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MN1 immunohistochemistry is a sensitive diagnostic biomarker
for primitive CNS tumors with MN1 fusion
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The diagnosis accuracy of the astroblastoma has improved
significantly since its precise histomolecular definition as
astroblastoma, MNI-altered (AB-MNI) in the latest World
Health Organization Classification of Central Nervous
System tumors (WHO CNS) [6]. This rare, circumscribed
astrocytic tumor can now be more easily distinguished from
other tumors with radially arranged perivascular cells, such
as ependymomas (EPN), pleomorphic xanthoastrocytomas
(PXA), and glioblastomas (GBM) or rare gliomas [3, 8,
10-12]. Tt is associated with a robust methylation signature
[originally designated as CNS high-grade neuroepithelial
tumors, MNI-altered (HGNET-MN/)] and characterized
by specific fusions affecting the meningioma 1 (MN1) gene
(22q12.1) and different partners. Recently, some tumors
classified by DNA methylation profiling as HGNET-
MN]1 were described with EWSRI::BEND2 [7, 13] or
YAPI::BEND?2 fusion [1]. MN1 is a DNA-binding protein,
a transcriptional coregulator, interacting with the BAF com-
plex [9, 14] and mutation has been initially shown in men-
ingiomas [5, 15]. However, there is currently no validated
immunohistochemical (IHC) biomarker for MNI-altered
tumors although MN1 immunostaining has been tested suc-
cessfully on MN1::BEND?2 tumors (n=9) [4]. The sensitiv-
ity and specificity of this biomarker remain to be evaluated.

Our study aimed to evaluate MN1 THC on 632 well-
annotated, methylation-based, or genetically proven tumor

P4 Arnault Tauziede-Espariat
a.tauziede-espariat@ ghu-paris.fr
Université Paris Cité, Paris, France

Department of Neuropathology, GHU Paris, Psychiatry
and Neurosciences, Sainte-Anne Hospital, 1, Rue Cabanis,
75014 Paris, France

Institute of Psychiatry and Neurosciences de Paris (IPNP),
UMR S1266, INSERM, IMABRAIN, Paris, France

Published online: 02 December 2024

samples (adult and pediatric) across 56 different histomo-
lecular types/subtypes according to WHO CNS 5 (Table 1).

We applied the antibody anti-MN1 (polyclonal; rabbit;
1:150 dilution; Proteintech) to 3-um-thick sections of forma-
lin-fixed paraffin-embedded tissue samples, using OMNIS-
Automation (Omnis, Santa Clara, California, USA). IHC
was performed on whole sections in 466 cases and on tis-
sue microarrays in 166 tumors and was scored as follows:
1 for < 10% of cells with low-intensity nuclear staining; 2
for > 10% with low intensity; and 3 for >90% of tumor cells
with high intensity.

The THC results, detailed in Table 1, showed strong
nuclear labeling in all (n=8) but one AB with MN1::BEND?2
fusion (score 2) (Fig. 1B), but this case had been archived
for over than 25 years. Astroblastomas MNI non-altered
(with EWSRI1::BEND? fusion) (n=2/2) were negative
(Fig. 1D). The IHC was low in 590 other tumors, includ-
ing key differential diagnosis of AB (supratentorial (ST)
EPN ZFTA::RELA-fusion-positive, PXA, mesenchymal
GBM IDH-WT) (Fig. 1H, J, L). However, strong expres-
sion was also observed in 11 other histomolecular entities
(n=31) whose positivity was expected (meningioma; ST
EPN with ZFTA::MNI fusion, neuroepithelial tumors with
PATZI1::MNI fusion (Fig. 1F, P, R) but also: subepend-
ymoma; SEGA; central neurocytoma and others (Fig. 1N,
T, V, X, Z). Overall, the sensitivity and specificity of MN1
IHC in diagnosing primitive CNS tumors with MNI fusion
were 91.7% and 95.5%, respectively (AB-MNI as well as
other tumor types with MNI fusion).

MNI1 IHC is homogeneously diffuse and intense, sim-
plifying its interpretation. We recommend its routine use
to quickly and inexpensively identify potential AB-MNI
tumors, considering that morphological mimickers are
negative. Most MN1 + tumors have distinct morphologi-
cal features, making the positive IHC result less impactful
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Table 1 MNI expression in 632 tumors
Tumor types MN1 immunostaining, n (%)
Negative Positive
1 (<10% of cells, 2 (>10% of cells, 3 (>90% of
low intensity) low intensity) cells, high
intensity)
Adult-type diffuse gliomas
Glioblastoma, IDH-wildtype
RTK1 subtype 11/11 (100) 0 0
RTK2 subtype 14/14 (100) 0 0
Mesenchymal subtype 36/41 (88) 5/41 (12) 0
Oligodendroglioma, IDH-mutant and Ip/19q-codeleted 12/15 (80) 3/15 (20) 0
Pediatric-type diffuse high-grade gliomas
Diffuse midline glioma, H3 K27-altered 11/11 (100) 0
Diffuse hemispheric glioma, H3.3 G34-mutant 14/14 (100) 0
Diffuse pHGG, H3-wildtype and IDH-wildtype
RTK1 subtype 3/3 (100) 0 0
Lynch syndrome 6/6 (100) 0 0
Constitutional mismatch repair deficiency syndrome 9/9 (100) 0 0
RTK2 subtype 1/1 (100) 0 0
MYCN subtype 4/5 (80) 1/5 (20) 0
Li—Fraumeni 1/1 (100) 0 0
Infant-type hemispheric glioma 2/2 (100) 0 0
Meningioma 1/15 (7) 11/15 (73) 3/15 (20)
Circumscribed astrocytic gliomas
Astroblastoma, MNI-altered* 0/9 (0) 1/9 (11) 8/9 (89)
Astroblastoma, MNI non-altered* 2/2 (100) 0 0
High-grade astrocytoma with philoid features 5/5 (100) 0 0
Pilocytic astrocytoma 17/19 (89) 2/19 (11) 0
Pleomorphic xanthoastrocytoma 12/13 (92) 1/13 (8) 0
Subependymal giant cell astrocytoma 2/10 (20) 4/10 (40) 4/10 (40)
Ependymal tumors
Myxopapillary ependymoma 9/9 (100) 0 0
Posterior fossa ependymoma, group A 30/30 (100) 0 0
Posterior fossa ependymoma, group B 9/15 (60) 6/15 (40) 0
Spinal ependymoma 22/22 (100) 0 0
Supratentorial ependymoma
YAPI-fusion-positive 6/6 (100) 0 0
ZFTA (non-RELA)-fusion-positive 7/8 (87.5) 1/8 (12.5) 0
ZFTA::MNI fusion 0/1 (0) 0 1/1 (100)
ZFTA::RELA-fusion-positive 39/40 (97.5) 1/40 (2.5) 0
Subependymoma 5/14 (36) 2/14 (14) 7/14 (50)
Ependymoma-like tumor with PLAGLI fusion 0/2 (0) 2/2 (100) 0
Choroid plexus tumors
Choroid plexus carcinoma 8/9 (89) 1/9 (11) 0
Choroid plexus papilloma 10/10 (100) 0 0
Embryonal tumors
AT/RT MYC 7/8 (87.5) 1/8 (12.5) 0
AT/RT SHH 8/13 (62) 3/13 (23) 2/13 (15)
AT/RT TYR 6/6 (100) 0 0
CNS tumor with BCOR internal tandem duplication 7/9 (88) 2/9 (22) 0
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Table 1 (continued)

Tumor types

MNI1 immunostaining, n (%)

Negative Positive
1 (<10% of cells, 2 (>10% of cells, 3 (>90% of
low intensity) low intensity) cells, high
intensity)
CNS tumor with EP300::BCOR fusion 2/5 (40) 1/5 (20) 2/5 (40)
Embryonal tumor with multilayered rosettes 12/12 (100) 0 0
CNS neuroblastoma, FOXR2-activated 2/2 (100) 0 0
Medulloblastoma, group 3 30/30 (100) 0 0
Medulloblastoma, group 4 30/30 (100) 0 0
Medulloblastoma, SHH-activated and TP53-wildtype 30/30 (100) 0 0
Medulloblastoma, WNT-activated 13/13 (100) 0 0
CNS embryonal tumor with PLAGLI amplification 0/1 (0) 1/1 (100) 0
Pineal tumors
Pineoblastoma 13/14 (93) 1/14 (7) 0
Mesenchymal tumors
CIC-rearranged sarcoma 4/7 (57) 2/7 (29) 1/7 (14)
Rhabdomyosarcoma 2/2 (100) 0 0
Ewing sarcoma 3/4 (75) 0 1/4 (25)
Intracranial mesenchymal tumor, FET::CREB fusion-positive 2/6 (33) 2/6 (33) 2/6 (33)
Primary intracranial sarcoma, DICERI-mutant 2/2 (100) 0 0
Glioneuronal and neuronal tumors
Desmoplastic infantile ganglioglioma/desmoplastic infantile astrocytoma 10/10 (100) 0 0
Diffuse leptomeningeal glioneuronal tumor 6/6 (100) 0 0
Dysembryoplastic neuroepithelial tumor 15/15 (100) 0 0
Ganglioglioma 14/14 (100) 0 0
Central neurocytoma 1/8 (12.5) 1/8 (12.5) 6/8 (75)
Papillary glioneuronal tumor 3/3 (100) 0 0
Rosette-forming glioneuronal tumor 7/7 (100) 0 0
Neuroepithelial tumors with PATZI fusion
PATZI1::EWSRI fusion 0/1 (0) 1/1 (100) 0
PATZI1::MNI1 fusion 0/2 (0) 0 2/2 (100)

AT/RT, atypical teratoid/rhabdoid tumor; ZFTA::RELA, Supratentorial ependymoma ZFTA::RELA-fusion-positive. ZFTA::MNI, Supratento-
rial ependymoma ZFTA (non-RELA)-fusion-positive. PATZI::MN1I, Neuroepithelial tumor with PATZI fusion; CNS, central nervous system.
Bolded groups represent differential diagnoses, critical information, or unexpected findings

*All cases of astroblastomas were both confirmed by DNA methylation profiling and RNA sequencing analyses

diagnostically. Interestingly, central neurocytoma, subepend-
ymoma and SEGA share a common subependymal location,
a similar potential cell of origin (radial glial-like cell) and a
MAPkinase/AKT pathway activation (for SEGA and central
neurocytoma) [2]. However, information about the function
of MNI gene and its regulation are currently too limited to
understand its causal or non-causal relationship.

Overall, MN1 IHC shows good sensitivity for diagnos-
ing primitive CNS tumors with MN1 fusion and should be
included in routine THC panels though molecular studies
must support the final diagnosis.
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Fig. 1 Expression of MNI in primitive CNS tumors, comparing
hematoxylin phloxine saffron staining with MN1 IHC. There is dif-
fuse and strong MNI1 expression in tumors with MNI fusion, par-
ticularly astroblastoma, MNI::BEND2-fused (B), ZFTA::MNI
(P), PATZI::MN1 (R), as well as meningioma (F) and in unex-
pected tumors with no MNI fusion like SUBEPN (N), SEGA (T),
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Central neurocytoma

tumors with EP300::BCOR (V), central neurocytoma (X) and IMT
FET::CREB (Z). Conversely, no MN1 expression is observed in
tumors like astroblastoma BEND2-altered (D), ZFTA::RELA (H),
PXA (J), glioblastoma IDH-WT mesenchymal subtype (L) and
PATZI1::EWSRI (Z’). Scale bars: 50 pm
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