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Abstract

A novel histomolecular tumor of the central nervous system, the “intracranial mesenchymal tumor (IMT), FET-CREB
fusion-positive” has recently been identified in the literature and will be added to the 2021 World Health Organization
Classification of Tumors of the Central Nervous System. However, our latest study using DNA-methylation analyses
has revealed that intracranial FET-CREB fused tumors do not represent a single molecular tumor entity. Among them,
the main subgroup presented classical features of angiomatoid fibrous histiocytoma, having ultrastructural features of
arachnoidal cells, for. Another tumor type with clear cell component and histopathological signs of aggressivity clus-
tered in close vicinity with clear cell sarcoma of soft tissue. Herein, we report one case of IMT with a novel SMARCA2-
CREM fusion which has until now never been described in soft tissue or the central nervous system. We compare

its clinical, histopathological, immunophenotypic, genetic and epigenetic features with those previously described

in IMT, FET-CREB fusion-positive. Interestingly, the current case did not cluster with IMT, FET-CREB fusion-positive but
rather presented histopathological (clear cell morphology with signs of malignancy), clinical (with a dismal course
with several recurrences, metastases and finally the patient’s death), genetic (fusion implicating the CREM gene), and
epigenetic (DNA-methylation profiling) similarities with our previously reported clear cell sarcoma-like tumor of the
central nervous system. Our results added data suggesting that different clinical and histomolecular tumor subtypes
or grades seem to be included within the terminology “IMT, FET-CREB fusion-positive’, and that further series of cases
are needed to better characterize them.
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Introduction

FET fusions (encompassing both EWSRI and FUS) with
genes from the CREB (cAMP response element) fam-
ily (CREB1, CREM and ATFI) are involved in a wide
variety of tumors of various locations and prognoses
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(angiomatoid fibrous histiocytomas, clear cell sarcomas
of the soft tissue —CCS-, gastrointestinal neuroectoder-
mal tumors, and primary pulmonary myxoid sarcomas).
In the central nervous system (CNS), the recent literature
identified a novel histomolecular type, named “intracra-
nial mesenchymal tumor (IMT), FET-CREB fusion-posi-
tive” which will be added in the new WHO classification
[1]. However, a previous study reveals that IMT, FET-
CREB fused do not represent a single molecular tumor
type but different epigenetic subtypes according to DNA-
methylation analyses [2]. The main methylation class is
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characterized by an extra-axial neoplasm in adults, with
syncytial or spindle cells, in a mucin or collagenous-rich
stroma. The immunoprofile is variable but EMA and
desmin are frequently expressed. This main cluster due
to arachnoidal characteristics, justifies the terminology
“intracranial mesenchymal tumors” (IMT) [2-23]. How-
ever, a minority of cases clustered near clear cell sarcoma
or extra-CNS angiomatoid fibrous histiocytomas. Herein,
we report one case of IMT with a novel SMARCA2-
CREM fusion. We compare its clinical, histopathological,
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immunophenotypic, genetic and epigenetic features
with those previously described in IMT, FET-CREB
fusion-positive.

Case presentation

A 41-year-old man presented with an extra-axial het-
erogeneous mass in the right parietal region with
necrotic and hemorrhagic components (Fig. 1A-C).
The patient has a history of chordoid meningioma
in the same area, and has been treated for 15 years

Fig. 1 Radiological and histopathological features of the recurrent tumor A Coronal T1-weighted magnetic resonance imaging sequence
after contrast injection showing an enhancing extra-axial right parietal mass with necrotic component and dural tail. B Axial Fluid attenuated
inversion recovery (FLAIR) sequence showing a perilesional edema. C Axial T2*-weighted sequence showing anterior hemorrhagic modifications
(low-intensity areas). D Infiltration of the brain parenchyma by tumor cells (HPS, magnification x 400). E Collagen deposits in the tumor (HPS,
magnification x 400). F Proliferation composed of epithelioid cells with intranuclear pseudoinclusions (white arrowhead) and several mitoses
(black arrowhead) and elevated MIB-1 labeling index (HPS, magnification x 400, and insert MIB-1 magnification x 400). G Clear cell component
(HPS, magnification x 400). H Necrosis (HPS, magnification x 400). (I) Chordoid inflexion (HPS, magnification x 400). J Peritumoral inflammatory
infiltrates (HPS, magnification x 100). K EMA immunoexpression by tumor cells (magnification x 400). L Desmin immunoexpression by tumor cells
(magnification x 400). Black scale bars represent 50 um for figures D-l and K-L; and 250 um for figure J. HPS: Hematoxylin Phloxin Saffron
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by several resections and radiation therapy due
to local recurrences (despite an initial gross total
resection). This novel local progression was surgi-
cally excised. Microscopically, the tumor showed a
multinodular, densely cellular proliferation, infil-
trating the brain parenchyma (Fig. 1D). The tumor
presented thick fibrous bands (Fig. 1E) and the tumor
cells had an epithelioid morphology with promi-
nent nucleoli, intranuclear inclusions but no psam-
moma bodies or whorls (Fig. 1F). The cytoplasm of
the tumor cells was abundant, eosinophilic (Fig. 1F)
or clear (Fig. 1G). Signs of malignancy were obvious
high mitotic index with 21 mitoses per 1.6 mm? and
elevated MIB-1 labeling index (Fig. 1F insert) and
necrosis (Fig. 1H). In some areas, the tumor cells
presented rhabdoid or chordoid features (Fig. 1I).
Whereas the tumor exhibited scattered inflammatory
infiltrates, the adjacent brain parenchyma showed
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several inflammatory foci of lymphoplasmocytic cells
(Fig. 1J). The tumor cells were immunonegative for
CKAE1/AE3, SSTR2A, CD99, NUT, Olig2, GFAP,
SOX10, PS100, HMB45, chromogranin A, synapto-
physin, neurofilaments, MUC4 and smooth muscle
actin. They only focally expressed EMA and desmin
(Fig. 1K-L), and more diffusely CD68. The expres-
sion of BRG1, INI1 and H3K27me3 was retained.
The current tumor was compared with previous sur-
gical samples and was histopathologically similar
(high mitotic index with 12 mitoses per 1.6 mm? and
elevated MIB-1 labeling index but without necro-
sis initially). Moreover, initial and recent imaging of
the whole body did not show other tumor locations.
FISH analysis of the EWSRI gene failed to reveal
a rearrangement and RNA sequencing evidenced
a SMARCA2-CREM gene fusion (Fig. 2A-B). This
fusion was also found in the primary tumor by RNA
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Fig. 2 Genetic features. A RNAseq analysis highlights a fusion between SMARCA2 (pink) and CREM (blue) genes, respectively located on chr9p24.3
and chr10p11.21. As the breakpoints are intra exonic (in exon 4 for SMARCA2, and exon 9 for CREM), the fusion point can easily been detected

by split and span reads encompassing the rearrangement with a good coverage. B Chimeric protein between SMARCA2 and CREM with

retained protein domain of SMARCA?2 detected by the immunohistochemical antibody. C Immunopositivity for SMARCA?2 in the current tumor
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sequencing analysis. An additional immunostain-
ing for SMARCA2 was secondarily performed but
revealed a retained expression of the protein (Fig. 2C)
so a DNA-methylation analysis was conducted. The
tumor was not classifiable using the Heidelberg Brain
Tumor or Sarcoma Classifiers (v11b4/v12.2). Next,
a t-Distributed Stochastic Neighbor Embedding
(t-SNE) analysis was performed in comparison with
the genome-wide DNA methylation profiles of the
sarcoma reference cohort as well as a more focused
analysis with selected reference groups including in
particular, angiomatoid fibrous histiocytomas and
CCS of soft tissue, meningiomas, and the previously
reported FET:CREB intracranial tumors cohort [2].
By using unsupervised t-SNE and by RNA seq cluster-
ing, the tumor was in close vicinity with the cluster
of CCS and case 1 of our previous study (Fig. 3) [2].
A few months later, the patient presented secondary
locations in the lungs and died rapidly of the disease,
184 months after the initial diagnosis.
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Discussion and conclusions

IMT are characterized by recurrent FET-CREB translo-
cations, always involving the FET genes to date, mainly
EWSRI and exceptionally FUS [3-9, 11-23]. SMARCA2-
CREM fusion has not been previously reported in
CNS or in soft tissue. The SMARCA2 gene, located at
9p24.3, belongs to the SWI/SNF family, responsible
for chromatin remodeling repair, and has been impli-
cated in a wide spectrum of tumors, such as carcinomas
(SMARCA2 mutations) and sarcomas (concomitant loss
of SMARCA4 and SMARCA2 expressions) [24, 25]. Only
one case of extraskeletal myxoid chondrosarcoma of the
foot was described with a SMARCA2-NR4A3 fusion
(with the same breakpoint at SMARCA?2 gene) [26]. As
was the case with our CNS tumor, this reported case
presented a retained immunoexpression of SMARCA?2
[26]. As the SMARCA2 antibody is designed to bind to
the Nter domain of the native protein, this epitope is
maintained in the resulting chimeric fusion protein and
detected by immunohistochemistry (Fig. 2). Interestingly,
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Fig. 3 Methylation-based t-SNE distribution. Reference DNA methylation classes: angiomatoid fibrous histiocytoma (AFH), angiosarcoma (AS),
clear cell sarcoma of soft parts (CCS), chordoma (CHORD), clear cell chondrosarcoma (CSA_CC), chondrosarcoma group A (CSA _Group_A),
chondrosarcoma group B (CSA_Group_B), chondrosarcoma IDH mutant group A (CSA_IDH_Group_A), chondrosarcoma IDH mutant group B (CSA_
IDH_Group_B), chondrosarcoma mesenchymal (CSA_MES), desmoplastic small round cell tumour (DSRCT), extraskeletal myxoid chondrosarcoma
(EMCS), ewing sarcoma (EWING), gastrointestinal stromal tumour (GIST), myxoid liposarcoma (MLS), meningioma (MNG), solitary fibrous tumor /
hemangiopericytoma (SFT_HMPC). Previous reported cases [2] are designated in black, the current case is designated in blue
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as in our case, the common fusion gene partner (EWSRI)
implicated in extraskeletal myxoid chondrosarcomas
is replaced by the SMARCA2 gene, suggesting a similar
molecular tumorigenesis. Previously, a wide spectrum
of histopathology has been reported in FET-CREB fused
tumors of the CNS, including chordoid morphology [20],
suggesting that specific differences in the fusion protein
or specific cell context features may be critical determi-
nants of tumor morphology [2]. However, a recent study
has identified that despite this morphological and epige-
netic heterogeneity, all CNS tumors presented ultrastruc-
tural homologies suggesting an arachnoidal cell origin
[2]. The current tumor shares some features of IMT, FET-
CREB fusion-positive but did not cluster with them when
studied using DNA-methylation analysis. Moreover, it
presents similar clear cell morphology, radiological fea-
tures, histopathological signs of malignancy, pejorative
outcome, CREM gene fusions, and epigenetic features to
one reported CCS-like tumor of the CNS [2].

In conclusion, we expanded the IMT, FET-CREB fused
genetic spectrum with one novel fusion that does not
involve the EWSRI gene. This current case constitutes
the second CCS-like tumor having a worse prognosis
than IMT, FET-CREB fusion-positive. Further studies are
needed to characterize in detail this rare type of tumor
and to validate the existence of different epigenetic tumor
subtypes.

Acknowledgements

We would like to thank the laboratory technicians at the GHU Paris Neuro
Sainte-Anne for their assistance, as well as the Integragen platform for their
technical assistance with DNA-methylation analyses.

Authors’ contributions

ATE, AR, SB, JB, and TF compiled the MRI and clinical records; ATE, DCH, NW,
EL, FC and PV conducted the neuropathological examinations; DG, GP, and
PS conducted the molecular studies; ATE, LH, and PV drafted the manuscript.
All authors reviewed the manuscript. All authors read and approved the final
manuscript.

Funding
The authors declare that they have not received any funding.

Declarations

Ethics approval
This study was approved by the GHU Paris Psychiatrie Neurosciences, Sainte-
Anne Hospital's local ethic committee.

Consent for publication
The patient signed informed consent forms before treatment was started.

Competing interests
The authors declare that they have no conflicts of interest directly related to
the topic of this article.

Author details

'Department of Neuropathology, GHU Paris - Psychiatry and Neuroscience,
Sainte-Anne Hospital, 1, rue Cabanis, 75014 Paris, France. 2Institut de Psychi-
atrie et Neurosciences de Paris (IPNP), UMR S1266, INSERM, IMA-BRAIN, Paris,
France. >Université de Paris, Paris, France. Paris-Sciences-Lettres, Curie Institute

Page 5 of 6

Research Center, INSERMU830, Paris, France. *Laboratory of Somatic Genetics,
Curie Institute Hospital, Paris, France. °Department of Neuropathology, Insti-
tute of Pathology, University Hospital Heidelberg, Heidelberg, Germany. ’Clini-
cal Cooperation Unit Neuropathology, German Cancer Research Center DKFZ,
German Consortium for Translational Cancer Research (DKTK), Heidelberg,
Germany. ®Department of Pathology, APHP University Hospital Beaujon, Cli-
chy, France. °Department of Neurosurgery, APHP University Hospital Beaujon,
Clichy, France. '°Department of Neurosurgery, GHU Paris-Psychiatrie et Neu-
rosciences, Sainte-Anne Hospital, Paris, France. ' Department of Radiology,
GHU Paris-Psychiatrie et Neurosciences, Sainte-Anne Hospital, Paris, France.
?Department of Radiation Oncology, Gustave Roussy, Paris-Saclay University,
Villejuif, France. *Medipath Pathology Lab, Frejus, France.

Received: 23 August 2021 Accepted: 19 October 2021
Published online: 29 October 2021

References

1. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al.
(2021)The 2021 WHO Classification of tumors of the central nervous
system: a summary. Neuro-Oncol, noab106

2. Tauziede-Espariat A, Sievers P, Larousserie F, Benzakoun J, Guillemot D,
Pierron G, et al. (2021) An integrative histopathological and epigenetic
characterization of primary intracranial mesenchymal tumors, FET.CREB-
fused broadening the spectrum of tumor entities in comparison with
their soft tissue counterparts. Brain Pathol Zurich Switz, e13010

3. Alshareef MA, Aimadidy Z, Baker T, Perry A, Welsh CT, Vandergrift WA
(2016) Intracranial angiomatoid fibrous histiocytoma: case report and
literature review. World Neurosurg 96:403-409

4. BaleTA, Oviedo A, Kozakewich H, Giannini C, Davineni PK, Ligon K et al
(2018) Intracranial myxoid mesenchymal tumors with EWSR1-CREB family
gene fusions: myxoid variant of angiomatoid fibrous histiocytoma or
novel entity? Brain Pathol Zurich Switz 28:183-191

5. Ballester LY, Meis JM, Lazar AJ, Prabhu SS, Hoang KB, Leeds NE et al (2020)
Intracranial myxoid mesenchymal tumor with EWSR1-ATF1 fusion. J
Neuropathol Exp Neurol 79:347-351

6. Bin Abdulgader S, Altuhaini K, Tallab R, AlTurkistani A, Alhussinan
M, Alghamdi S et al (2020) Primary intracranial angiomatoid fibrous
histiocytoma: two case reports and literature review. World Neurosurg
143:398-404

7. Choy B, Pytel P (2016) Primary intracranial myoepithelial neoplasm: a
potential mimic of meningioma. Int J Surg Pathol 24:243-247

8. Domingo RA, Vivas-Buitrago T, Jentoft M, Quinones-Hinojosa A (2020)
Intracranial myxoid mesenchymal tumor/myxoid subtype angioma-
tous fibrous histiocytoma: diagnostic and prognostic challenges.
Neurosurgery

9. Dunham C, Hussong J, Seiff M, Pfeifer J, Perry A (2008) Primary intracer-
ebral angiomatoid fibrous histiocytoma: report of a case with a t(12;22)
(913;912) causing type 1 fusion of the EWS and ATF-1 genes. Am J Surg
Pathol 32:478-484

10. Gareton A, Pierron G, Mokhtari K, Tran S, Tauziede-Espariat A, Pallud J et al
(2018) ESWR1-CREM fusion in an intracranial myxoid angiomatoid fibrous
histiocytoma-like tumor: a case report and literature review. J Neuro-
pathol Exp Neurol 77:537-541

11. GhanbariN, Lam A, Wycoco V, Lee G (2019) Intracranial Myxoid Variant of
Angiomatoid Fibrous Histiocytoma: A Case Report and Literature Review.
Cureus 11:e4261

12. Gilbert AR, Yan L, McDougall CM (2020) Broadening the age of incidence
of intracranial Angiomatoid fibrous histiocytoma with EWSR1-CREM
fusion: a case report. J Neuropathol Exp Neurol 79:1244-1246

13. Hansen JM, Larsen VA, Scheie D, Perry A, Skjgth-Rasmussen J (2015)
Primary intracranial angiomatoid fibrous histiocytoma presenting with
anaemia and migraine-like headaches and aura as early clinical features.
Cephalalgia Int J Headache 35:1334-1336

14. Kao Y-C, Lan J, Tai H-C, Li C-F, Liu K-W, Tsai J-W et al (2014) Angiomatoid
fibrous histiocytoma: clinicopathological and molecular characterisation
with emphasis on variant histomorphology. J Clin Pathol 67:210-215

15. Komatsu M, Yoshida A, Tanaka K, Matsuo K, Sasayama T, Kojita Y et al
(2020) Intracranial myxoid mesenchymal tumor with EWSR1-CREB1 gene
fusion: a case report and literature review. Brain Tumor Pathol 37:76-80



Tauziede-Espariat et al. acta neuropathol commun (2021) 9:174

20.

21

Konstantinidis A, Cheesman E, O'Sullivan J, Pavaine J, Avula S, Pizer B et al
(2019) Intracranial Angiomatoid Fibrous Histiocytoma with EWSR1-CREB
family fusions: a report of 2 pediatric cases. World Neurosurg 126:113-119
Lopez-Nunez O, Cafferata B, Santi M, Ranganathan S, Pearce TM, Kulich
SM et al (2021) The spectrum of rare central nervous system (CNS) tumors
with EWSR1-non-ETS fusions: experience from three pediatric institutions
with review of the literature. Brain Pathol Zurich Switz 31:70-83

Ochalski PG, Edinger JT, Horowitz MB, Stetler WR, Murdoch GH, Kassam
AB et al (2010) Intracranial angiomatoid fibrous histiocytoma present-

ing as recurrent multifocal intraparenchymal hemorrhage. J Neurosurg
112:978-982

Sciot R, Jacobs S, Calenbergh FV, Demaerel P, Wozniak A, Debiec-Rychter
M (2018) Primary myxoid mesenchymal tumour with intracranial location:
report of a case with a EWSR1-ATF1 fusion. Histopathology 72:880-883
Sloan EA, Chiang J, Villanueva-Meyer JE, Alexandrescu S, Eschbacher JM,
Wang W, et al. (2020) Intracranial mesenchymal tumor with FET-CREB
fusion - a unifying diagnosis for the spectrum of intracranial myxoid mes-
enchymal tumors and angiomatoid fibrous histiocytoma-like neoplasms.
Brain Pathol Zurich Switz, €12918

Valente Aguiar P, Pinheiro J, Lima J, Vaz R, Linhares P (2020) Myxoid mes-
enchymal intraventricular brain tumour with EWSR1-CREB1 gene fusion
in an adult woman. Virchows Arch [Internet]. 2020 [cited 2020 Sep 14];
Available from: https://doi.org/10.1007/500428-020-02885-7

Page 6 of 6

22. Ward B, Wang CP, Macaulay RJB, Liu JKC (2020) Adult Intracranial Myxoid
Mesenchymal tumor with EWSR1-ATF1 gene fusion. World Neurosurg
143:91-96

23. White MD, McDowell MM, Pearce TM, Bukowinski AJ, Greene S (2019)
Intracranial Myxoid Mesenchymal tumor with rare EWSR1-CREM translo-
cation. Pediatr Neurosurg 54:347-353

24. Herpel E, Rieker RJ, Dienemann H, Muley T, Meister M, Hartmann A et al
(2017) SMARCA4 and SMARCA?2 deficiency in non-small cell lung cancer:
immunohistochemical survey of 316 consecutive specimens. Ann Diagn
Pathol 26:47-51

25. Perret R, Chalabreysse L, Watson S, Serre |, Garcia S, Forest F et al (2019)
SMARCA4-deficient Thoracic Sarcomas: Clinicopathologic study of 30
cases with an emphasis on their nosology and differential diagnoses. Am
J Surg Pathol 43:455-465

26. Wei S, Pei J, von Mehren M, Abraham JA, Patchefsky AS, Cooper HS
(2021) SMARCA2-NR4A3 is a novel fusion gene of extraskeletal myxoid
chondrosarcoma identified by RNA next-generation sequencing. Genes
Chromosomes Cancer

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1007/s00428-020-02885-7

	A novel SMARCA2-CREM fusion: expanding the molecular spectrum of intracranial mesenchymal tumors beyond the FET genes
	Abstract 
	Introduction
	Case presentation

	Discussion and conclusions
	Acknowledgements
	References




