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Neurofibromatosis type 1 (NF1) causes various diseases in organs throughout the body from a young age. In
particular, when neurofibromas progress to plexiform neurofibromas, they deform the surrounding tissues, causing
pain and functional disorders. In addition, compared to healthy individuals, the incidence of malignant tumors such
as brain tumors and breast cancer is higher, and the prognosis is poor in NF1. In particular, neurofiboromas can
become malignant and develop malignant peripheral nerve sheath tumor (MPNST). Not only NF1 gene mutations
but also other gene mutations could affect malignancy, but the mechanism has not been fully elucidated.

In 2021, we opened the specialized outpatient clinic to treat hereditary bone and soft tissue tumors, including
NF1 (hereditary bone and soft tissue tumor outpatient clinic), and provided information about the disease and
genetic counseling. In addition, a database was created for the registration of the patients.

In recent years, genomic medicine has become widespread, and genotype-phenotype correlation has been paid
attention. Recently, it has been reported that the age of onset and symptoms of NF1 vary depending on the pattern
of pathogenic variants of NF1. In particular, patients with large deletions and truncating/splicing mutations of NF1
(LTS group), which produce little neurofibromin protein, have a younger age of onset and more severe symptoms
such as plexiform neurofiboromas and skeletal abnormalities, and a higher incidence of MPNST, compared to
missense mutation/inframe mutation of NF7 (Ml group), which produce neurofibromin protein with some degree
of function. However, there are no ideal model animals, and the molecular mechanisms by which clinical symptoms
differ depending on pathogenic variants have not been elucidated. Therefore, we established disease-specific iPS
cells from NF1 patients and induced differentiation into Schwann cell precursors to create an NF1 model that is
closer to the actual pathology.

With the consent of several NF1 patients in the LTS and MI group who were followed up at our hospital's
hereditary bone and soft tissue tumor outpatient clinic, genetic counseling and molecular genetic testing were
performed. Peripheral blood mononuclear cells (PBMCs) were collected. DNA was extracted from the PBMCs and
examined for pathogenic variants of NF1 using a next-generation sequencer. The patients were classified into two
groups: the LTS group, which leads to a major loss of function, and the MI group, which affects part of protein

translation but does not lose function so much.



PBMCs were used to reprogram the cells into iPS cells. For iPS generation, Sendai virus carrying a
reprogramming gene called SRV-iPSC-4 vector was used. At the same time, iPS cells derived from healthy
individuals without mutations of NF71 were also established as a control. No difference was observed in the
proliferation ability of the established iPS cells derived from healthy individuals and patients.

Disease-specific iPS cells were established from five NF1 patients in the LTS group and two in the MI group, and
one of the established disease-specific iPS cells was deposited at the RIKEN BRC Bank as the subject of this
study. Next, differentiation of the iPS cells into neural crest cells was induced using CHIR99021, a Wnt signal
activator. qRT-PCR confirmed increased expression of P75, SOX10, and TFAP2B at the mRNA level, and
fluorescent immunostaining confirmed expression of SOX10 and AP-2a at the protein level. Flow cytometry
analysis also confirmed that nearly 100% of the cells were P75 positive. Based on these results, we concluded
that differentiation of iPS cells derived from healthy individuals and patients into neural crest cells was successful.

Next, we induced differentiation of neural crest cells into Schwann precursor cells using a medium containing B-
Heregulin. qRT-PCR confirmed increased expression of neural markers P75, SOX10, GAP43, and ITGA4 at the
MRNA level, and fluorescent immunostaining confirmed expression of SOX10, P75, GAP43, and S1008 at the
protein level. Based on these results, we concluded that differentiation of neural crest cells derived from healthy
individuals and patients into Schwann precursor cells was successful.

Furthermore, we compared the proliferation ability of SCPs derived from healthy individuals with SCPs derived
from NF1 patients of the LTS and MI groups. The proliferative ability was as follows: Large deletion cases >
Truncating mutation cases > Missense mutation cases > Healthy subjects. Therefore, it was found that genotypes
with ability of low production of neurofibromin had ability of high proliferation. From these results, genotype-
phenotype correlation was shown in vitro. This data is similar to the knowledge of the relationship between
genotype and clinical symptoms in the clinical practice, and it was possible to create an NF1 model that reflects
true clinical needs. To reproduce the process in which neurofiboromas change into plexiform neurofibromas, SCPs
induced from iPS cells from the healthy subjects, and LTS and MI groups were transplanted into the sciatic nerve
of rats to create an NF1 neurofibroma model. After one month, tissue from the transplanted area was collected,
and HE staining and fluorescent immunostaining (Anti-human Nucleoli) confirmed that the NF1-derived SCPs had
engrafted and formed a tumor. However, engraftment was not observed in the healthy subjects. The results of this
research aimed at elucidating the pathology of NF1 are likely to bring about the following revolutionary advances
in the medical field. By establishing a disease-specific iPS cell model, we were able to demonstrate the correlation
between the genotype and the ability of cell proliferation in NF1 patients in vitro for the first time. This knowledge
will serve as the basis for promoting personalized medicine in clinical settings, and is expected to optimize follow-
up observations and treatment selection according to the type of gene mutation. In particular, the establishment
of a technology to establish stable disease-specific iPS cells from PBMCs and induce differentiation into Schwann
precursors has led to the construction of a nationwide research base. Tumor formation was confirmed in rats
transplanted with schwann precursor cells, and a neurofibroma model was established. This model contains the
genomic information of the NF1 patient, and is closer to the actual pathology than conventional genetically modified
rats, making it a useful model for preclinical evaluation. In addition, the deposition of iPS cells at the RIKEN BRC
Bank has made it possible for researchers in Japan and abroad to conduct research using this cell line. In future
clinical applications, it is expected that treatment can be selected based on the genotype and the development of

new treatment strategies.



