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Abstract 

A novel DNA methylation class of tumor within the central nervous system, the "neuroepithelial tumor (NET), PATZ1 
fusion‑positive” has recently been identified in the literature, characterized by EWSR1‑ and MN1-PATZ1 fusions. The 
cellular origin of this tumor type remains unknown, wavering between glioneuronal or mesenchymal (as round cell 
sarcomas with EWSR1-PATZ1 of the soft tissue). Because of the low number of reported cases, this tumor type will 
not be added to the 2021 World Health Organization Classification of Tumors of the Central Nervous System (CNS). 
Herein, we report one case of a CNS tumor classified by DNA methylation analysis as NET‑PATZ1 but harboring a novel 
LARGE1-AFF2 fusion which has until now never been described in soft tissue or the CNS. We compare its clinical, histo‑
pathological, immunophenotypical, and genetic features with those previously described in NET‑PATZ1. Interestingly, 
the current case presented histopathological (astroblastoma‑like features, glioneuronal phenotype), clinical (with a 
favorable course), genetic (1p loss), and epigenetic (DNA‑methylation profiling) similarities to previously reported 
cases of NET‑PATZ1. Our results added data suggesting that different histomolecular tumor subtypes seem to be 
included within the methylation class “NET, PATZ1 fusion‑positive”, including non PATZ1 fusions, and that further cases 
are needed to better characterize them.
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Introduction
Neuroepithelial tumors (NET) with PATZ1 fusions (NET-
PATZ1) have been isolated by a distinct DNA methyla-
tion profile and are characterized by recurrent fusions 
of PATZ1 in association with EWSR1 or MN1 genes [1]. 

These tumors present a wide variety of morphologies 
and immunophenotypes, having been initially classified 
as glioneuronal tumors, astroblastomas, ependymomas, 
glioblastomas, pleomorphic xanthoastrocytomas, pri-
mary neuroepithelial tumors, and round cell sarcomas, 
with different histopathological grades [2–11]. Because 
extra-CNS sarcomas may also harbor an EWSR1-PATZ1 
fusion and because of the uncertainty of the cellular ori-
gin of NET-PATZ1, this tumor type will not be added to 
the upcoming edition of the World Health Organization 
Classification of CNS Tumors [12]. Here we report a tem-
poral tumor with a NET-PATZ1 DNA methylation class 

Open Access

*Correspondence:  a.tauziede‑espariat@ghu‑paris.fr
†Guillaume Chotard, François le Loarer, Jessica Baud and Rihab Azmani 
have contributed equally to this work
1 Department of Neuropathology, GHU Paris ‑ Psychiatry 
and Neuroscience, Sainte‑Anne Hospital, 1, rue Cabanis, 75014 Paris, 
France
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40478-022-01317-8&domain=pdf


Page 2 of 5Tauziède‑Espariat et al. Acta Neuropathologica Communications           (2022) 10:15 

(MC) but harboring a LARGE1-AFF2 fusion. We com-
pare its clinical, histopathological, immunophenotypi-
cal, genetic and epigenetic features with those previously 
described in NET-PATZ1.

Case presentation
A 3-year-old girl began experiencing seizures. Cerebral 
magnetic resonance imaging (MRI) showed a left tem-
poral mass with a hyperintense signal on T1-weighted 
images, a hypointense signal on T2-weighted-images 
and with a homogeneous and intense contrast enhance-
ment after gadolinium injection (Fig.  1A–D). The mass 

was cortical, well-circumscribed, solid with a small cyst, 
having slight perilesional edema and no leptomeningeal 
attachment. Neither hemorrhagic nor necrotic modifi-
cation was observed and no calcifications were present 
on computerized tomodensitometry. Diffusion was not 
restricted (Fig.  1E). Gross total resection was achieved. 
Microscopically, the tumor was well-delineated from the 
brain parenchyma (Fig. 1F), and heterogeneous, present-
ing a sclerous stroma including isolated cells and nod-
ules of glial cells with microcystic changes (Fig.  1G-I). 
No ependymal nor astroblastic pseudorosettes, or rhab-
doid component were evidenced. The cytoplasm of the 

Fig. 1 Radiological and histopathological features. A Axial T1‑weighted magnetic resonance imaging image showing a left hyperintense temporal 
lesion. B Axial T1‑weighted magnetic resonance imaging image after contrast injection showing an intense homogeneous enhancement of the 
lesion which is mainly solid with a small cyst (arrow). C Axial T2‑weighted magnetic resonance imaging image showing an hypointensity of the 
lesion and a perilesional edema. D T2‑FLAIR‑weighted image showing the vasogenic perilesional edema. E Diffusion was not restricted. F The 
well delimitation of the tumor (HPS, magnification × 50). G The alternance of fibrous stroma containing few tumor cells and highest cellular areas 
(HPS, magnification × 200). H The collagenous stroma with few spindle cells (HPS, magnification × 400). I The cellular areas monomorphous cells 
with round to oval nuclei and abundant eosinophilic cytoplasm with microcystic changes (HPS, magnification × 400). J Low MIB‑1 labeling index 
(magnification × 400). K GFAP immunoexpression by many tumor cells (magnification × 400). L MAP2 immunoexpression by a subset of tumor cells 
(magnification × 400). M Diffuse extravascular CD34 immunoexpression with CD34‑positive ramified processes (magnification × 400). N Desmin 
immunoexpression by some tumor cells (magnification × 400). Black scale bars represent 500 µm for figure F, 250 µm for figure G, and 50 µm for 
figure H‑N. HPS: Hematoxylin Phloxin Saffron.
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tumor cells was abundant and eosinophilic. Some tumor 
cells were plurinucleated. No mitotic figures, nor necro-
sis or microvascular proliferation were observed and 
the MIB-1 labeling index was low (around 5%) (Fig. 1J). 
Very few perivascular inflammatory infiltrates were pre-
sent but no eosinophilic granular bodies or ganglion cells 
were observed. The tumor cells expressed glial markers 
(GFAP and Olig2 for a subset of cells; Fig.  1K), MAP2 
(Fig.  1L) and NeuN (without expression of synaptophy-
sin and chromogranin A), and CD34 (Fig.  1M). There 
was no immunopositivity for CKAE1/AE3, CK18, CD99, 
BCOR, SOX10, IDH1R132H or Lin28A. The tumor cells 
focally expressed desmin but there was no immunoreac-
tivity for smooth muscle actin or myogenin (Fig. 1N). The 
expression of ATRX, BRG1, INI1 and H3K27me3 was 
retained. Because of the fibrous stroma, a diagnosis of 
astroblastoma was initially suggested but a FISH analysis 
of the MN1 gene failed to reveal a rearrangement. RNA 
sequencing (including EWSR1, MN1 and PATZ1 genes) 
evidenced a LARGE1-AFF2 gene fusion (Fig.  2A) and a 
DNA methylation analysis was conducted. The tumor 
was classified as NET-PATZ1 (with a strong calibrated 
score of 0.99) based on the DNA methylation profiling 
using a random forest machine learning classification 
algorithm as previously described (v12.3; Fig.  2B) [13]. 
Twelve months later, the patient is well without adjuvant 
treatment and no residual tumor on MRI.

Discussion and conclusions
Here, we report an intracerebral tumor harboring a 
novel LARGE1-AFF2 fusion, with clinical, radiologi-
cal, histopathological, and epigenetic similarities to 
NET-PATZ1. Like most NET-PATZ1, our observation 
concerned a supratentorial tumor in a child (Table S1) 
[1–8, 11]. Whereas neuroradiological data of this 
recently described tumor type is scarce, our case pre-
sented as a solid and cystic lesion with T2-weighted 
hypointensity suggesting fibrotic content, well-cir-
cumscribed from the brain parenchyma, as previously 
reported [4, 8, 11]. NET-PATZ1 encompassed a wide 
variety of morphologies in the literature, including 
glial, glioneuronal, embryonal tumors and sarcomas 
(Table S1). Based on the literature review and our case, 
the presence of a collagenous stroma and microcysts 
seem to be frequent in NET-PATZ1 (Table S1) [1, 4, 8, 
11]. Because of this pattern and because some of them 
present pseudorosettes (not seen in our case), patholo-
gists tend to consider them a differential diagnosis for 
astroblastoma, MN1-fused [1, 2, 8]. However, NET-
PATZ1, as with our case, exhibit frequent glioneuronal 
immunoprofiles and an extravascular expression of 

CD34 may be found, which is rare in astroblastomas 
(Table  S1) [1, 11, 14]. The histopathological and epi-
genetic distinction between sarcomas with EWSR1-
PATZ1 fusion and NET, PATZ1-fusion positive is still 
not clear. Indeed, CNS and extra-CNS tumors with 
PATZ1 fusion share some histopathological features 
(microcysts, collagenous stroma and pseudorosettes, 
and a mesenchymal component described in a part of 
NET-PATZ1) and a polyphenotypic immunoprofile 
(expression of glial, neuronal and CD34 in both) [1, 11, 
15–17]. The DNA methylation analysis (v12.3) classi-
fied our case as a NET, PATZ1, although the tumor did 
not harbor a PATZ1 fusion. Similarly, the case clus-
tered with PATZ1-fused sarcomas, located outside the 
CNS on the whole RNA sequencing analysis. Our case 
presented a LARGE1-AFF2 fusion which has not been 
previously reported in CNS or in soft tissue tumors. 
Whereas no LARGE1 fusion has been described in 
tumors, several tumor types have been reported with 
AFF2 fusions in association with different partners 
(DEK in squamous carcinomas, RET in lung cancer, 
STAG2 in T-cell lymphoma) [18–21]. The fusion may 
drive the oncogenesis by deregulation of transcription 
as AFF2 encodes a RNA-binding protein through the 
C-terminal domain that can activate transcription [22]. 
Moreover, the chimeric protein is predicted to contain 
the major functional domains of both LARGE1 and 
AFF2 proteins. Interestingly, LARGE1 (22q12.3) and 
PATZ1 (22q12.2) genes are found in close proximity 
on chromosome 22, and PATZ1 was highly expressed 
at the RNA level (whereas LARGE1 and AFF2 are not) 
as observed in sarcomas with PATZ1 fusion. Because 
DNA methylation profiles are thought to represent a 
combination of both somatically acquired DNA meth-
ylation changes and a signature reflecting the cell of 
origin [23], it is reasonable to assume that our case 
represents a subtype of NET-PATZ1. Because of the 
limited follow-up data and the heterogeneity of treat-
ments applied in NET-PATZ1 cases from the literature, 
no precise prognosis has been defined [1]. And despite 
histopathological signs of aggressivity, a probable inter-
mediate grade has been suggested considering the bet-
ter outcome associated with NET-PATZ1 compared to 
high-grade tumors [1]. Our case is in line with these 
data, showing no recurrence one year after gross total 
resection without adjuvant treatment.

In conclusion, we expanded the defined MC NET-
PATZ1 genetic spectrum with one novel fusion that 
does not involve the PATZ1 gene. This case illustrates 
that further studies are needed to characterize in detail 
this rare type of tumor in terms of cellular origin, histo-
pathology, genetic features and outcome.
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Fig. 2 Illustration of the fusion and t‑SNE analysis A RNAseq analysis highlights a fusion between LARGE1 (red) and AFF2 (blue) genes, respectively 
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