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Malignant peripheral nerve sheath tumor (MPNST) is an aggressive soft tissue sarcoma with limited therapeutic options

and a poor prognosis. Although neurofibromatosis type 1 (NF1) and radiation exposure have been identified as risk

factors for MPNST, the genetic and molecular mechanisms underlying MPNST pathogenesis have only lately been

roughly elucidated. Plexiform neurofibroma (PN) and atypical neurofibromatous neoplasm of unknown biological potential

(ANNUBP) are novel concepts of MPNST precancerous lesions, which revealed sequential mutations in MPNST

development. 
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1. Genetic Mechanism

Significant breakthroughs have been made in understanding the genetic mechanisms of MPNST in the previous decade.

Researchers now have access to more genetic data related to MPNST because of the application of genetic sequencing

in clinical diagnosis. In the case of NF1-associated MPNST, sequential, multiple-hit genetic changes may eventually lead

to the transformation of Schwann cells into precancerous lesions and MPNST. Knocking out the NF1 from the cell

(NF1  embryos) and mouse (Nf1 ; DhhCre) models has been found to cause PNs similar to those seen in

humans . Simultaneously, the NF1 mutation duplicates are significantly associated with the development of lesions .

However, only the loss of NF1 cannot result in the malignant transformation of PN to MPNST, suggesting that other genes

are involved in developing MPNST . Loss of CDKN2A is a common alteration of ANNUBP and MPNST, which is

unrelated to NF1-associated or sporadic causes . The transition to the premalignant state is driven by the extent of

CDKN2A/B deficiency . A haploid mutation can lead to atypical neurofibroma, and the homozygous deletion is defined

as ANNUBP . Conditional ablation of NF1 and CDKN2A in the Schwann cell lineage results in ANNUBP and can

progress to MPNST in the Postn-Cre Nf1  Arf  mouse model . Function loss of polycomb repressive complex 2

(PRC2) is also associated with MPNST. Lee et al. found that dysfunction of PRC2 occurs in 70% of NF1-associated

MPNST, 92% of sporadic MPNST, and 90% of radiotherapy-associated MPNST . EED and SUZ12 are the core

components of PRC2, which work together to methylate Lys27 of histone H3 to produce H3K27Me3, which can inhibit

nerve repair genes . Almost 80% of MPNST exhibited EED or SUZ12 deletion, resulting in the loss of PRC2 function

and leading to H3K27Me3 global hypomethylation . Researchers transferred wild type SUZ12 or EED into the MPNST

cell line ST88-14 (which has lost H3K27Me3) to investigate the association between PRC2 and MPNST. After SUZ12

transfer, H3K27me3 levels recovered, and cell growth was significantly reduced . Ma et al. found that EED knockdown

can cause epigenetic changes by reducing H3K27me3; however, this effect was inhibited by the induction of CDKN2A. It

is speculated that the co-mutation of PRC2 encoding genes and CDKN2A resulted in the progression of benign

neurofibroma to MPNST . The present findings suggest that mutations in NF1, CDKN2A, and genes encoding PRC2

complex proteins may play a synergistic role in the development of MPNST, particularly NF1-associated MPNST.

Furthermore, the mutation order may also coordinate with the biomarker changes (Figure 1).
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Figure 1. A hypothesis of sequential, multiple-hit genetic mutations in MPNST development: NF1, CDKN2A, and PRC2
may play a decisive role in MPNST development with alterations in immunohistochemical markers.

Several other genetic targets have been investigated concerning MPNST. Hirbe et al. illustrated that co-mutations of NF1
and TP53 can lead to MPNST in mouse models (Gfap-Cre Nf1 ) without developing the PN phase . This may

indicate that TP53 is an independent prognostic factor for MPNST. Holtkamp et al. found increased EGFR expression,

decreased ERBB2 expression, and decreased expression of the tumor suppressor gene PTEN in MPNST cells .

Animal experiments have also shown that only concurrent EGFR overexpression or PTEN deletion in the presence of NF1
mutations results in 100% MPNST manifestation .

However, only a few studies have revealed a possible pathogenesis for sporadic de novo MPNST. Some evidence

suggests that sporadic MPNST has the same mutant genes, but in a different order, which may lead to atypical

pathological changes and various prognoses. For example, the somatic NF1 mutation of sporadic MPNST is similar to

NF1-associated MPNST . CDKN2A or PRC2 mutations have also been seen in sporadic MPNST . However, recent

evidence indicates that some point mutations, such as BRAF V600E and NRAS Q61, are detected in sporadic MPNST.

However, none of these mutations have been found in patients with NF1-associated MPNST or post-radiation MPNST .

Another study of 201 MPSNTs demonstrated that 11.9% of NF1-wild type MPSNTs harbored BRAF mutations compared

to 2.9% of NF1-altered MPNSTs. CDKN2A is significantly altered in both NF1- and BRAF-altered MPNSTs . The

genetic differences between NF1-associated MPNST and sporadic MPNST may reflect different oncogenetic pathways

.

2. Signaling Pathway and Microenvironment

The cellular signaling pathways of MPNST and the tumor microenvironment are important areas of future research.

Particularly, alterations in the NF1 gene can result in abnormal activation of the RAS pathway, which can promote cell

proliferation via the downstream RAF-MEK-ERK (MAPK) and PI3K-AKT-mTOR pathways. MEK is significantly activated in

MPNST , and clinical evidence demonstrates that MEK inhibitors are significantly effective in PN  and MPNST .

The mTOR signaling pathway regulates cell growth, survival, proliferation, cytoskeletal organization, and autophagy .

Biplab Dasgupta et al. first reported that mTOR signaling is significantly activated in NF1-knockout cells and animals and

that the rapamycin (mTOR inhibitor) can inhibit NF1-related tumor growth . Johansson et al. found that everolimus

inhibits the growth of 19–60% of NF1-associated or sporadic MPNST cell lines ; however, it is ineffective in clinical trials

. Wnt/β-catenin signaling is strongly associated with various human cancers . A study showed that the gene

expression of 20 components or regulators of the Wnt pathway are altered in MPNST compared to benign neurofibromas

. However, the precise role of the Wnt pathway in MPNST is still undetermined. Other signaling pathways including

neuregulin-1/ErbB  and EGFR–STAT3 , which have also been reported in MPNST studies. In the MPNST

microenvironment, an interesting finding is that the NF1+/− microenvironment may contribute to neurofibroma

development . It is possibly due to the alteration in immune cells, such as CD8+ T cells and natural killer cells,

compared to wild-type counterparts . NF1-heterozygous mast cells were also found to be activated by c-kit signaling

and to promote tumor cell growth by releasing TGF-β , which leads to related clinical studies of tyrosine kinase

receptors targeting KIT receptors . Others, such as macrophages, are also involved in tumor formation . Together,

the alterations in cellular signaling pathways and the NF1+/− microenvironment promote cell survival and proliferation of

MPNST (Figure 2).
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Figure 2. Signaling Pathways and Microenvironment of MPNST. Neurofibromin encoded by NF1 is lost in MPNST, which

leads to the continued activation of RAS signaling and downstream MEK and mTOR effectors. JAK/STAT3 and Wnt/β-

catenin signaling are also involved in MPNST development. Nf1+/− microenvironment of mast cells, CD8+ T cells, and

macrophages can promote MPNST growth with cytokines or immune dysfunction.
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