-up included longer preoperative his-
tory of seizures, presence of residual tumor, and presence 
of cortical dysplasia adjacent to DNT [19–21]. Therefore, we 
suggest that a long period of follow-up is necessary even 
if the patient experienced complete relief upon initial 
surgical treatment. 

In conclusion, we report two additional rare cases of 
the non-specific form of DNT with favorable prognosis 
occurring in young patients. Both tumors exhibited the 
conventional clinical manifestations and radiological ap-

pearance of DNTs, but lacked the specific histological fea-
tures. In clinical practice, non-specific variants of DNTs 
are a diagnostic challenge for pathologists and may be 
confused with other low-grade gliomas. The careful in-
spection of radiologic and histopathologic findings may 
be helpful to make an accurate diagnosis.
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