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Meningiomi:
aspetti immunofenotipici e 

molecolari



Meningiomas:
among the most 
common intracranial 
tumours, with an 
estimated incidence of 
7.86 cases per 100,000 
people per year



High morphologic heterogeneity!

- Clinical behaviour?

- Molecular heterogeneity?

- Responsiveness to treatment?

WHO Ed. 2016



WHO I : ~80% 
“various histotypes”

WHO II : ~15–20% 

atypical
“Chordoid” and “clear cell”

WHO III :  ~1–2% 

anaplastic/malignant
“Papillary” e “rhabdoid”

• Surgery

• Wait & See

• Radiotherapy

• CT and/or RT

The introduction of improved diagnostic criteria by the 2007 
WHO classification (not changed in WHO 2016) resulted in an 
increased recognition of grade II meningiomas, including 
recognition of brain-invasive tumours, and identification of a 
larger proportion of patients who have a high risk of tumour
recurrence and  need additional therapies









Meningiomas with similar histological features and same 

grade may have a different biological behaviour!

Why?

?

The inclusion of the newly identified recurrent molecular alterations in the
diagnostic assessment might further improve accuracy in the identification of
meningioma patients who need close surveillance and more-aggressive treatment



???

Biomarkers and  Molecular 

features in meningiomas ?



In the last few years, advances in molecular characterization of meningioma have
enabled identification of genetic alterations that are responsible for an increased
likelihood of tumour recurrence and could represent promising treatment targets.
These information are now included within the last WHO Ed. 2016.

WHO Ed. 2016



Recurring genetic alterations with DIAGNOSTIC and PROGNOSTIC value

NF2 mutated (somatic or germline) 
and NF2 non-mutated (somatic !?)

Meningiomas



WHO Ed. 2016



- Vestibular schwannoma (bilateral) are pathognomonic

- develop bilateral tumors before 30 years of age

- ≈ 60% of pts. develop schwannomas from dorsal root

- Meningiomas found in ≈ 50% of pts. with NF2

- NF2-related meningiomas usually have a higher mitotic index and a 
more aggressive behavior than the sporadic

- increased risk of developing other brain tumors, such as

ependymomas and astrocytomas (rare)

monosomy of chromosome 22 is  the most common chromosomal 
abnormality in meningiomas, occurring in 50–70% of sporadic cases

- multiple meningiomas
- often fibroblastic

Bilateral schwannomas

Medullary ependymoma

Neurofibromatosis type 2 (NF2)

- NF2 gene (chr. 22q12; over 110kb)
- merlin (or schwannomin)
- > mutations are truncation mutations (non-

functional protein, more severe phenotype
- deletions (also large) or missense mutations 

have a milder form of NF2



- 37 y/o; family history of NF2+ (mother and brother)
- Bilateral acoustic (VIII) schwannomas
- Meningioma dx (MRI) in FU: stable since 2009
- Slow progression from 2010. 
- In 2015 rapid progression of the lesion with edema 

and suspect of brain invasion. 
- Progression of the bilateral schwannomas.

- April 28th, 2015: surgery with radical resection

- June and July 2015: Post-surgery fractionated RT (60 Gy
in 30 fractions of 2 Gy/die)

RMN October 2015: 
- Not recurrence or residual disease

Progression of Scwhannomas
with brainstem compression

New lesion
(meningioma) of about
1cm within the left falx

Courtesy of Dr. L. Triggiani; Radiotherapy, Brescia



Necrotic foci

Brain infiltration

Bone infiltration

High Mib1/Ki67

EMA lost

October 2016: 
- MRI, local recurrence
- Other two meningiomas
- Further acustic Schwannomas progression

EMA retained

Atypical Grade II Meningioma



- Why Merlin drives meningiomagenesis remain poorly understood
- Merlin inhibits cell proliferation through contact-dependent regulation of 

various signaling pathways, including Hippo, Patched and Notch pathways.
- Activation of the mTOR pathway during meningiomagenesis

NF2 mutated (somatic) Meningiomas: about 50% 



- Alterations in SMARCB1, located on chromosome 22q11.2 in close proximity to NF2, have also 
been reported in meningiomas and schwannomas

- SMARCB1 is part of SWI/SNF complex participating in transcriptional regulation
- Co-occurrence of recurrent SMARCB1 mutations in NF2-mutated meningiomas is frequent
- Additional SMARCB1 alterations might accelerate the growth of meningioma

somatic mutations in the INI1 (SMARCB1/hSNF5) gene

- SMARCB1 is mutated in 50% of familial schwannomatosis (autosomal dominant with incomplete 
penetrance), but less than 10% of the sporadic cases

- SMARCB1mut schwannomatosis lack NF2 germline mutation, but virtually all SMARCB1-schwannomatosis-
related schwannomas have somatic NF2 mutations

- The relation between these two genes in the context of schwanomma development suggests a possible 
four-hits, three-steps mechanism of SMARCB1 and NF2 inactivation



NF2 mutant



AKT1 gene - AKT1 is members of the PI3K– AKT–mTOR pathway
- recurrent Akt1 p.Glu17Lys mut with constitutive activation of AKT1
- AKT1 p.Glu17Lys mut found in ~30% of skull-base meningiomas
- AKT1 p.Glu17Lys mutated Men have distinct gene expression

patterns compared with NF2-mutant meningiomas
- IHC evidence of PI3K–AKT–mTOR pathway activation

SMO gene- 1-5% of meningiomas without alterations in NF2 and AKT1 harbour
recurrent alterations in SMO (Hedgehog signaling pathway)

- SMO mut frequent in skull-base meningiomas (28%)
- Two hotspot mutations in SMO gene: Leu412Phe and Trp535Leu





TRAF7 
gene

- TRAF7 (E3 ubiquitin ligase; interacts with numerous pathways, including MAP3K3)
- TRAF7 mutations were found in up to 25% of WHO grade I and grade II Men
- > mutations mapped to WD40 domains, involved in regulation of JUN N-terminal 

kinase (JNK) and p38 mitogen-activated protein kinase (MAPK) signaling

- KLF4 (Kruppel-like factor gene family) (transcriptional activation and repression)
- Hotspot mutation KLF4 p.Lys409Gln in up to 50% of NF2-non-mutated Men
- Interestingly, have a high rate of co-occurrence with TRAF7 mutations 

KLF4 
gene



- AKT1 mutations in Men, as well as previous data showing activation of the 
AKT protein, supports deregulation of PI3K signaling pathway

- Indeed, PIK3CA mutations in 7% of NF2 non-mutated Meningiomas
- PIK3CA-mutant Men were graded as WHO grade I (show limited 

chromosomal instability) and were enriched in skull base Meningiomas
- PIK3CA-mutant Men lacked mutations in NF2, AKT1 and SMO, but they 

tended to harbour TRAF7 mutations

PI3K 
gene

AKT1, SMO and PIK3CA mutations were mutually exclusive.
AKT1, KLF4 and PIK3CA mutations often co-occurred with mutations in TRAF7.



- somatic mutations of POLR2A (DNA-directed RNA polymerase II subunit RPB1) 
in ~6% of Meningiomas

- POLR2A mutations did not coexist with any of previously described 
meningioma driver mutations

- associated with meningothelial histology and location in the tuberculum sellae. 
- No POLR2A mutations were present in high-grade meningiomas

POLR2A
gene

*



- frequent inactivation of BAP1 in rhabdoid meningiomas
- BAP1 mutations are more frequent in meningiomas with >50% rhabdoid cells 

and a loss of BAP1 protein expression indicates early tumour recurrence.
- BAP1 immunohistochemistry could be a promising tool for risk stratification

in patients with rhabdoid meningiomas (distinction of rhabdoid-appearing
meningiomas into aggressive and less-aggressive tumour types) 

BAP1

BAP1-mutated rhabdoid meningiomas are clinically 

aggressive, requiring intensive clinical management.



microcystic meningioma

clear cell meningioma

anti-SMARCE1 HPA003916 antibody 

Brain Pathol. 2017 May 5SMARCE1

https://www.ncbi.nlm.nih.gov/pubmed/28474749


Meningioma Driver Mutations Determine Their 
Anatomical Site of Origin

Morphology and anatomy 
meet genetics 



- Mutations in the TERT promoter have a clear effect on the prognosis of meningioma
- Increased expression of TERT has been recognized in aggressive meningiomas.
- Mutations in the TERT promoter at the hotspot regions g.228C>T and g.250C>T were found in 

6.4% of meningiomas (1.7%, 5.7% and 20% of WHO grade I, II and III meningiomas, respectively). 
- The prognostic effect of this alteration was independent from histological grade

TERT expression is 

increased in high-grade 

meningioma samples

Higher TERT expression in 

meningioma samples 

undergoing histological 

progression 



www.thelancet.com/oncology
Vol 18 May 2017 

Six DNA methylation classes (MC): 
- benign (ben) 1–3
- intermediate (int) A and B
- malignant (mal)

http://www.thelancet.com/oncology


Cell Reports 22, 3672–3683, March 27, 2018









Genomic Instability

Hyper- or Hypo-methylated Phenotype

Progression to Atypical Meningioma





Molecular signalling pathways

- Molecular signaling pathways have been extensively studied in meningiomas
- Nearly all growth factor receptors and kinases known to be involved in tumour growth 

have been identified as contributing factors in meningiomas: including EGFR, PDGFRβ, 
VEGFR, IGFR, MET. 

- Activation of these receptors drives intracellular signaling cascades involved in a 
plethora of cellular functions, including activation of mTOR

Overview of activated signaling pathways and potential drug targets in meningioma 
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