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Abstract
Background. Dysembryoplastic neuroepithelial tumors (DNETs) are uncommon neural tumors presenting most 
often in children and young adults and associated with intractable seizures. Rare midline neoplasms with sim-
ilar histological features to those found in DNETs have been described near the septum pellucidum and termed 
“DNET-like neoplasms of the septum pellucidum.” Due to their rarity, these tumors have been described in just a 
few reports and their genetic alterations sought only in small series.
Methods. We collected 20 of these tumors for a comprehensive study of their clinical, radiological, and patholog-
ical features. RNA sequencing or targeted DNA sequencing was undertaken on 18 tumors, and genome-wide DNA 
methylation profiling was possible with 11 tumors. Published cases (n = 22) were also reviewed for comparative 
purposes.
Results. The commonest presenting symptoms and signs were related to raised intracranial pressure; 40% 
of cases required cerebrospinal fluid diversion. Epilepsy was seen in approximately one third of cases. All 
patients had an indolent disease course, despite metastasis within the neuraxis in a few cases. Radiologically, 
the septum verum/septal nuclei were involved in all cases and are the proposed site of origin for septal 
DNET (sDNET). Septal DNET showed a high frequency (~80%) of mutations of platelet derived growth factor 
receptor A (PDGFRA), and alterations in fibroblast growth factor receptor 1 (FGFR1) and neurofibromatosis 
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type 1 (NF1) were also identified. In a genomic DNA methylation analysis alongside other neural 
tumors, sDNETs formed a separate molecular group.
Conclusions. Genetic alterations that are different from those of cerebral DNETs and a distinct methylome 
profile support the proposal that sDNET is a distinct disease entity.

Importance of the Study
“DNET-like neoplasms of the septum pellucidum” were con-
sidered to be a variant of DNET. Our study demonstrates for 
the first time that the septal nuclei are the likely site of origin 
for sDNET. Septal DNET shows a high frequency of PDGFRA 
mutations, although alterations in FGFR1 and NF1 are also 

identified, which may have therapeutic implications. Analysis 
of genomic DNA methylation profiles supports sDNET as a 
distinct disease entity. All patients of sDNET had an indolent 
disease course, despite metastasis within the neuraxis in 
some cases.

Dysembryoplastic neuroepithelial tumors (DNETs) are neural 
tumors presenting most often in children and young adults 
with intractable seizures.1 Rare neural tumors with similar his-
tologic features have been described in the region of the septal 
nuclei and termed “DNET-like neoplasms of the septum pel-
lucidum.”2–9 These publications have described small series of 
tumors or individual cases, including associated genetic altera-
tions, but a detailed study of the disease remains to be reported.

We collected 20 DNET-like neoplasms of the septum pellu-
cidum for a comprehensive study of their clinical, imaging, 
and pathological features. Gene sequencing and genome-
wide DNA methylation profiling were possible with 18 and 
11 tumors, respectively. Our data indicate that septal-region 
DNET (sDNET) is a distinct neoplasm with a high frequency 
(~80%) of mutations in the extracellular immunoglobulin 
(Ig)-like domain 4 of platelet derived growth factor recep-
tor A (PDGFRA) and a putative origin in the septum verum/
septal nuclei. All patients had an indolent disease course, 
despite metastasis within the neuraxis in some cases.

Materials and Methods

Patient Cohort

We identified 20 cases of sDNET through a search of St 
Jude Children’s Research Hospital (SJCRH) databases. 
Patient demographics, clinical course, and surgical details 
were obtained through electronic medical records. The 
research was approved by the St Jude institutional review 
board (XPD17-050/XPD18-075).

Histopathologic Review

Standard hematoxylin and eosin histopathologic prepara-
tions from each case were supplemented by immunohis-
tochemistry on 5  μm formalin-fixed paraffin-embedded 

(FFPE) tissue sections. The following antibodies were used: 
Ki67 (Dako, M7240, 1:100), glial fibrillary acidic protein 
(GFAP) (Ventana, 6F2, 1:400), oligodendrocyte transcrip-
tion factor (Olig2) (Cell Marque, 387M-15, 1:50), synapto-
physin (Leica Microsystems, NCL-L-SYNAO-299, 1:400), 
and neurofilament protein (Ventana, 2F11, prediluted).

Imaging Review

MR images were available for review in 17/20 cases. A fur-
ther 2 had only postoperative imaging, precluding evalu-
ation of the presenting tumor. The tumors were evaluated 
for location (involvement of the septal nuclei, septum pel-
lucidum, fornices, subcallosal area, and anterior commis-
sure), T1/T2/T2 fluid attenuated inversion recovery (FLAIR) 
signals, enhancement, and apparent diffusion coefficient 
(ADC) relative to the thalamus, calculated as ADCtumor/
ADCthalamus.

10 The boundaries of the septum verum, which 
contains the Ch1 and Ch2 septal nuclei, were defined 
according to criteria reported by Butler et  al.11 On MRI, 
these nuclei are delimited anteriorly by a line connecting 
the anterior margins of the globi pallidi, laterally by a verti-
cal line extending inferiorly to the base of the brain from 
the inferomedial boundary of the lateral ventricle, superi-
orly by the membranous septum pellucidum, and posteri-
orly by the fornices.

RNA Extraction, Sequencing, and Analysis

The PureLink FFPE Total RNA Isolation Kit (Thermo Fisher 
Scientific) was used for total RNA extraction from archived 
FFPE tissue sections (n = 10). Purified RNA was quantitated 
on a Qubit 1.27 fluorometer (Thermo Fisher Scientific) using 
the Qubit RNA BR Assay Kit (Thermo Fisher Scientific). Total 
RNA sequencing used the Illumina Total Stranded RNA pro-
tocol with at least 400 ng of total RNA. The quality of the 

Key Points

1. Septal DNET is a distinct neoplastic entity.

2. The septal nuclei are the proposed site of origin for sDNET.

3. Septal DNET shows a high frequency of PDGFRA mutations.
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starting materials was checked with the RNA 6000 Nano 
Assay on a 2100 Bioanalyzer (Agilent) or the RNA Pico 
Sensitivity Assay on a LabChip GX Touch (PerkinElmer). 
Libraries were prepared using the TruSeq Stranded 
Total RNA Sample Prep Kit (Illumina), followed by library 
quantification through quantitative PCR using Quant-iT 
PicoGreen dsDNA Assay Kits (Thermo Fisher Scientific) 
or KAPA Library Quantification Kits for Illumina platforms, 
and through low pass sequencing on a MiSeq Nano v2 
(Illumina). All sequencing data were generated after 100 
cycles of paired end runs on an Illumina HiSeq 2500 or 
HiSeq 4000. The RNA-seq data were aligned to human 
reference genome (build hg19), as previously described.12 
The single nucleotide variants were discovered using 

Bambino,13 annotated and ranked by putative pathogenic-
ity using a workflow named “medal ceremony,”14 and then 
manually reviewed.

Targeted DNA Sequencing

For samples with insufficient material for RNA-seq, genetic 
alterations were interrogated by targeted PCR followed by 
Sanger sequencing (n =  8). Genomic DNA or cDNA was 
used as the template. PCR products were purified with 
Monarch PCR & DNA Cleanup Kit (New England Biolabs). 
Primer sequences for amplification and sequencing are 
listed in Supplementary Table 1.
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Fig. 1 Clinical Features of sDNET. (A) Although the SJCRH series shows slight male predilection, there is no gender predilection in the combined 
series. (B) Box and scatter plots of age at diagnosis. (C) Frequencies of presenting symptoms; MS = mental status, IV = intraventricular. (D) Due to its 
location, gross total resection (GTR) of sDNET was possible in only a portion of cases. STR = subtotal resection. (E) Cases showed metastasis within 
the neuraxis at presentation or during follow-up. (F) Most cases of sDNET were managed by observation alone after surgery. (G) Progression-free 
survival of patients with sDNET; median time to progression was 19 months for the SJCRH series. (H) Overall survival of patients with sDNET.
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DNA Extraction, Methylation Profiling, and 
Analysis

Genomic DNA extracted from available FFPE tissue 
samples using a QIAamp DNA FFPE Tissue Kit (Qiagen) 
was used to generate DNA methylation data on Illumina 

Infinium MethylationEPIC BeadChip arrays according to 
the manufacturer’s instructions. At least 250 ng of DNA was 
used for most FFPE tissues. DNA samples were checked 
for quality using the Infinium HD FFPE QC Assay Protocol, 
followed by bisulfite conversion using the EZ-96 DNA 
Methylation Kit (Zymo Research). The purified converted 
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Fig. 2 Anatomy of sDNET. (A) Axial, (B) sagittal, and (C) coronal T1-weighted images (T1WI) show the normal anatomy of the septum verum (SV) 
and surrounding structures. The diagonal band of Broca (DbB, containing Ch2 nuclei) is visible at the anterior, medial, and inferior aspect of the SV. 
The septum pellucidum (SP) is a thin membrane above the SV. CC = corpus callosum, FX = fornix, AC = anterior commissure, SCA = subcallosal area, 
GP = globi pallidi. Typical sDNET (*) located in the SV, in this case on the right, is shown on (D) axial, (E) sagittal, and (F) coronal T1WI. Typically, 
sDNET appears hyperintense on T2-weighted images (G) and non-enhancing on T1WI with contrast (T1WI+C) (H), and partially suppressed on 
T2-weighted FLAIR images (I). (J) Axial gradient recalled echo images show no susceptibility suggestive of hemorrhage. (K) Sagittal images from 
FIESTA (Fast Imaging Employing Steady-state Acquisition) show almost fluid-like signal. (L) On ADC map, the tumor is hyperintense, consistent with 
absence of restricted water diffusion seen as low signal on diffusion-weighted image (inset).
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DNA was then restored, following the Infinium HD FFPE 
Restore Protocol, to a state amplifiable by the Infinium HD 
FFPE methylation whole genome amplification protocol. 
After whole genome amplification, endpoint fragmenta-
tion, and cleanup, the DNA samples were hybridized onto 
the BeadChips overnight in the Illumina Hybridization 
Oven, followed by washing, single-base extension, and 
staining. Finally, the BeadChips were scanned by the iScan 
System in the setting of Methylation NXT.

DNA methylation profiles generated with the Illumina 
Infinium HumanMethylation450 (450K) array from low-
grade neuroepithelial tumors, including angiocentric 
glioma, diffuse astrocytoma, cortical DNET, pediatric oli-
godendroglioma/oligoastrocytoma, were used in a com-
parative analysis of available sDNETs. Common probes 
from both 450K and EPIC arrays were identified, cor-
rected for background values, and then normalized with 
the SWAN method using the minfi package v1.24.0.15 The 
1000 most variable methylation probes were selected by 
standard deviation. A consensus clustering was performed 
using the ConsensusClusterPlus package v1.24.0.16 The 
following nondefault parameters were used: maxK  =  10, 
rep = 1000, distance = “euclidean,” innerLinkage = “ward.
D2,” pItem = 0.5 and pFeature = 0.5. The first 50 principal 
components were used for t-SNE (t-Distributed Stochastic 
Neighbor Embedding) analysis using the Rtsne package 
v0.13. The following nondefault parameters were used: 
theta = 0, pca = F, max_iter = 5000, and perplexity = 8. Copy-
number variation analysis was performed with the conu-
mee package v1.14.0.17

Results

Clinical Features

Following a search for potential cases, 20 sDNETs were 
included in the SJCRH series on the basis of their common 
anatomic location and histologic features. This series was 
compared with 18 reported cases (the published series), 
all tumors with a similar anatomic location and histologic 
features to the SJCRH series. The clinical features of the 
SJCRH, published, and combined (n = 38) series are sum-
marized in Fig. 1 and Supplementary Table 2.

Most patients presented with symptoms related to raised 
intracranial pressure. In the SJCRH series, 65% (13/20) of 
cases had some degree of hydrocephalus and 40% (8/20) 
required ventriculoperitoneal shunt placement. Epilepsy 
occurred in approximately one third of patients. Behavioral 
disorders—including attention deficit hyperactivity dis-
order, oppositional defiant disorder, significant academic 
decline, and emotional outbursts—were documented in 
4 patients. Two patients presented with intraventricular 
hemorrhage, and the diagnosis of sDNET was made 4 or 
5 years after the surgery to evacuate hematoma.

Due to the anatomic relationships of the tumors, gross 
total resection was possible in only a minority of cases. 
After tumor resection or biopsy, patients were initially 
managed by observation alone, except for 1 patient in the 
SJCRH series, who received craniospinal irradiation for 
disseminated disease, and 1 patient from the published 
series, who received focal radiation.3 In the SJCRH series, 

4 patients developed pituitary hormone deficiency, includ-
ing hypothyroidism, adrenal insufficiency, hypogonad-
ism, or diabetes insipidus, as a complication of surgery. 
Chemotherapy—vincristine and carboplatin—was given to 
2 patients in the SJCRH series at disease progression after 
14 or 23 months. Both patients maintained stable disease 
for a long time thereafter. All other patients maintained sta-
ble disease without receiving radiation or chemotherapy.

Progression-free and overall survival curves were plot-
ted for the SJCRH published and combined series (Fig. 
1G, H). Median time to progression was 19  months for 
the SJCRH series. While a recurrence occurred in several 
patients, only 2 of the combined series of patients died, 
both of causes unrelated to the tumor.

Imaging Findings of sDNET

The characteristic imaging findings of sDNET are shown in 
Fig. 2. Images of sDNET in the SJCRH series are shown in 
Supplementary Fig. 1. The septum verum/septal nuclei were 
involved by the neoplastic process in all 15 SJCRH patients 

  

Fig. 3 Characteristic histopathologic and immunophenotype of 
sDNET. (A) The presence of numerous OLCs is a feature of sDNET. 
(B) Neurons that appear to “float” in mucin pools are an uncommon 
finding. (C) Septal DNET has a tendency for an infiltrative growth pat-
tern, revealed by the presence of numerous entrapped axons and 
neurons. (D) Infiltration beneath the ependyma is also another char-
acteristic finding. (E) The tumor cells in sDNET are positive for Olig2 
and GFAP (F). (G) Ki67 immunolabeling is generally low but can reach 
a moderate level in focal areas in a few cases (H). Scale bar = 50 µm.
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with available imaging and in 18 published cases based on 
imaging (n = 9)2,3,6–8,18 or a detailed description of tumor lo-
cation (n = 9).2 The septum pellucidum was involved in less 
than half (7/15) of the cases in the SJCRH series.

Similar to cortical DNETs, all except one hemorrhagic 
tumor showed fluid-like low signal on T1-weighted images 
(T1WI) and high signal on T2-weighted images. T2 FLAIR 
signals were low (fluid signal nearly completely sup-
pressed) or moderate (incomplete suppression). ADC rela-
tive to the thalamus was >3 (mean 3.27 ± 0.19) in all tumors 
with quantitative ADC maps, consistent with relatively free 
diffusion of fluid. Only 2 of 13 tumors evaluated with gado-
linium contrast-enhanced T1WI (T1WI+C) showed small 
nodular enhancement; otherwise, none enhanced. Among 
the 13 subjects with documented hydrocephalus, imaging 
studies were available for review in 12 cases; 7 had obstruc-
tion at the foramen of Monro, and another 5 had compen-
sated ventriculomegaly, suggesting long-standing, at least 
partial, obstruction. Only 4 of 15 had normal ventricular 
size. Calcification, a common feature of cortical DNETs, 
was not seen. Prominent peritumoral edema was not a 
feature of the disease. In the SJCRH series, intraventricular 

dissemination was seen in 3 patients at presentation; one 
later developed extensive leptomeningeal disease. One 
additional case had documented leptomeningeal metasta-
sis, but imaging was not available for review.

Histopathologic Findings and Immunophenotype

The morphologic features and immunophenotype of 
tumors in the SJCRH series are illustrated in Fig. 3. 
Macroscopically, sDNET appears as a gelatinous subep-
endymal mass (Supplementary Video 1). On histologic 
examination, tumor cells have an oligodendrocyte-like 
morphology with round to oval nuclei, often accompanied 
by perinuclear cytoplasmic clearing. Oligodendrocyte-like 
cells (OLCs) infiltrate adjacent brain tissue, where a mucin-
rich matrix and microcysts are often observed. The nodular 
architecture and “specific glioneuronal element” charac-
teristic of cortical DNETs are not found. Eosinophilic gran-
ular bodies and Rosenthal fibers are rare findings. OLCs 
in sDNETs express Olig2 and, unlike cortical DNETs, com-
monly show diffuse immunoreactivity for GFAP. OLCs do 
not express neuronal proteins. Mitotic Figures are rare, 
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and Ki67 immunolabeling is generally low. Cortical dys-
plasia in the adjacent brain areas was not a feature of the 
tumors in the SJCRH series.

Septal DNET Harbors Recurrent PDGFRA 
Mutations

Single pathologic mutations were identified in all 18 
tumors with sufficient material for sequencing (Fig. 4). 
Nonsynonymous PDGFRA mutations within the extra-
cellular Ig-like C2-type domain 4 were present in 14/18 
(77.8%) sDNETs. Hotspot fibroblast growth factor recep-
tor 1 (FGFR1) double mutations in the tyrosine kinase 
domain (TKD) were seen in 2/18 (11.1%) and an inter-
nal tandem duplication (ITD) of the FGFR1 TKD in 1. An 
NF1:p.R1362* nonsense mutation in the Ras-GTPase acti-
vating domain was found in one sDNET from a patient 
who showed no clinical signs of NF1. Of 14 tumors with a 
PDGFRA mutation, 13 (92.9%) had alterations in the K385 
residue. Eleven (84.6%) had a PDGFRA:p.K385L muta-
tion, and 2 had a PDGFRA:p.K385I mutation. Another 
tumor had a PDGFRA:p.E365EW insertion within the 
same domain. Structural variants were not identified. 
Alterations in isocitrate dehydrogenase 1 and 2 or BRAF 
were not detected.

DNA Methylation Profiling of sDNET

An unsupervised cluster analysis and t-SNE plot based on 
genomic DNA methylation profiling support the proposal 
that sDNET is a tumor with a distinct histogenesis (Fig. 5); 
9 of 11 tumors form a distinct cluster in both analyses com-
pared with a range of similar low-grade neural tumors. The 
remaining 2 tumors cluster closely with low-grade neural 
tumors that have BRAF or FGFR1 alterations. Although a 
PDGFRA mutation at the K385 residue is present in 2 corti-
cal DNETs, these tumors do not cluster with the sDNETs. 
Similar to other pediatric low-grade neural tumors, sDNETs 
show minimal copy number variations (data not shown).

Discussion

DNETs are rare low-grade neural tumors located in the 
cerebral cortex and characterized histologically by OLCs.19 
Exceptionally rare tumors with similar histologic features 
have been described in the region of the septal nuclei and 
termed DNET-like neoplasms of the septum pellucidum,2–9 
although our radiological findings suggest that the septal 
nuclei are a more likely site of origin for sDNET. Our find-
ings also show that, while some pathologic and imaging 
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Fig. 5 Septal DNET is a molecularly distinct entity. Both unsupervised cluster analysis (A) and a t-SNE plot (B) of methylation profiles of sDNET 
and pediatric low-grade neuroepithelial tumors (LGNETs) highlighted sDNET as a molecularly distinct disease entity; AG = angiocentric glioma,  
DA = diffuse astrocytoma, O = oligodendroglioma.
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characteristics of sDNET and cortical DNET overlap, their 
clinical features, which are largely dictated by anatomic site, 
demonstrate differences. Cortical DNETs are characteristi-
cally associated with epilepsy, which is sometimes intracta-
ble. However, epilepsy occurred in only one third of patients 
with sDNET; raised intracranial pressure was the common-
est mode of presentation. Outcomes for cortical DNETs and 
sDNETs appear similar; both are associated with relapse in a 
minority of patients but have good overall survivals.

Cortical DNETs and sDNETs also show morphologic dif-
ferences. Data from our series and from published reports 
indicate that the microscopic nodular architecture and 
“specific glioneuronal element” of cortical DNETs are not 
seen in sDNET. In addition, the glial nodules of complex 
DNETs were not identified in our series, and “floating neu-
rons” were rare. Tumor cells in cortical DNETs are typically 
immunonegative for GFAP, but expression of GFAP high-
lighting the cytoplasmic processes of tumor cells was a 
common finding in our sDNET series.

Limited nucleic acid derivatives from FFPE tissue deter-
mined our approach to sequencing. For half our sDNET 
series, it was possible to extract RNA of sufficient qual-
ity for total RNA sequencing, enabling a transcriptome-
wide perspective of genetic alterations in these tumors. 
Subsequent analysis revealed a solitary pathologic muta-
tion in all 10 tumors sequenced in this way and helped 
to orient our approach to targeted sequencing. Using 
both methods, we identified a high frequency (~80%) of 
mutated PDGFRA in sDNET, and mutations in the K385 
residue dominated these results. PDGFRA alterations are 
rare in pediatric low-grade neural tumors12; therefore, the 
enrichment of PDGFRA mutations at a specific amino acid 
residue is a notable finding. PDGFRA mutations in sDNETs 
were found exclusively in the extracellular Ig-like C2-type 
4 domain, which mediates the receptor-receptor interac-
tion required for dimerization and activation upon binding 
of PDGFs,20 suggesting a gain-of-function role with these 
mutations. FGFR1 alterations, including hotspot muta-
tions and a TKD ITD, have been reported in cortical DNETs 
and pediatric-type oligodendrogliomas. These also occur 
in sDNET, but at much lower frequencies, further setting 
sDNET apart from the cortical DNET.

The distinctive mutational profile of sDNET is matched 
by its DNA methylation profile. The great majority of 
sDNETs in our analysis formed a distinct group in unsuper-
vised cluster analysis and in a t-SNE plot compared with 
other low-grade neural tumors, notably cortical DNETs and 
pediatric oligodendrogliomas with similar PDGFRA and 
FGFR1 alterations. Altogether, our findings support septal 
DNET as a disease with distinctive clinicopathological and 
molecular features.

Supplementary Material

Supplementary data are available at Neuro-Oncology 
online.
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