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➢Cancer predisposition syndrome 
caused by a germline mutation in 
the NF1 gene

➢Affects 1:2500 individuals 
worldwide

➢Involves numerous organ systems

➢The NF1 gene is located on 
chromosome 17q11.2 and encodes 
for the protein neurofibromin

➢This large gene (60 exons and 
>300 kilobases (kb) of genomic 
DNA) has one of the highest rates 
of spontaneous mutations in the 
entire human genome

Neurofibromatosis type 1 (NF1)

Cancer predisposition syndromes
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➢Friedrich Daniel von Recklinghausen published his 

landmark paper (in German) On the Multiple 

Fibromas of the Skin and Their Relationship to the 

Multiple Neuromas in 1882.

➢ In 1956 Crowe, Schull, & Neel published a 

milestone manuscript detailing the numerous 

manifestations of this disorder and demonstrated 

the autosomal dominant inheritance pattern.

➢Penetrance approaches 100% by age 20

➢Expressivity is highly variable, even among family 

members with the same mutation
➢ important for genetic counseling, because an 

individual with mild clinical findings can have a child 
with a more severe phenotype, or vice versa



Ratner et al. Nature Reviews Cancer. 2015. Hirbe et al. Lancet Neurology. 2014.
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NF1: Diagnosis

Hirbe et al. Lancet Neurology. 2014.
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➢ Genetic linkage analysis: Chromosome 17
➢ Multipoint mapping: 17q11.2
➢ 2 patients with NF1 with balanced 

translocations (1 and 17, 17 and 22)
➢ Cloning efforts focused on the area between 

the breakpoints
➢ NF1LT:  interrupted in both 

translocations and found mutated in 
another patient
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Neurofibromin Signaling
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How will we advance treatment for peripheral 
nervous system tumors?



Demestre et al. J Neurooncol. 2010.

Robertson et al. Lancet Oncol. 2012.
Cheng et al. Circulation Research 2010.
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Where are we today?



Dombi et al. NEJM.2016



• Despite increased knowledge regarding the biology of MPNSTs, no clinical trial based on current 
preclinical models has been successful.

No Advances in Therapy



Summary of Genomic Studies

Brohl et al. Scientific Reports. 2017

Why are we failing to improve therapy?

• Current preclinical models don’t encompass the full spectrum of genetic heterogeneity that is seen in MPNST

• Treatments may work better for one disease subtype, which is currently not captured using a single genetic model.

How can we improve therapy?

• Identify subtypes and test therapies based on subtypes

• Develop Models that encompass the heterogeneity



GeM Consortium
• We hypothesize that multi-omic characterization 

of a large tumor set, at high depth, and with 
comparison to annotated clinical data, will 
identify distinct tumor subsets and inform pre-
clinical research. 

• The secondary goal is to better understand the 
relationship between tumor heterogeneity at the 
genomic level with histological markers of tumor 
behavior through multi-omic profiling and 
extensive pathological characterization utilizing 
tissue microarrays for immunohistochemistry.



Overview



Analysis Overview

Summary data will be made available through cBioPortal.



Development of a Preclinical NF1-MPNST Platform Suitable 
for Precision Oncology Drug Discovery and Evaluation

http://www.n-tap.org/


Potential Subsets?

http://www.n-tap.org/


Differential Response to Therapy

DNA Repair Pathways

PRC2 Complex

http://www.n-tap.org/


Development of the MPNST Drug Testing 
Center and Data Coordination Center



Table 1: Current MPNST PDX Lines from Washington University, Johns Hopkins University, and University of Minnesota



Scientific Plan Overview



High Throughput Screening

• Collagen microtissue fabrication. (A) A chilled flow-
focusing device partitions collagen-cell solution with 
an oil-surfactant phase, producing tens of thousands 
of 300 µm diameter collagen droplets per hour. (B) 
Droplets are placed at room temperature for 30 
minutes to polymerize. Oil is then removed and 
tissues are resuspended in culture media prior to 
transfer to a microwell plate. (C) Once polymerized 
the microtissues can be cyropreserved or placed in 
microwells for growth assays. (D) Collagen 
microtissues of MPNST PDX cells after 7 days of 
culture reveals proliferation. Cells were plated at 3 
cells per microtissue, but have clearly proliferated. 
(E) After 7 days of culture MPNST PDX cells are 
visualized using NucBlue staining. (F) Dead MPNST 
PDX cells are visualized using Sytox staining. 



Possible Therapies to Test



Promising Combinations to test in vivo

Pratilas Lab

Hirbe Lab
Largaespada Lab



Philpott et al. Human Genomics. 2017. 



Summary

• NF1 is a model tumor suppressor gene, mutated in the most common 
cancer predisposition syndrome.

• Patients with NF1 are at risk for numerous cancers, learning disabilities, 
bone abnormalities, and cardiac abnormalities. 

• NF1 is a critical gene involved in the development of sporadic cancers.

• NF1 is critical for development of numerous organ systems.



We have come a long way, but we have so much 
more to learn!

• NF1 is a huge gene!  

• What are all of the ras independent functions?

• What other genetic modifiers contribute to the phenotype?

• Further understanding of the genomics and pathophysiology are essential 
to help us treat NF1 patients, sporadic cancers, and to understand normal 
development.

Cimino et al. Handbook of Clinical Neurology. 2018



Questions?




















