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Abstract: Oncogenic Yes-associated protein (YAP) 1 fusions have been recently identified in several
cases of meningioma mostly involving pediatric patients. The meningiomas harboring YAP1-MAML2,
which is the most frequent fusion subtype, exhibit activated YAP1 signaling and share similarities
with NF2 (neurofibromatosis type 2 gene) mutant meningiomas. We reported a rare case of atypical in-
traparenchymal meningioma with YAP1-MAML2 fusion in a 20-year-old male. The patient presented
with an episode of seizure without a medical history. MRI revealed a lesion in the right temporal
lobe without extra-axial involvement. The radiological and morphological findings, however, were
indistinctive from other intracranial diseases, e.g., vascular malformation and glioma. Immunohisto-
chemical results confirmed the presence of abundant meningothelial cells in the tumor and indicated
brain invasion, supporting the diagnosis of atypical intraparenchymal meningioma. Targeted RNA
fusion analysis further identified a YAP1-MAML2 rearrangement in the tumor. Non-dural-based
intraparenchymal meningiomas are uncommon, and the careful selection of specific tumor markers
is crucial for an accurate diagnosis. Additionally, the detection of the fusion gene provides valuable
insights into the oncogenic mechanism of meningioma.
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1. Introduction

Meningiomas are the most common type of primary intracranial tumor, characterized
by their slow growth and predominantly benign nature. They constitute approximately
37% of all central nervous system tumors and 53% of non-malignant cases. The majority of
patients with meningioma are older adults, with a higher incidence in females [1,2]. Ado-
lescents and young adult patients (AYAs), however, are exceedingly rare, only representing
less than 1% [3]. The AYA meningioma presents distinct molecular and clinical charac-
teristics, which are different from those of the older age group [4]. Previous studies have
indicated that young patients with meningioma often have a risk of tumor predisposition
syndrome [5,6]. Neurofibromatosis type 2 (NF2), now termed NF2-related schwannomato-
sis, is an autosomal dominant disorder that is believed to predispose individuals to the
early development of meningioma [7-9]. NF2 is caused by mutations in the NF2 gene,
resulting in the loss of function of the tumor suppressor protein Merlin. Since Merlin
negatively regulates YAP1 (yes-associated protein 1, a.k.a YAP) as an upstream activator
of the Hippo signaling pathway, the deficiency of Merlin leads to the overexpression of
YAP1 [10]. In recent years, several YAP1 fusions, including YAP1-MAML?2, YAP1-PYGP1,
and YAP1-LMOJI, have been identified in a subset of pediatric meningiomas, with YAP1-
MAML2 being the most common [6,11,12]. YAP1-MAML2 positive meningiomas have
been reported to exhibit similarities to NF2 mutant meningiomas, showing an elevated
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level of YAP1 signaling and a comparable response to a specific group of pharmaceutical
reagents [13]. However, there have been very few case reports published on young adult
patients with the YAP1-MAML2 fusion.

2. Case Presentation

A 20-year-old male without a medical history had an episode of seizure and was
brought into the emergency room. MRI revealed a 1.4 x 1.1 cm lesion with heteroge-
neous enhancement. The enhancing lesion was located within the right medial temporal
lobe inferior and lateral to the right hippocampus. It extended into the cortex without
hippocampal or extra-axial involvement (Figure 1). He underwent craniotomy and sur-
gical excision of the lesion. Microscopically, the lesion consisted of medium-sized and
spindle-shaped meningothelial cells with moderate nuclear pleomorphism (Figure 2A).
Calcifications and collagen-rich stroma were observed (Figure 2B). Significant infiltration
of lymphocytes and histocytes was noted (Figure 2C), and prominent vessels were also
found associated with the meningothelial cells (Figure 2D). Immunohistochemistry staining
showed that the meningothelial cells were strongly positive for somatostatin receptor 2a
(SSTR2a) (Figure 2E) and E-cadherin and focally positive for progesterone receptor (PR)
(Figure 2F). But, they were negative for epithelial membrane antigen (EMA) and D2-40. The
neoplasm exhibited retained ATRX staining and a wild-type p53 expression pattern. EBV in
situ was negative. The Ki-67 proliferative index was approximately 3—4%. Notably, GFAP
immunostaining demonstrated the presence of focal brain invasion (Figure 3). Targeted
RNA fusion NGS analysis evidenced the presence of an in-frame fusion between exon 5 of
YAP1 and exon 2 of MAML2 (Figure 4). A further investigation ruled out hematolymphoid
neoplasms. The patient was diagnosed with atypical intraparenchymal meningioma with
YAP1-MAML2 fusion, WHO grade IL

Figure 1. T1-weighted MRI post-contrast MRI revealing a lesion with heterogeneous enhancement in
the right medial temporal lobe extending into the cortex (arrow).
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Figure 2. Hematoxylin and eosin staining showing medium-sized meningothelial cells (A, 200x);
calcifications (B, 100x); lymphohistiocytic infiltrate with collagen-rich stroma (C, 400x); and thick
hyalinized vessels (D, 200 x ); immunohistochemical staining demonstrating lesional cells with strong
SSTR2a positivity (E, 200 x) and focal PR positivity (F, 200x).

Figure 3. The presence of brain invasion illustrated by hematoxylin and eosin staining (A, 100x) and
GFAP immunostaining (B, 200x).
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Figure 4. NGS assay of the diagnostic tissue specimen showing the breakpoint region and sequence
confirming the YAP1-MAMIL2 fusion. * it indicates the presence of termination codon.

3. Discussion

YAPI acts as a transcriptional co-activator and plays a significant role in normal
tissue development and homeostasis [14-16]. Recent studies have indicated that YAP1
activation is frequently associated with the loss of function of the potent tumor suppressor
NF2/Merlin, which drives tumor growth, invasion, and resistance to apoptosis in various
tumors, including meningioma [13,17]. Since YAP1 is negatively regulated by Merlin via
the inhibition of its nuclear translocation and transcriptional activity, it is often considered
an oncoprotein [10,17]. More recently, YAP1 fusions have been reported in a subset of pedi-
atric meningiomas [6,11]. Further research has shown that the YAP1 fusion NF2 wild-type
meningiomas exhibit high YAP1 activity and express a similar gene profile as NF2 mutant
meningiomas. Gene expression-based clustering analyses of YAP1 point mutations have
revealed that YAP1 fusion meningiomas resemble low-grade NF2 mutant meningiomas
based on the up-regulated genes, whereas, based on the down-regulated genes, YAP1
fusion meningiomas cluster with high-grade NF2 mutant meningiomas [6,13]. Nonetheless,
as more cases of YAP1 fusion meningiomas are identified and analyzed, it becomes evident
that certain subtypes, such as YAP1-FAM118B fusion, exhibit distinct biological characteris-
tics from the NF2 mutant [18]. This suggests that YAP1 fusion meningiomas represent a
spectrum of complex molecular and histopathological profiles.

The case presented here involves a young adult male with atypical intraparenchymal
meningioma harboring YAP1-MAML2 fusion. MRI revealed the tumor located in the right
temporal lobe without dural attachment. Microscopically, it was composed of numerous
spindle cells with moderate nuclear pleomorphism, dense lymphohistiocytic infiltrate,
collagen-rich stroma, and calcifications. In addition, it displayed brain invasion, a criterion
for the diagnosis of atypical meningioma, WHO grade II. Non-dural-based intraparenchy-
mal meningiomas are rare, and their exact etiology remains unclear. They are believed to
arise from the arachnoid cells and often present with overlapping characteristics with other
intracranial tumors and pseudo-tumors, such as vascular malformation and glioma [19].
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Distinguishing them based on radiological and morphological findings can be challenging.
Immunohistochemistry for meningothelial cells plays a crucial role in accurate diagno-
sis. Interestingly, a rhabdoid cell feature observed in the previously reported pediatric
meningiomas with YAP1-MAML2 fusion was absent in this young adult patient [11].

The YAP1 fusion protein binds to the TEA domain (TEAD) and is most likely to exert
resistance to Hippo pathway inhibition, resulting in its hyperactivity. Consequently, hyper-
active YAP1 promotes tumor cell proliferation and invasion and plays an oncogenic role in
meningioma tumorigenesis. Recent advancement has been made in the search for novel
therapeutic approaches to treat meningiomas. Studies have demonstrated that blocking
the interaction between YAP1 and TEAD or targeting TEAD auto-palmitoylation can effec-
tively inhibit tumor formation and suppress tumor growth in the YAP1 fusion/NF2 mutant
meningioma and schwannoma [15,20,21]. However, the number of reported YAP1 fusion
meningioma cases remains limited. Considering that young patients with meningioma
often face a risk of tumor predisposition syndrome, it is highly recommended to perform
molecular and genetic testing on tumor tissues for this group of patients. Accumulating a
comprehensive database will significantly improve our understanding of the pathological
mechanisms of meningioma in order to enable us to optimize the therapeutic approaches.

4. Conclusions

The case presented here contributes to the existing database of YAP1-MAML2 menin-
gioma among AYA patients. Given the increased susceptibility to tumor predisposition
syndrome within this patient group, comprehensive molecular and genetic analyses on
the tumor tissues are strongly suggested. It not only provides additional evidence for
diagnosis, but also advances our knowledge of the underlying molecular mechanisms that
drives the formation of meningioma.
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