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Dear NF Conference Attendees:

 

It is our honor to welcome you to Monterey for the 30th gathering of the NF Conference. From its humble beginnings 

27 years ago in 1987 as a lunch meeting of 11 researchers and clinicians at the Harmonie Club in New York City, this 

conference has grown to over 300 participants from 16 different countries.

Each year the Co-Chairs switch it up a bit- to hear new ideas, revisit old ones, and get updates on work in progress.  

We have a shared goal for this meeting - to challenge your thinking.  We also want to challenge how research is done.  

The lonely scientist, hunched over a microscope in a solo lab has always been more myth than reality, but more than 

ever, today’s research is advanced by collaboration - not just by labs in one center, but across universities, industry, 

disciplines and countries.  

There will always be a need for basic research that turns over rocks to find and test wild ideas, but today’s research 

challenges demand a range of skills and resources that are impossible to find in one place, much less one person. The 

engagement of more diverse teams and greater resources focused on the problems we face in NF and their commitment 

to accelerate where possible the path to the patient is critical to finding treatments faster.  

Although we all know that the translation from basic science to clinical trials is not an overnight process, this meeting 

will certainly spur new ideas and new collaborations that are essential to the identification of better targets and hence 

better therapies. 

We are convinced that our investments will help bring better NF treatments to our patients. However, as the theme of 

this conference indicates, ‘”Many Paths - One Goal”, our conviction that only a highly collaborative multidisciplinary 

team approach to analyze multimodal data sets becomes a critical requirement for success. We are confident that 

those advances will have their seeds in the progress that is shared and the collaborations that are formed at the NF 

Conference. Thank you for being a part of it.  Have a great meeting and enjoy!

 

Warm regards,
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John Risner

President

Annette Bakker
Chief Scientific Officer
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The Friedrich von Recklinghausen Award: Neurofibromatosis 
Tradition and Progress

The Children’s Tumor Foundation’s Friedrich von Recklinghausen Award is given 
to individuals in the professional neurofibromatosis community who have made 
significant contributions to neurofibromatosis research or clinical care. Named 
after Friedrich Daniel von Recklinghausen (1833-1910) the German physician 
who first described ‘von Recklinghausen’s disease’ – what we now know as 
neurofibromatosis type 1.

2013 Friedrich von Recklinghausen Award Recipient

It is a great pleasure to announce that the recipient of the 2013 Friedrich von Recklinghausen Award is Dr. 
Brigitte C. Widemann of the National Cancer Institute. Dr. Widemann is at the forefront in the development of 

clinical trials for NF1 and is instrumental in the effective translation of preclinical 
findings into clinical trials for MPNST.   In addition, she is co-leading the REINS 
(Response Evaluation in NF and Schwannomatosis) initiative to ensure there are 
standardized response criteria for treatments across the clinical community.  Her 
involvement with Children’s Tumor Foundation spans many years. 

Dr. Widemann was nominated for the Award by her colleagues in the 
neurofibromatosis community and will be presented with the Award at the 2013 
NF Conference on the evening of June 8th at the Welcome Dinner and Reception.

First awarded by the Foundation in 1989, the initial recipients of the Friedrich von Recklinghausen Award 
included CTF’s Chair of Medical Affairs, Dr. Bruce Korf (University of Alabama), Dr. John Carey (University of 
Utah) and current National Institutes of Health Director, Dr. Francis Collins.  CTF did not issue the Fredrich von 
Recklinghausen Award for a number of years, but revived the tradition in 2008.  The following are the most 
recent recipients of the Award, indentified through a public nomination process:

2008  
Vincent ‘Vic’ Riccardi, MD,  
The Neurofibromatosis Institute

2009 
Luis Parada, PhD, 
University of Texas Southwestern

2010  
Nancy Ratner, PhD,  
Cincinnati Children’s Hospital  
Medical Center

2012  
David Gutmann, MD PhD,  
Washington University
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NATIONAL PROGRAMS
Children’s Tumor Foundation National Programs

NF Walk Program (www.nfwalk.org)

The Children’s Tumor Foundation NF Walk Program was established in 2009 

as a national fundraising effort to support neurofibromatosis research, raise 

awareness, and provide support for individuals with NF and their families. A key 

feature of the Walk program is that it is a community-based event organized 

by local volunteers, which offers the opportunity for individuals, their families, 

friends, neighbors, and organizations to join together, through a truly enjoyable 

event, in the fight against NF. Every Step Makes a Difference.

NF Endurance Program (www.nfendurance.org)

NF Endurance offers the opportunity for individuals to participate in marathons, 

triathlons, bike races, and other high endurance sporting events to raise money 

for research, promote awareness, and provide a network of caring support for 

those living with NF and their families. NF Endurance: iNFinite possibilities.

Racing4Research (www.racing4research.org)

Racing4Research™ (R4R) utilizes competitive, professional auto racing as a 

vehicle to increase awareness of neurofibromatosis and raise funds for research 

through corporate sponsorship, personal donations, and individual fundraising 

by NF Heroes: children and adults from around the country who live with 

neurofibromatosis.  The program offers children and families living with the 

disorder a uniquely empowering weekend, and has raised over $2 million dollars 

since its inception five years ago. Fuel the Cure.

Cupid’s Undie Run (www.cupidsundierun.com)

Putting the hilarity back in charity, Cupid’s Undie Run is an entirely volunteer-

organized fundraiser that exists to benefit the Children’s Tumor Foundation. It 

began in Washington D.C. in 2010 and has grown from a $10,000 event with 400 

participants to 3,000 runners in six cities who raised nearly $400,000 in 2013. 

Cupid’s is dedicated to fundraising for the Children’s Tumor Foundation through 

fun, but “PG-13” means. “Fewer Clothes, More Funds!” 

NFWALK
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Schedule At-A-Glance
TIME EVENT LOCATION

FR
ID

AY
 

JU
NE

 7 3:00 PM 6:00 PM Registration DeAnza Foyer

2:00 PM 4:05 PM SESSION 1: NF1 Signaling in the Brain

4:05 PM 4:30 PM

12:00 PM 12:30 PM Break

DeAnza I & II

8:00 AM 9:45 AM Plexiform Neurofibroma DeAnza III

10:00 AM 12:00 PM Vestibular Schwannoma DeAnza III

7:45 AM 12:00 PM Registration

8:00 AM 12:00 PM Educational Symposium (Satellite Meeting) DeAnza III

12:30 PM 1:00 PM 2013 NF Conference Begins: Co-Chairs Welcome Remarks

DeAnza I & II

4:30 PM 6:35 PM SESSION 2: Merlin and Signaling Cancer Relevant Pathways 
and Appropriate Targets

DeAnza I & II

6:35 PM 7:15 PM Break (and walk to Welcome Dinner Venue)

SCHEDULE

7:30 AM 8:30 AM Breakfast and Optional Sunrise Session: Meet the Experts Bonsai

8:30 AM 9:30 AM KEYNOTE 1: David Kwiatkowski, MD, PhD DeAnza I & II

12:30 PM 2:00 PM SESSION 4: Optional Small Group Sessions TBA

10:00 AM 10:45 AM Break

9:30 AM 12:00 PM SESSION 3A Concurrent: NF2 Mouse Models: Predictive Preclinical Models DeAnza I & II

9:30 AM 12:00 PM SESSION 3B Concurrent: Clinical Phenotypes: What Do They Tell Us? DeAnza III

10:45 AM 12:00 PM SESSION 3 Concurrent: Clinical Issues: Where Are We Now?

12:00 PM 12:30 PM Box Lunch Served

7:00 PM 8:30 PM Dinner on Your Own

12:00 PM 1:00 PM KEYNOTE 3: Gregory Sorensen, MD, Siemens USA DeAnza I & II

9:30 AM 12:00 PM SESSION 6: Industry/Government/Academic Symposium DeAnza I & II

10:30 AM 11:00 AM Break

8:30 AM 9:30 AM KEYNOTE 2: William Sellers, MD, Novartis DeAnza I & II

1:00 PM 5:00 PM

5:00 PM 7:30 PM SESSION 7: Schwannomatosis

M
O

N
D

AY
 

JU
NE

 1
0

7:30 AM 8:30 AM Breakfast and Optional Sunrise Session: Meet the Experts Bonsai

Lunch on Your Own/Free time DeAnza I & II

DeAnza III

Break

7:15 PM 10:30 PM Welcome Dinner and Reception
Presentation of 2013 Friedrich von Recklinghausen Award

Del Monte Beach House

SA
TU

RD
AY

 
JU

NE
 8

2:30 PM 4:00 PM SESSION 4E: Making GEMS RECIST-able DeAnza I & II

2:00 PM 2:30 PM Break

4:30 PM 6:30 PM SESSION 5A Concurrent: Abstract Platform Presentations - Clinical DeAnza I & II

4:00 PM 4:30 PM Break

4:30 PM 6:30 PM SESSION 5B Concurrent: Abstract Platform Presentations - Basic DeAnza III

8:30 PM 10:30 PM Poster Session I: Clinical MCC Sierra Ballroom I

6:30 PM 8:30 PM Dinner on Your Own

SU
N

D
AY

 
JU

NE
 9

7:30 AM 8:30 AM Breakfast and Optional Sunrise Session: Mentoring Session

TU
ES

D
AY

 
JU

NE
 1

1

8:30 PM 10:30 PM POSTER SESSION II (Basic Research) MCC Sierra Ballroom I

1:00PM 2:00 PM KEYNOTE 4: Frank McCormick, PhD, University of California, San Francisco DeAnza I & II

9:30 AM 11:25 AM SESSION 8: NF1 Biology DeAnza I & II

11:30 AM 12:00 PM Break - Box Lunch Served

12:00 PM 1:00 PM Clinical Trials Updates

2:00 PM 2:15 PM Chairs Closing Remarks

DeAnza Foyer

9:45 AM 10:00 AM Break
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DeAnza Foyer

DeAnza I & II

DeAnza III

DeAnza III

DeAnza I & II

DeAnza I & II

Bonsai

DeAnza I & II

TBA

DeAnza I & II

DeAnza III

DeAnza I & II

DeAnza I & II

DeAnza I & II

DeAnza III

Del Monte Beach House

DeAnza I & II

DeAnza I & II

DeAnza III

MCC Sierra Ballroom I

MCC Sierra Ballroom I

IMPORTANT NOTES
Important Notes to Chairs, Speakers & Poster Presenters

Important Notes to Speakers, Chairs & Poster Presenters

NOTE TO SPEAKERS

•	 Bring your slides to the meeting on a flash drive. DO NOT bring your own laptop. You will be notified by Foundation staff at registration as to 
when to bring your slides to the audiovisual staff.

•	 Be available by the podium 30 minutes before the start of the session in which you are speaking to understand audiovisual setup and make 
sure your slideshow is running smoothly.

•	 Check your time allotment on the agenda. Be prepared to complete your talk in the time-frame given on the agenda.
•	 If you run over time, you may be ‘cut off’ briefly summarize what you see as the key ‘take home’ points of the session.

NOTE TO SESSION CHAIRS

•	 Please stand by the podium 30 minutes before start of session you are chairing to ensure speakers have arrived, go through audiovisual 
setup, etc.

•	 It is your responsibility to convene your session PROMPTLY per the schedule.
•	 Introduce speakers by name and affiliation; and whether they are keynotes, invited speakers or selected abstract speakers. If they are CTF 

awardees (indicated on the agenda), please mention so in the introduction.
•	 Introduce the keynote speaker in more detail, by current affiliation, career, etc. (Their biosketch can be found on their abstract page.)
•	 It is your responsibility to keep your speakers ON TIME. Visual prompts (clock, lights) will be given; you are also encouraged to give a 

3-minute warning.
•	 When fielding questions from the audience, have the audience member identify him/herself, and ensure they speak into a microphone.
•	 At the close of the session, please briefly summarize what you see as the key ‘take home’ points of the session.

PREPARING A SUMMARY OF YOUR SESSION

The meeting co-chairs will be assembling a report from the Conference that can translate into a publication after the meeting.  Session co-chair(s) 
are requested to collaborate on providing a one to two page summary of your session. This should be succinct but sufficiently comprehensive to 
be meaningful. You are encouraged to liaise with your session speakers in putting this together. If there are critical references you want to mention 
please include the citation for the reference. 

NOTE TO POSTER PRESENTERS

•	 Posters will be on display throughout the Conference from Friday, June 8th to Tuesday, June 12th 
•	 Even number (Clinical) poster presenters will need to stand by their posters on Sunday (June 10th) 1:10 – 3:00 PM. 
•	 Odd number (Basic Research) poster presenters will need to stand by their posters on Monday (June 11th) 8:30 – 10:00 PM. 
•	 Pushpins will be provided! 
•	 Posters can be set-up on Friday, June 10th; it should be on display for the entire duration of the Conference

Questions?
Please contact a Foundation staff member!

DeAnza I & II

DeAnza I & II

DeAnza Foyer
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AGENDA
Friday  ·  June 7, 2013
3:00 PM 6:00 PM  Registration      DeAnza Foyer

8:35 AM 9:05 AM  Surgical Management of Plexiform Neurofibromas        
    Robert Spinner, MD, Mayo Clinic

Plexiform Neurofibroma   8:00 AM - 9:45 AM 
Chairs: Bruce Korf, MD, PhD, University of Alabama, Birmingham;  Michael Fisher, MD, Children’s Hospital of Philadelphia  

8:00 AM 8:35 AM Imaging Plexiform Neurofibromas: A Clinical Approach    
    Eva Dombi, MD, National Cancer Institute; Allan Belzberg, MD, Johns Hopkins University

Grand Salon A (1st Floor)

9:05 AM 9:55 AM  Chemotherapy for Plexiform Neurofibromas       
    Brigitte Widemann, MD, National Cancer Institute 

10:25 AM 10:50 AM  Surgical Management of Vestibular Schwannomas       
    William Slattery, MD, House Research Institute

12:30 PM 1:00 PM  2013 NF Conference Begins: Welcome Remarks       
    John W. Risner, President, Children’s Tumor Foundation; Conference Co-Chairs

DeAnza I & II

12:00 PM 12:30 PM  Break

Saturday  ·  June 8, 2013
7:45 AM 12:00 PM  Registration      DeAnza Foyer

8:00 AM 12:00 PM  Education Symposium (Satellite Meeting) 
    *Note that this is a Satellite Educational Symposium 
    (An optional session and open to all registered attendees)

DeAnza III

8:00 AM 8:10 AM  Welcome and Goals for the Session

Vestibular Schwannoma 10:00 AM - 12:00 PM 
Chairs: John Niparko, MD, University of Southern California;  Gareth Evans, MD, St. Mary’s Hospital, United Kingdom  

10:00 AM 10:25 AM Volumetric Analysis of Vestibular Schwannomas    
    Gordon Harris, PhD, Massachusetts General Hospital

    Imaging Vestibular Schwannomas: A Clinical Approach    
    Michel Kalamarides, MD, PhD, Hopital Pitie-Salpetriere, Paris, France

10:50 AM 11:15 AM  Managing Complications of Skull Base Surgery       
    Scott Plotkin, MD, PhD, Massachusetts General Hospital/Harvard Medical School

11:15 AM 12:00 PM  Radiation Therapy and Chemotherapy for Vestibular Schwannomas     
    Matthias Karajannis, MD, New York University Langone Medical Center

3
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AGENDA
Saturday  ·  June 8, 2013

2:00 PM 2:25 PM  Double-Hit or Haploinsufficiency – Disease Mechanism Underlying NF1-Associated Brain Pathologies   
    Yuan Zhu, PhD, University of Michigan

SESSION 1:    NF1 Signaling in the Brain
2:00 PM 4:05 PM Chairs: Yuan Zhu, PhD, University of Michigan; Michel Kalamarides, MD, PhD, Hopital Pitie-Salpetriere

DeAnza I & II

2:25 PM 2:50 PM  Cell Type Specific Functions of MEK/ERK Signaling During Cortical Development   
    William Snider, MD, University of North Carolina

2:50 PM 3:15 PM  Understanding and Developing Treatments for the Cognitive Deficits Associated with NF1 and Other Rasopathies 
    Alcino Silva, PhD, University of California 

3:40 PM 4:05 PM  Discussion

DeAnza I & II

4:05 PM 4:30 PM  Break

3:15 PM 3:40 PM  Functional Consequences of Normal and Abnormal Ras Signaling in Embryonic Precursors 
    Freda Miller, PhD, University of Toronto

SESSION 2:    Merlin and Signaling Cancer Relevant Pathways  
    and Appropriate Targets
4:30 PM 6:35 PM Chairs: Helen Morrison, PhD, Leibniz Institute for Age Research, Germany; 
    Alison Lloyd, PhD, University College London, United Kingdom

4:30 PM 4:55 PM  When Merlin Met Hippo: Insights on Merlin Function Learned from Drosophila and Mice 
    DJ Pan, PhD, Johns Hopkins University

4:55 PM 5:20 PM  The Mammalian Merlin-Hippo Signaling Network 
    Filippo Giancotti, MD, PhD, Sloan-Kettering

5:20 PM 5:45 PM  Update on High-Throughput Screening Campaign for NF2 
    Cristina Fernandez-Valle, PhD, University of Central Florida

5:45 PM 6:10 PM  The Roles of Merlin and Angiomotin in Hippo-Yap Signaling      
    Joseph Kissil, PhD, The Scripps Research Institute

6:10 PM 6:35 PM  Discussion

6:35 PM 7:15 PM  Break (and Walk to Welcome Dinner Venue) Del Monte Beach House

Welcome Dinner and Reception
Monterey Beach Party at Del Monte Beach House

Presentation of 2013 Friedrich von Recklinghausen Award
7:15 PM - 10:30 PM
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AGENDA
Sunday  ·  June 9, 2013
7:30 AM 8:30 AM  Breakfast and Optional Sunrise Session: Meet the Experts 
    Panel: Anat Stemmer-Rachamimov, PhD, Massachusetts General Hospital; Bruce Korf, MD, PhD,  
    University of Alabama at Birmingham; Robert Spinner, MD, Mayo Clinic

Bonsai

KEYNOTE PRESENTATION 2:  Tuberous Sclerosis Complex: Recent Translational  
    Advances for a Neurocutaneous Disorder Related to NF1 and NF2:    
    David Kwiatkowski, MD, PhD 
    Brigham and Women’s Hospital/Harvard Medical School/Dana Farber Cancer Institute/Broad Institute
    Tuberous Sclerosis Complex: Recent Translational Advances for a Neurocutaneous Disorder Related to  
    NF1 and NF2

DeAnza I & II

SESSION 3: CONCURRENT SESSIONS

9:30 AM 9:55 AM  Novel Insight Into the Molecular Function of Merlin In Vitro and In Vivo     
    Andrea McClatchey, PhD, Massachusetts General Hospital/Harvard Medical School

SESSION 3A Concurrent:  NF2 Mouse Models: Predictive Preclinical Models 
9:30 AM 12:00 PM Chairs: Mario Giovannini, MD, PhD, House Research Institute;  
    Andrea McClatchey, PhD, Massachusetts General Hospital/Harvard Medical School

DeAnza I & II

8:30 AM 9:30 AM

9:55 AM 10:20 AM  Update on Mouse Models of Meningioma        
    Michel Kalamarides, MD, Hopital Pitie-Salpetriere, Paris, France

10:20 AM 10:45 AM  Break

10:45 AM 11:10 AM  A Conditional NF2 Mouse Model of Schwannoma That Recapitulates Human Disease   
    Charles Yates, MD, Indiana University School of Medicine

11:10 AM 11:35 AM  Translating NF2 Precliical Studies Into Preclinical Trials      
    Marco Giovannini, MD, PhD, House Research Institute

11:35 AM 12:00 PM  A Pilot Study of Signaling in Human Schwannoma by Proteomic Approaches    
    Dominique Lallemand, PhD, Institute Curie, France

9:30 AM 9:45 AM  CAL Macules and Freckling - NF1, Legius Syndrome and Other Diagnoses 
    Ludwine Messiaen, PhD, University of Alabama at Birmingham

SESSION 3B Concurrent:  Clinical Phenotypes: What Do They Tell Us?  
9:30 AM 12:00 PM Chairs: Ludwine Messiaen, PhD, University of Alabama at Birmingham;  
    Dusica Babovic-Vuksanovic, MD, Mayo Clinic

9:45 AM 10:00 AM  Multiple Spinal Nerve Sheath Tumour Presentation: Overlap Between NF1, NF2 and Schwannomatosis  
    Gareth Evans, MD, St. Mary’s Hospital, United Kingdom

10:00 AM 10:15 AM  Hybrid Tumors in NF - Clinical and Biological Implications      
    Anat Stemmer-Rachamimov, MD, Massachusetts General Hospital/Harvard Medical School

10:15 AM 10:30 AM  Multiple Orbital Neurofibromas, Painful Peripheral Nerve Tumors, Distinctive Face, and Marfanoid Habitus:   
    A New Syndrome          
    Dusica Babovic-Vuksanovic, MD, Mayo Clinic

DeAnza III

10:30 AM 10:45 AM  Break
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AGENDA
Sunday  ·  June 9, 2013

10:45 AM 11:00 AM  Effect of Long-Term Simvastatin on Cognition and Daily Life in Children with NF1: A Randomized Controlled Trial 
    Thijs van der Vaart, PhD, Erasmus MC, The Netherlands

SESSION 3B Concurrent:  Cognitive Issues in NF1: Where Are We Now?
10:45 AM 12:00 PM Chairs: Thijs van der Vaart, Erasmus MC, The Netherlands;  
    Nicole Ullrich, MD, PhD, Boston Children’s Hospital

DeAnza III

11:00 AM 11:15 AM  Future Trials: Neurocognitive Endpoints - a ReiNS Perspective     
    Karin Walsh, Children’s National Medical Center, The George Washington University Medical School

11:15 AM 11:30 AM  Pilot Study: Pilot Study of CogMed / CogState for NF1 Patients  
    Kristina Hardy, PhD, Children’s National Medical Center 

11:45 AM 12:00 PM  Summary/Perspective

12:00 PM 12:30 PM  Box Lunch Served

12:30 PM 4:30 PM  Optional Small Group Sessions OR Free Time On Your Own

11:30 AM 11:45 AM  GABA Deficits in Patients with NF1:  Physiological Implications 
    Maria Ribeiro, PhD, Universidade de Coimbra, Portugal

12:30 PM 2:00 PM  Session 4A: Neuropathies in NF
    Chairs: Anat Stemmer-Rachamimov, MD, Massachusetts General Hospital/Harvard Medical School;   
    Helen Morrison, PhD, Leibniz Institute for Age Research, Germany

SESSION 4:    Optional Small Group Sessions 
12:30 PM 4:00 PM 

DeAnza III

    Session 4B: Musculoskeletal Biology and Metabolism
    Chairs: Aaron Schindeler, PhD, Kids Research Institute at the Children’s Hospital at Westmead, Australia;  
    David Stevenson, MD, University of Utah

    Session 4C: Integrative Management of Children with NF1 
    Chairs: Anne C. Albers, BJC HealthCare, and Courtney Dunn, BJC HealthCare

    Session 4D: Multiple Phases of Neurofibroma Progression 
    Chairs: Vincent Riccardi, MD, The Neurofibromatosis Institute

Bonsai II

Bonsai I

DeAnza I & II

•	 12:30pm - 12:35pm  Session Chairs’ Welcome Remarks and Overview of Workshop 
•	 12:35pm - 12:45pm Introduction: Clinical Classification of Neuropathies 

Oliver Hanemann, MD, Peninsula Medical School, UK
•	 12:45pm - 12:55pm  Introduction:  The Pathology of Neuropathies 

Steve Carroll, MD, PhD 
NF2

•	 12:55pm - 1:05pm   Biology:  Why Neuropathies in NF2? 
Helen Morrison, PhD

•	 1:05pm - 1:15pm Clinical Aspects:  Neuropathies in NF2 
Susan Huson, MD, Complex NF1 Centre, Manchester, UK 
NF1

•	 1:25pm - 1:35pm   Biology:  Why Neuropathies in NF1 
Victor Mautner, MD, PhD, University of Hamburg

•	 1:35pm - 1:45pm  Clinical Aspects:  Neuropathies in NF1 
Rosalie Ferner, MD, Guy’s and St. Thomas’ NHS Foundation Trust, UK 
Schwannomatosis

•	 1:45pm  - 1:55pm  Clinical Aspects:  Neuropathies in Schwannomatosis 
Gareth Evans, MD, St. Mary’s Hospital, Manchester, UK

•	 1:55 - 2:05  Skin Biopsy for Evaluation of Neuropathies 
Anat Stemmer-Rachamimov, MD

•	 Closing remarks:  Anat Stemmer-Rachamimov, MD; Helen Morrison, Ph.D.
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AGENDA
Sunday  ·  June 9 2013

SESSION 5A Concurrent:  Abstract Platform Presentations - Clinical
4:30 PM 6:30 PM Chairs: Jan Friedman, MD, University of British Columbia, Canada

DeAnza I & II

SESSION 5: CONCURRENT SESSIONS

4:30PM – 4:45PM  The Multiple Benefits of an Intake Clinic for NF Centers 
  Amanda Bergner, MS, CGC, Johns Hopkins Comprehensive Neurofibromatosis Center

4:45PM – 5:00PM  Correlative Study of SMARCB1/INI1 Mutation Analysis and INI1 Immunohistochemical Expression  
  Patterns in Syndromic and Sporadic Schwannomas 
  Alvaro P. Pinto, MD, PhD, Massachusetts General Hospital/Harvard Medical School

5:00PM – 5:15PM  Phase II Study of Everolimus in Children and Adults with Neurofibromatosis Type 2 and Progressive  
  Vestibular Schwannomas 
  Matthias A. Karajannis, MD, MS, NYU Langone Medical Center, New York, NY 

5:15PM – 5:30PM  SARC006:  Phase II Trial of Chemotherapy i Sporadic and Neurofibromatosis Type 1 (NF1)  
  Associated High Grade Malignant Peripheral Nerve Sheath Tumors (MPNSTs) 
  Brigitte Widemann, MD, Pediatric Oncology Branch, National Cancer Institute, Bethesda, MDl

5:30PM – 5:45PM  Natural History of Vestibular Schwannoma Growth and Hearing Decline in Recently Diagnosed   
  Neurofibromatosis Type 2 Patients 
  Vanessa L. Merker, BS, Massachusetts General Hospital

5:45PM – 6:00PM  A Multi-Center, Longitudinal Study of Quality of Life (QOL) in 288 NF2 Patients Using the NF2 Impact on  
  Quality of Life (NFTI-QOL) Questionnaire 
  Rosalie E Ferner, MD, Neurofibromatosis centre Guy’s and St. Thomas’ NHS Foundation Trust London UK

6:00PM – 6:15PM Autism Spectrum Disorder within Neurofibromatosis Type 1:  A Two-Phase Whole-Population Study  
  Showing High Prevalence 
  Susan Huson, MBChB, MD (distinction), FRCP, Central Manchester Foundation Hospitals NHS Foundation Trusty

6:15PM – 6:30PM  Fractional Anisotropy of the Optic Radiations is Associted with Visual Acuity Loss in Optic Pathway  
  Gliomas of Neurofibromatosis Type 1 
  Peter M.K. de Blank, MD, MSCE, Rainbow Babies & Children’s Hospital, University Hospitals, Case Western Reserve University

4:00 PM 4:30 PM  Break

DeAnza I & II

2:00 PM 2:30 PM  Break

2:30 PM 4:00 PM  Chair: David Gutmann, MD, PhD, Washington University School of Medicine

SESSION 4E:    Making GEMS RECIST-able

Goal: This session could be a rare opportunity to create a workshop/panel discussion in which we start to 
establish reasonable expectations for translating mouse model preclinical results into useful clinical trials 
(and vice versa).

•	Introduction – calibrating expectations, concepts and challenges – 15-20 minutes

•	Participants (5 min presentations):
   Clinical: Jaishri Blakeley, MD; Scott Plotkin, MD, PhD; Roger Packer, MD; 
   Preclinical: Luis Parada, MD, PhD; Nancy Ratner, PhD; David Gutmann, MD, PhD; Wade Clapp, MD 

•	Discussion

•	Summary

SESSION 5B Concurrent:  Abstract Platform Presentations
    Chairs: David Parkinson, PhD, Peninsula College of Medicine and Dentistry, United Kingdom, and  
    Catherine Van Raamsdonk, PhD, University of British Columbia, Canada

DeAnza III

4:30PM – 4:45PM  Canonical Wnt/Beta-catenin Signaling Drives Human Schwann Cell Transformation, Progression and  
  Tumor Maintenance 
  Adrienne Watson, BS, University of Minnesota, YIA

4:45PM – 5:00PM  NF1 Loss and HRas-G12V in Oligodendrocytes Each Induce NOS-Driven Defects in Myelin and Vasculature 
  Debra A. Mayes, PhD, Experimental Hematology and Cancer Biology Cincinnati Children’s Hospital Medical Center, DDI Awardee
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AGENDA
Sunday  ·  June 9, 2013

7:30 AM 8:30 AM  Breakfast and Optional Sunrise Session: Meet the Experts

9:30 AM 10:00 AM  NF Preclinical Consortium: Lessons Learned and Future Plans      
    Jaishri Blakeley, MD, Johns Hopkins University, and Annette Bakker, PhD, Children’s Tumor Foundation

SESSION 6:    Industry/Government/Academic Symposium
9:30 AM 12:00 PM Chairs: Brigitte Widemann, MD, National Cancer Institute; Michael Fisher, MD, 
    Children’s Hospital of Pennsylvania

KEYNOTE PRESENTATION 1:  The Genetic Basis for Cancer Therapeutics DeAnza I & II

8:30 AM 9:30 AM - Application to Tumors of the CNS       
    William Sellers, MD, Novartis

SESSION 5B Concurrent:  Abstract Platform Presentations
    Chairs: David Parkinson, PhD, Peninsula College of Medicine and Dentistry, United Kingdom, and  
    Catherine Van Raamsdonk, PhD, University of British Columbia, Canada

(cont.)

5:00PM – 5:15PM  Profound Neuron/Glia Deficits in NF1-Deficient Cerebellum Can Be Rescued by RAS/ERK Inhibition  
  in Neonatal Mice  
  Yuan Wang, PhD, University of Minnesota, YIA

5:15PM – 5:30PM  NF1 Deletion Generates Multiple Subtypes of Soft-Tissue Sarcoma that Respond to MEK Inhibition 
  Rebecca Dodd, PhD, Duke University, YIA

5:30PM – 5:45PM  A New and Unconventional Regulation of Yap by Merlin in Schwann Cells 
  Alizée Boin, PhD student, Curie institute

5:45PM – 6:00PM  Neuronal Merlin Regulates Neuregulin 1 Type III Expression 
  Alexander Schulz, MD, Leibniz Institute for Age Research, Fritz Lipmann Institute Jena, Germany, YIA 

6:00PM – 6:15PM Fatty Acid Synthase Inhibitors:  Potential Therapy for NF2 
  Dina Stepanova, MS, Fox Chase Cancer Center, Philadelphia, PA 

6:15PM – 6:30PM  Effect of Anti-VEGF Therapy Combined with Radiation on NF2 Vestibular Schwannoma 
  Lei Xu, MD, PhD, Massachusetts General Hospital/Harvard Medical School

6:30 PM 8:30 PM  Dinner on Your Own

8:30 PM 10:30 PM  Poster Session I: Clinical

DeAnza III

MCC Sierra Ballroom I

In this session, Dr. Sue Huson (a leading NF clinician), Prof. Alcino Silva 
(whose pioneering work of learning and behavior in NF1 mice has led to 
human treatment trials) and Prof. Marco Giovaninni (a world leader in NF2 
mouse models) will share reflections on:
•	 How they came into the field
•	 Reflections on their contributions
•	 What they think are the big unanswered questions for the future
 
7:30  Susan Huson, MD, St. Mary’s Hospital, United Kingdom - “30 years in 
the NF1 clinic and still learning...”, 

7:50  Alcino Silva, PhD, Integrative Center for Learning and Memory, Brain 
Research Center, University of California, Los Angeles

8:10  Marco Giovannini, MD, PhD, Director of the Center for Neural Tumor 
Research, House Research Institute

Monday  ·  June 10, 2013
Bonsai
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AGENDA

Tuesday  ·  June 11, 2013

7:30 AM 8:30 AM  Breakfast and Optional Sunrise Session: Mentoring Session 
    Panel: Vincent Riccardi, MD, The Neurofibromatosis Institutes; Susan Huson, MD, St. Mary’s Hospital, 
    United Kingdom; Rosalie Ferner, MD, King’s College London, United Kingdom

7:00 PM 8:30 PM  Dinner on Your Own

8:30 PM 10:30 PM  Poster Session II: Basic Research

Monday  ·  June 10, 2013
10:00 AM 10:30 AM  Department of Defense Clinical Consortium
    Clinical Trial Updates - Summary and Perspective 
    Roger Packer, MD, Chidren’s National Medical Center

11:00 AM 11:30 AM  Opportunities with Novel and New Therapeutic Agent    
    Helen Chen, MD, National Cancer Institute

11:30 AM 12:00 PM  Role of FDA in Rare Diseases 
    Gregory Reaman, MD, Food and Drug Administration

10:30 AM 11:00 AM  Break

KEYNOTE PRESENTATION 3: DeAnza I & II

12:00 PM 1:00 AM  Gregory Sorensen, MD, Siemens USA

1:00 PM 5:00 PM  Lunch on Your Own / Free Time

5:00 PM 5:20 PM  SMARCE1 mutations cause inherited multiple spinal meningiomas      
    Miriam Smith, PhD, University of Manchester

SESSION 7:    Schwannomatosis
5:00 PM 7:30 PM Chairs: Jaishri Blakeley, MD, Johns Hopkins University; Miriam Smith, PhD, University of Manchester;
    Xandra Breakefield, PhD, Massachusetts General Hospital/Harvard Medical School

5:20 PM 5:40 PM  Expression of Mutant SMARCB1 Proteins in Schwannomas of Schwannomatosis Patients 
    Theo Hulsebos, PhD, Department of Genome Analysis, Academic Medical Center

5:40 PM 6:00 PM  Pain Signaling Induced by Snf5-null Schwann Cells: Deciphering Schwannomatosis Pain   
    Larry Sherman, PhD, Oregon Health and Science University

6:00 PM 6:20 PM  International Schwannomatosis Database Update - Who is Enrolled and How Does it Work? 
    Amanda Bergner, MS, CGC, Johns Hopkins University

6:20 PM 6:40 PM  Selective Regression of Schwannomas Using AAV1-Mediated Apoptosis 
    Xandra Breakefield, PhD, Massachusetts General Hospital/Harvard Medical School

6:40 PM 7:00 PM  Abstract Talk

DeAnza I & II

MCC Sierra Ballroom

Bonsai
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Clinical Trial Updates:  
12:00 PM  1:00 PM

12:00 PM 12:15 PM  A Phase II Study of the mTOR Inhibitor Sirolimus in Plexiform Neurofibromas in Children and Adults with NF1 
    Brian Weiss, MD, Cincinnati Children’s Hospital Medical Center

12:15 PM 12:30 PM  Phase 1 of the MEK Inhibitor AZD6244 Hydrogen Sulfate (Selumetinib Sulfate) for Children and Young  
    Adults with NF 1 and Inoperable Plexiform Neurofibromas 
    Brigitte Widemann, MD, National Cancer Institute

12:30 PM 12:45 PM  Targeting the Vasculature in NF2-bevacizumab 
    Jaishri Blakeley, MD, Johns Hopkins University

12:45 PM 1:00 PM  Everolimus for NF2-Related Vestibular Schwannomas:  The Paris Experience 
    Michel Kalamarides, MD, PhD, Hopital Pitie-Salpetriere, UPMC, Paris

AGENDA
Tuesday  ·  June 11, 2013

KEYNOTE PRESENTATION 4

DeAnza I & II

1:00 PM 2:00 PM  Frank McCormick, PhD, University of California, San Francisco

2:00 PM 2:15 PM  Chairs Closing Remarks 
    Annette Bakker, Chief Scientific Officer, Children’s Tumor Foundation; Conference Co-Chairs

8:30 AM 8:55 AM  Elucidating the Pathogenesis of and Developing Novel Therapies for MPNST’s 
    Thomas DeRaedt, PhD, Brigham Women’s Hospital

SESSION 8:    NF1 Biology 
8:30 AM 11:30 AM Chairs: Frank McCormick, PhD, University of California; Brian Weiss, MD, Cincinnati Children’s  
    Hospital Medical Center

9:20 AM 9:45 AM  Preclinical Therapeutics for Plexiform Neurofibromas: Designing Trials and Identifying Therapies  
    Nancy Ratner, PhD, Cincinnati Children’s Hospital Medical Center

10:15 AM 10:40 AM  Whole Genome Sequencing Reveals Microglia as Key Microenvironmental Drivers of Neurofibromatosis-1  
    Glioma Formation and Growth 
    David H. Gutmann, MD, PhD, Washington University School of Medicine

11:05 AM 11:30 AM  Glioblastoma Can Oiginate from Differentiated Cells in the CNS
    Dinorah Friedmann-Morvinski, PhD, The Salk Institute

8:55 AM 9:20 AM  “What’s New...” 
    Luis Parada, PhD, University of Texas/Southwestern Medical Center

11:30 AM 12:00 PM  Break - Box Lunch served

9:45 AM 10:15 AM  Break

10:40 AM 11:05 AM  Characterization of Novel Cardiovascular Abnormalities with Loss of NF1 
    Michelle Tallquist, PhD, University of Hawaii

DeAnza I & II
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NF Conference Chairs
BIOS

Alison Lloyd, PhD, MRC Laboratory for Molecular Cell Biology, University College London, United Kingdom

Alison Lloyd PhD is a senior group leader and Professor of Cell Biology at the MRC Laboratory for Molecular Cell Biology at 
University College London located in London, UK. Her lab is interested in cancer cell biology with an emphasis on the links between 
regeneration and cancer – using the peripheral nervous system as a model. A cell and molecular biologist by training, Professor 
Lloyd has a long-standing interest in how the main tumours that develop in neurofibromatosis type 1 (NF1) resemble the wounded 

and regenerative state and by studying links between these processes aims to identify novel therapeutic targets for NF1.

Professor Lloyd earned her PhD in 1989 at the Chester Beatty Labs at the Institute of Cancer Research in London studying the role of Ras signalling 
pathways in cancer biology. During two post-doctoral training periods, the first in Strasbourg, France the second at the ICRF research labs at 
Lincoln’s Inn Fields, she continued to work on the role of Ras signalling pathways in cancer and, moving into Schwann cell biology, identified key 
mechanisms by which these pathways can produce the proliferative changes associated with cancer. In 1998, She was awarded a Cancer Research 
UK Senior Research Fellowship and started her research group at UCL being appointed Professor of Cell Biology in 2010. Since starting her group, 
her work has provided major insights into how signalling pathways used to promote nerve repair have gone awry to contribute to the development of 
NF1-associated tumours. 

Scott Plotkin, MD, PhD, Massachusetts General Hospital/Harvard Medical School 

Scott Plotkin, MD, PhD, is an Associate Professor of Neurology at Harvard Medical School and is the Associate Director of the 
Pappas Center for Neuro-Oncology at Massachusetts General Hospital. He graduated magna cum laude from Harvard University 
with a bachelor’s degree in chemistry and received an MD and PhD in neuroscience from Tulane University School of Medicine. He 
completed his internship in internal medicine at Tulane and then neurology residency at Massachusetts General Hospital and Brigham 

& Women’s Hospital in Boston, MA. Upon completion of his residency, Dr. Plotkin did a clinical fellowship in neuro-oncology at Massachusetts 
General Hospital and was a post-doctoral fellow at the Schepens Eye Research Institute of Harvard Medical School.

Dr. Plotkin joined the faculty of Harvard Medical School in 2003 in the Department of Neurology. Dr. Plotkin is currently the director for the Family 
Center for Neurofibromatosis at Massachusetts General Hospital as well as director of the MGH/DFCI/BWH Neuro-Oncology Fellowship program. 
He is a member of the American Society for Clinical Oncology and has received multiple professional awards, including the Preuss Award in Clinical 
Neuro-Oncology from the American Academy of Neurology and the Martin Prize for Clinical Research from Massachusetts General Hospital.

Dr. Plotkin’s research focuses on developing clinical trials for patients with NF1, NF2, and schwannomatosis. Since 2005, he has developed a robust 
clinical trials program featuring drug studies that target tumor angiogenesis (AZD2171 and ranibizumab for patients with NF1 and neurofibromas; 
PTC299 and bevacizumab for progressive vestibular schwannoma in NF2) and drugs that modulate the host immune system (imiquimod for patients 
with NF1 and cutaneous neurofibromas). Dr. Plotkin’s other research interests include studies on the natural history of NF2, on the utility of whole 
body MRI scanning in NF, and on the genetic basis of schwannomatosis. 
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BIOS
Keynote Speakers

KEYNOTE 1: David Kwiatkowski, MD, PhD, Brigham & Women’s Hospital/Harvard Medical School
                                       
Dr. Kwiatkowski is currently Professor of Medicine at Harvard Medical School and Senior Physician at the Brigham & Women’s 
Hospital in Boston, MA. Dr. Kwiatkowski is interested broadly in the use of genetic approaches to understand human disease. His 
major interest is the tumor suppressor gene syndrome tuberous sclerosis (TSC). His laboratory studies the human molecular genetics 
of this disease, develops mouse models using null and conditional alleles of TSC1 and TSC2, explores biochemical and signaling 

pathways, and explores therapeutic approaches for this condition. His laboratory has a particular interest in the generation of brain models of this 
disorder. There are many similarities between NF and TSC and Dr. Kwiatkowski’s insights into the pathogenesis and treatment of TSC will be of great 
interest for conference attendees.

KEYNOTE 2: William Sellers, MD, Novartis Institutes of BioMedical Research
                                       
Dr. William Sellers is currently Vice President and Global Head of Oncology for the Novartis Institutes of BioMedical Research where 
he oversees the small molecule and antibody-based drug discovery efforts in oncology conducted by research groups based in 
Cambridge, MA, Basel, Switzerland and Emeryville, CA. Dr. William Sellers is formerly a Principal Investigator at Dana-Farber Cancer 
Institute and is an Associate Professor of Medicine at Harvard Medical School. He was also an Associate Member of the Broad 

Institute of Harvard and MIT. Dr. Sellers’ past research efforts were focused on understanding genetic alterations in prostate and other cancers through 
the use of high-resolution genomic approaches including high-density single-nucleotide polymorphism arrays and high-throughput gene resequencing. 
These efforts led to the discovery of MITF as an oncogene in melanoma and oncogenic activating mutations in EGFR in lung adenocarcinoma and 
glioblastoma.

KEYNOTE 3: A. Gregory Sorensen, MD, Siemens Healthcare for North America

Dr. Sorensen is currently President and CEO of Siemens Health care for North America. In this role, Dr. Sorensen is responsible for 
leading the marketing, sales, service, and support functions for Siemens Healthcare in the U.S.A, across the entire Healthcare portfolio 
including medical imaging, therapy, healthcare information technology, and laboratory diagnostics. Prior to his appointment at Siemens 
Healthcare, Dr. Sorensen was Professor of Radiology (Neuroradiology) at Massachusetts General Hospital and Harvard Medical 

School. Dr. Sorensen’s past research efforts were focused on imaging of brain tumors in phase 1 and 2 clinical trials, with a particular emphasis on anti-
angiogenic trials. He also studies the role of imaging in stroke research with a multidisciplinary team. 

KEYNOTE 4: Frank McCormick, PhD, University of California, San Francisco
                                       
Dr. McCormick is President of the American Association for Cancer Research and is currently the Director of the UCSF Helen 
Diller Family Comprehensive Cancer Center and is Associate Dean of the UCSF School of Medicine. He is also the David A Wood 
Distinguished Professor of Tumor Biology and Cancer Research. Following his PhD from the University of Cambridge in 1975, he 
pursued postdoctoral studies in New York and London before joining the Cetus corporation as the Director of Molecular Biology in 

1981. He went on to found Onyx Pharmaceutical before joining the University of California in 1997. He has received numerous honors and Awards 
including Fellowship of the Royal Society in 1996, Membership of the Institute of Medicine in 2005 and the ASCO Science of Oncology Award in 
2010. Frank McCormick has had a career-spanning interest in Ras signalling which makes his work of particular relevance and importance to the NF 
community.
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ABSTRACTS
Select Platform Presentations

The multiple benefits of an intake clinic for NF centers
SESSION 5A: June 9  |  4:30 PM – 4:45 PM

Amanda Bergner, MS, CGC                                                                                                                              
Children’s Hospital Boston/Harvard Medical School

A new and unconventional regulation of Yap by Merlin in 
Schwann cells
SESSION 5B: June 9  |  5:30 PM – 5:45 PM

Alizée Boin, PhD student
Curie institute, 26 rue d’Ulm, 75005 Paris, France

Background: Patients with neurofibromatosis 1 (NF1), neurofibromatosis 2 (NF2) and schwannomatosis (SchW) benefit from specialized medical 
care. There are relatively few clinics designed to provide care across all age ranges, leading to high demand for appointments within these clinics. 
Additionally, these patients can have complex and sometimes urgent medical needs. Time with specialists is most effective if patients are scheduled 
with providers appropriate to their current needs and comprehensive records are available at the visit. An intake/triage process exists in most 
medical practices to address these issues, though often occurs by phone and is not billable time. In an effort to meet scheduling needs and provide 
sustainable clinical services, the Johns Hopkins Comprehensive Neurofibromatosis Center (JHCNC) piloted a dedicated adult intake clinic.    

Method: All adult patients (ages 18 and above) referred to the JHCNC between April 1, 2012, and March 15, 2013, were first reached by phone for 
a brief history to ensure that they had NF1, NF2, or SchW. Patients were then scheduled for an intake appointment with an adult nurse practitioner 
with expertise in these conditions. Intake visits were used to obtain complete medical history, identify data gaps, triage patient complaints/concerns, 
gather medical records, and establish relationships. Following the intake visit, patients were scheduled for needed imaging studies or ancillary 
appointments, and for their comprehensive evaluation within the JHCNC.

Results: More than 100 new patients were triaged during the pilot period. All patients were offered an intake visit within 1-2 weeks of their referral. 
Prior to this pilot, the average wait for a clinic visit was 12-16 weeks. Additionally, time spent by the clinician in the intake clinic generated revenue 
that was previously not recovered.

Discussion: The intake clinic has reduced the wait for a new patient from approximately 100 days to <14 days. Patients arrive to the comprehensive 
clinic with more complete medical records and appropriate imaging, allowing for a focus on care and education. Prediction of cases that should be 
scheduled more urgently or for longer duration is possible. Importantly, during this pilot period, 5 patients were diagnosed with a malignant peripheral 
nerve sheath tumor likely several months sooner than they would have been, allowing for earlier intervention. Future areas of study include: 1) patient 
satisfaction, 2) impact on disease-related morbidity, and 3) assessment of revenue generated.
 
Full List of Authors: Amanda Bergner, MS CGC;  Shannon Langmead, CRNP;  Jaishri Blakeley, MD;  Allan Belzberg, MD FRCSC.

NF2 is a tumor suppressor gene responsible for the development of a rare hereditary disease called Neurofibromatosis type 2. Patients with bi-allelic 
inactivation of the NF2 gene develop multiple tumors, mainly intracranial bilateral vestibular schwannomas, arising from Schwann cells. To this day, there 
are few chemotherapeutic options to treat these patients primarily due to the lack of understanding of the molecular mechanisms of tumorigenesis. 

In 2006, Merlin, the product of the NF2 gene, was described as an upstream regulator of the Hippo pathway. Yap, which is the main effector of this 
pathway, is a transcriptional cofactor that promotes cellular growth by activating proliferative genes and repressing pro-apoptotic genes. Its activity is 
negatively regulated by the Hippo pathway under the control of cell density. In our lab, we have previously shown in a proteomic analysis of human 
schwannomas that Yap expression is strongly correlated to the proliferation of the tumor cells. However, how Merlin regulates Yap activity in Schwann 
cells remains unknown. 

The conventional view is that Merlin is activated by cell to cell contact and then participates in the activation of the Hippo pathway and the inhibition of Yap 
activity. When Nf2 is inactivated in mouse Schwann cells we observe an up regulation of Yap activity. Surprisingly, this increase is already observed in the 
absence of cell to cell contact and appears to be mostly independent from a down-regulation of the canonical Hippo pathway. Indeed, we could observe 
that, even in the absence of Merlin expression, Lats activity is still strongly regulated by cell contact. Using co-precipitation, we find a direct interaction 
between Merlin and Yap suggesting that Merlin may inhibit Yap activity by sequestration into the cytosol. We also observe that this interaction could occur 
both in the cytosol and in the nucleus. These observations strongly suggest that, in the nucleus, Merlin could directly interfere with Yap transactivation 
activity, representing a new mechanism of regulation of proliferation by Merlin. Finally, the inhibition of Yap expression in Nf2 deficient Schwann cells 
reduces the proliferation suggesting that indeed, Yap may represent a valuable therapeutic target in this cell type.

In conclusion, our study shows that merlin tightly regulates Yap activity via new and unexpected mechanisms, largely independent on cell to cell contact.
 
Full List of Authors: Alizée Boin PhD student, Curie Institute Paris; Vinay Mandati, PhD student, Curie Institute Paris; Daniel Louvard , Pr. , Director, Curie Institute Paris; 
Dominique Lallemand, PhD, Curie Institute Paris. 
 
Grant agency: La ligue Nationale Contre le Cancer , Institut National du cancer , Association pour la recherche contre le Cancer, Institut Curie, CNRS.
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Initial results of the phase 2 study of bevacizumab in children 
and adults with neurofibromatosis type 2 and symptomatic 
vestibular schwannomas

Jaishri Blakeley, MD 
Johns Hopkins University

Background: Bilateral vestibular schwannomas (VS) are the hallmark of neurofibromatosis type 2 (NF2). VS commonly cause sensorineural hearing loss 
resulting in deafness.  The initial experience treating 31 patients with symptomatic NF2 associated VS with bevacizumab (BEV) showed 57% of evaluable 
patients had a hearing response.  We prospectively investigated the effect of BEV 7.5mg/kg I.V. every 3 weeks on hearing in patients with progressive 
hearing loss due to NF2-associated VS.  

Experimental design: Patients with NF2, aged >12 years, with ECOG performance status 0-1, VS >1.5cm, normal laboratory studies and documented 
tumor-related hearing loss within 24 months were enrolled at Johns Hopkins University, Massachusetts General Hospital and the National Cancer Institute 
Pediatric Oncology Branch.  Patient were given BEV 7.5mg/kg IV every 3wk for 1 year.  At 1 year, BEV was discontinued and an additional two evaluations 
were performed to assess durability of effect.  Hearing assessment was done at baseline, 13, 25, 49, 60 and 72 weeks.  Adverse event (AE) evaluations 
were performed every 3 weeks.  The primary endpoint was hearing response defined as a statistically significant increase in word recognition score 
(WRS) compared with baseline, with 14 patients yielding >90% power to detect a target response rate of 50%.  Advanced 3D brain MRI for volumetric 
(>20% reduction defined as radiographic response) and functional assessment, whole body MRI, quality of life (QOL) assessments and plasma 
biomarkers were also performed.

Results: Fourteen patients, 10 female, median age 30 (range 14-79 yrs) were enrolled between 11/2010-8/2011.  The median baseline WRS in the 
target ear was 53% (range 13-82%).  The target ear was the only hearing ear in 9 patients (64%).  There were 86 AEs attributed as > possibly related 
to drug: 67 grade 1, 17 grade 2, and 2 grade 3 events (hypertension and idiopathic thrombocytopenia purpura, ITP).  All patients were evaluable and 
16/18 completed the 16 prescribed doses of BEV.  No patients had progressive hearing loss while on BEV.  5/14 (36%; 95% CI13-65%) patients had 
statistically significant improvement in WRS maintained for 3 continuous months.  Response was seen by 3 months in 4/5 responders.  An additional 
2/14 patients had statistically significant improvement in WRS that was not confirmed at 3 month follow-up.  In the 5 patients with confirmed response, 
the average WRS was 57% at baseline and 85% at 6 months.  Improvement in WRS was maintained at 3 and 6 months off BEV across all patients, 
although responders had a reduction in the mean WRS off BEV (84.6 to 76.5%).  Tumor volume reduced by >20% in 6/14 patients (43%). 4/5 patients 
with hearing response also had >20% reduction in tumor volume.  3 patients had >20% volumetric reduction without confirmed hearing response. 6/14 
patients had volumetric tumor progression by 6mo off BEV.  

Conclusions: BEV was well tolerated in patients aged 14-79 with progressive NF2-related VS.  Durable hearing improvement was seen in 36% of patients 
and tumor volume reduction was seen in 43% of patients.  These prospective data confirm that BEV can reverse hearing loss due to NF2-associated VS in 
select patients, independent of tumor volume.  Advanced brain imaging, whole body MRI response, QOL and serum biomarker data is in active analysis.       

 
Full List of Authors: Brigitte Widemann, MD, Pediatric Oncology Branch, NCI; Xiaobu Ye, MD PhD, Johns Hopkins University; Amanda Bergner, MS CGC, Johns Hopkins 

University; Chris Halpin, PhD; Massachusetts General Hospital; Laura Fayad, MD, Johns Hopkins University; Krista Folmer, AuD, F-AAA, Johns Hopkins University; 

Christopher Zalewski MA, NIH, NIDCD; Latoya Stewart, BA, Johns Hopkins University; Michael Jacobs, PhD, Johns Hopkins University; Scott R. Plotkin, MD, PhD, 

Massachusetts General Hospital 
 

Selective regression of schwannomas using AAV1-mediated 
apoptosiss

Xandra O. Breakefield, PhD 
MGH/Harvard Medical School

We have developed two mouse orthotopic models to evaluate gene therapy for schwannomas. Human immortalized or mouse spontaneous 
schwannomas are implanted in the sciatic nerve of immune compromised or syngeneic mice, respectively. Tumor cells express luciferase allowing in 
vivo bioluminescence imaging of tumor volume. An adeno-associated vector 1 (AAV1) encoding caspase-1 (ICE, IL1-converting enzyme) under the P0 
promoter is injected directly into the tumors.  Single injections lead to tumor regression and relief of associated pain. Caspase-1 induces programmed cell 
death (apoptosis) and includes an immune component which selectively targets both infected and non-infected tumor cells with no toxicity to the nerve 
fiber. This AAV1-P0-ICE induced bystander killing of tumor cells has the potential to generate new therapeutics for the neurofibromatoses, as well as other 
benign neoplasms and may generate a vaccination effect to control the growth of subsequent schwannomas.
 
Full List of Authors: Xandra O. Breakefield, PhD, MGH/Harvard Medical School, Giulia Fulci, and Gary J. Brenner 
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Fractional Anisotropy of the Optic Radiations is Associated  
with Visual Acuity Loss in Optic Pathway Gliomas of  
Neurofibromatosis Type 1
SESSION 5A: June 9  |  6:00 PM – 6:15 PM

Peter M.K. de Blank, MD, MSCE 
Rainbow Babies & Children’s Hospital, University 
Hospitals, Case Western Reserve University

Soft-tissue sarcomas are a heterogeneous group of tumors arising from connective tissue.  Recently, mutations in the neurofibromin 1 (NF1) tumor 
suppressor gene were identified in multiple subtypes of human soft-tissue sarcomas.  To study the effect of NF1 inactivation in the initiation and 
progression of distinct sarcoma subtypes, we have developed a novel mouse model of temporally and spatially restricted NF1-deleted sarcoma. 
To generate primary sarcomas, we inject adenovirus containing Cre recombinase into NF1flox/flox; Ink4a/Arf flox/flox mice at two distinct orthotopic 
sites: intramuscularly or in the sciatic nerve.  The mice develop either high-grade myogenic sarcomas or MPNST-like tumors, respectively.  These 
tumors reflect the histological properties and spectrum of sarcomas found in patients. To explore the utility of this model for preclinical studies, we 
performed a study of MAPK pathway inhibition with the MEK inhibitor PD325901.  Treatment with PD325901 delays growth of primary 
NF1-deleted myogenic sarcomas in this model.  We also examined the effects of MEK inhibition on the native tumor stroma and find that PD325901 
decreases microvessel density.  Taken together, our results utilize a primary tumor model to demonstrate that sarcomas can be generated by loss of 
NF1 and Ink4a/Arf, and that these tumors are sensitive to MEK inhibition.  These studies suggest that MEK inhibitors should be further explored as 
potential therapies in patients with myogenic sarcomas containing NF1 deletion.

Full List Authors: Rebecca D. Dodd a, Jeffrey K. Mito b, Will Eward c, Rhea Chitalia a, Yan Ma a, Leslie Dodd d, & David G. Kirsch a,b

a Department of Radiation Oncology, b Department Pharmacology and Cancer Biology, 
c Department of Orthopaedic Surgery,  d Department of Pathology, Duke University Medical Center, Durham, North Carolina 27710, USA

NF1 deletion generates multiple subtypes of soft-tissue sar-
coma that respond to MEK inhibition
SESSION 5B: June 9  |  5:15 PM – 5:30 PM

Rebecca Dodd, PhD
Duke University Medical Center

Background: No more than half of patients with neurofibromatosis type 1 (NF1) associated optic pathway gliomas (OPGs) develop vision loss. 
Prospectively identifying those that will require therapy remains challenging, as no reliable factors have yet been identified that predict future vision 
loss.  To determine whether brain tissue microstructure is associated with visual acuity loss, we examined diffusion tensor imaging (DTI) and 
ophthalmologic evaluations in children with NF1-associated OPG.

Method: We retrospectively reviewed ophthalmology records and concurrent DTI measurements of the optic nerves, tracts and radiations from 
50 children with NF1-associated OPGs.  Multivariate linear regression measured the association between fiber trajectory quantity and white matter 
integrity on visual acuity measured by the logarithm of the minimal angle of resolution (logMAR).
 
Results: In multivariate analysis, fractional anisotropy (FA) of the optic radiations was associated with visual acuity loss (adjusted coefficient=-
6.081LogMAR/FA, p=0.006) after adjusting for age, extent of tumor, DTI acquisition type, prior chemotherapy and fundus exam findings.  The 
association remained after eliminating tumors involving the optic radiations.  In an evaluation of 15 subjects with paired ophthalmologic exam and DTI 
a year apart, initial FA of the optic radiation was associated with a trend toward change in visual acuity a year later (coefficient=-2.652LogMAR/FA, 
p=0.069).
 
Conclusions: A decrease in FA of the optic radiations is associated with abnormal visual acuity in NF1-associated OPGs and may be predictive of 
visual acuity loss in the following year.
 
Full List of Authors: Jeffrey I. Berman, PhD, Children’s Hospital of Philadelphia; Grant T. Liu, MD, Children’s Hospital of Philadelphia; Timothy P.L. Roberts, PhD, Children’s 
Hospital of Philadelphia; Michael J. Fisher, Children’s Hospital of Philadelphia. 
 
Funding: This research was supported by a National Institutes of Health/National Cancer Institute K12 award (5K12 CA076917-15).
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Can the diagnosis of NF1 be excluded clinically? A lack of 
pigmentary findings in families with spinal neurofibromatosis 
demonstrates a limitation of clinical diagnosis
SESSION 3B: June 9  |  9:45 AM – 10:00 AM

D Gareth R Evans, MD 
University of Manchester, UK

Background: Consensus clinical diagnostic criteria for neurofibromatosis type I (NF1) include café-au-lait macules and skinfold freckling. The former 
are frequently the earliest manifestation of NF1, and as such are of particular significance when assessing young children at risk of the condition. 
A phenotype of predominantly spinal neurofibromatosis has been identified in a small minority of families with NF1, often in association with a 
relative or absolute lack of cutaneous manifestations. This creates potential significant diagnostic overlap with schwannomatosis and mosaic NF2. 
An association with NF1 splicing and missense mutations has previously been reported for spinal neurofibromatosis, but on the basis of molecular 
results in only a few families.

Method: Patients with spinal NF1 were identified through the Manchester nationally commissioned service for complex NF1. 
 
Results: Five families with spinal NF1 were identified, with a broad spectrum of NF1 mutations, providing further evidence that this phenotype may 
arise in association with any genre of mutation in this gene. Pigmentary manifestations were absent or very mild in affected individuals. Several 
further affected individuals, some with extensive spinal root tumours, were ascertained when additional family members were assessed.
 
Conclusions: Clinical NF1 consensus criteria cannot be used to exclude the diagnosis of spinal NF1, especially in childhood, emphasising the 
importance of molecular confirmation in such families. Testing of both NF1 and SMARCB1 as well as tumour biopsy may be necessary to distinguish 
between the three conditions.
 
Full List of Authors: Emma MM Burkitt Wright1,2, Emma Sach2, Saba Sharif3, Oliver Quarrell4, Thomas Carroll5, Richard W Whitehouse6, Meena Upadhyaya7, Susan M 
Huson1,2, D Gareth R Evans1,2*
1Genetic Medicine Research Group, Institute of Human Development, Faculty of Medical and Human Sciences, University of Manchester, Manchester, UK
2 Genetic Medicine, St Mary’s Hospital, Central Manchester University Hospitals NHS Foundation Trust, Manchester Academic Health Science Centre, Manchester, UK
3 West Midlands Regional Genetics Service, Birmingham Women’s Hospital, Birmingham, UK
4 Sheffield Clinical Genetics Service, Sheffield Children’s Hospital, Sheffield, UK
5 Neurosurgery, Royal Hallamshire Hospital, Glossop Road, Sheffield, UK 
6 Department of Radiology, Manchester Royal Infirmary, Central Manchester University Hospitals NHS Foundation Trust, Manchester Academic Health Science Centre, 
Manchester, UK
7 Medical Genetics. Cardiff University School of Medicine, Institute of Medical Genetics Building, Heath Park, Cardiff, UK 

Update on High-Throughput Screening Campaign for NF2 Cristina Fernandez-Valle 
University of Central Florida

A phenotype based unbiased chemical genetics approach enables identification of targets and compounds with potential for therapy development as 
well as for use as probes to uncover novel pathogenic mechanisms associated with a disorder. We conducted an unbiased high-throughput chemical 
genetic screen of a compound library to identify compounds that altered the phenotype of merlin-null (Nf2ex2-/-) mouse Schwann cells.  The library 
screened was Sigma’s Library of Pharmaceutically Active Compounds (LOPAC) which contains 1280 compounds with known targets, many of 
which are FDA approved for various conditions.  The phenotypic assay conducted assessed cell viability as a measure of protease activity in live cells 
in response to a 24 hour treatment with the compounds (10uM).  Forty of the 1280 compounds were considered “hits” based on induction of a 50% 
and greater loss of cell viability.  Twenty of the 40 “hits” were selected for follow-up based on target specificity and potential therapeutic value. Six 
additional compound family members with higher specificity and/or affinity, and one compound under investigation in the lab were also evaluated. 
The compounds were tested at 10uM in 8 replicates in a 384-well format using the live cell protease assay (CellTiter-Fluor) and the orthogonal 
ATP-based assay (CellTiter-GLO) (both from Promega). We tested the compounds on two Merlin-null Schwann cell lines, L1, (used in the LOPAC 
screen) at passages ranging from 13-23 and an independently-derived line, L2, tested at passage 20 and 21. The selectivity assay was conducted 
using normal Nf2flox2/flox2 Schwann cells at passage 2. Results demonstrate that: 1) 13 of the 20 LOPAC hits tested were confirmed with both the 
primary and orthogonal assays (>50% loss of merlin-null Schwann cell viability compared to DMSO control), 2) two of these compounds were also 
highly selective for merlin-null Schwann cells (<25% loss of viability of normal Schwann cells compared to DMSO control), 3), the results were 
consistently obtained using two independently derived cell lines at various passages (up to P25 was tested). These results demonstrate our ability 
to use this approach to identify compounds that selectively reduce the viability of merlin-null Schwann cells. Follow-up experiments are underway to 
validate one of the targets for NF2 and to test efficacy of one compound in mouse models.
 
Full List of Authors: Alejandra Petrilli1, Michelle Posadas, Siobhan Maloney2, Layton H. Smith2, Cristina Fernandez-Valle1.  1Burnett School of Biomedical Science, College 

of Medicine, University of Central Florida, 2Conrad Prebys Center for Chemical Genomics, Sanford-Burnham Medical Research Institute.



24  |  Children’s Tumor Foundation  ·  Ending Neurofibromatosis Through Research

Volumetric Analysis of Vestibular Schwannomas
Vestibular Schwannoma: June 8  |  10:00 AM – 10:25 AM

Gordon Harris, PhD
Massachusetts General Hospital

Background:  Assessment of genotype, clinician and patient rated severity is essential to determine treatment efficacy in NF2.  We developed the 
NFTI-QOL (NF2 impact on quality of life) a reliable, validated disease focused patient questionnaire to use as a clinical assessment tool and outcome 
measure. It comprises eight questions, with a maximum score of 24 reflecting the greatest impact on quality of life.  NIFTI-QOL covers the domains 
of balance and dizziness, hearing, facial nerve weakness, sight, mobility and walking, role and outlook on life, pain, anxiety and depression.

Aims:  We evaluated NFTI-QOL as an assessment tool and potential outcome measure for therapeutic intervention in the English national NF2 
services. Patient reported experience using the NFTI-QOL was related to clinician rated and genetic severity over repeated visits.

Methods:  Data were evaluated for 288 NF2 patients (n=464 visits) attending the national NF2 clinics in England (London, Oxford, Plymouth, 
Cambridge, Manchester) from 2010-2012.  The male to female ratio was equal and mean age was 42.2 (SD 17.8) years.  NFTI-QOL 8 item 
questionnaire and total score; clinician rated severity (ClinSev) graded mild, moderate, severe; genetic severity as rank order of number of NF2 
mutations (GenSev= mild, moderate, severe), were analysed.

Results: The mean (SD) 8.7 (5.4) score for NFTI-QOL for either first visit or all visits 9.2 (5.4) was similar to the published norm of 9.4 (5.5), with 
no significant relationships with age or gender. The internal reliability of NFTI-QOL was very good with Cronbach’s Alpha 0.85 and re-test reliability 
r=0.84.  NFTI related to Clinsev (r=.41 p<.001; r=.46 for all visits), but only related weakly with Gensev (r=.16  p<.05 ;  r=.15 for all visits).  
Clinsev in turn related to Gensev (r=.41  p<.001 ; r=.42 for all visits).  Examination of longitudinal changes indicated that any NFTI score change up 
or down of greater than 5 would be significant for an individual.  

Conclusions:  NFTI-QOL is quick and easy to administer, showing good reliability and ability to detect significant changes over time in QOL of 
individual patients.  The moderate relationships of NFTI-QOL with clinician rated severity and with genetic rated severity support the premise that 
NFTI-QOL taps into NF2 patient experiences that are not covered by clinician or genetic rated severity.

Full List of Authors: Adam Shaw, MD1, Gareth Evans, MD2, Dorothy Halliday, MD3, Allyson Parry, MD3, Lucy Raymond, MD4, Juliette Durie-Gair, RN,BA4, Oliver 
Hanemann, MD5,  Rachel Hornigold, MD1,  John Golding, PhD6. Neurofibromatosis Services at 1Guy’s and St. Thomas’ NHS Foundation Trust, 2Central Manchester 
University Hospitals Foundation Trust, 3Oxford Radcliffe Hospitals NHS Trust, 4Addenbrooke’s Hospital Cambridge University Hospitals NHS Foundation Trust, 5Plymouth 
University Peninsula Schools of Medicine and Dentistry, and 6Department of Psychology, University of Westminster.

Reference: : Hornigold RE, Golding JF, Leschziner G, et al. The NFTI-QOL: a disease specific quality of life questionnaire for neurofibromatosis 2. J Neurol Surg B 
2012;73:104-111. 

A multi-centre, longitudinal study of Quality of Life (QOL)  
in 288 NF2 patients using the NF2 Impact on Quality Of Life 
(NFTI-QOL) questionnaire   
SESSION 5A: June 9  |  4:45 PM – 5:00 PM

Rosalie E Ferner, MD 
Neurofibromatosis centre Guy’s and St. Thomas’ NHS 
Foundation Trust London UK

Vestibular schwannomas (VS) are a hallmark feature of neurofibromatosis, type 2 (NF2).  In assessment of lesion size and lesion growth, volumetric 
measurement of these irregularly shaped lesions is more sensitive to assessing lesion growth than traditional one-dimensional longest diameter 
measurements.  However, manual measurements of lesion volumes can be time-consuming and prone to measurement error, whereas not all sites 
have the technology and/or expertise available for performing semi-automated volumetric analyses.  This presentation will discuss the following 
points:  
     - benefits of volumetric measurement over linear measurement
     - recommended scan acquisition parameters for volumetric assessment of VS
     - software availability for semi-automated segmentation for VS volumetric analysis
     - centralized service for VS volumetric analysis and longitudinal change tracking
Following this presentation, attendees should have an understanding of the benefits of tumor volumetric analysis of VS in patients with NF2 (as well 
as VS in sporadic unilateral cases), how to order magnetic resonance (MR) scans appropriate for volumetric assessment in NF2, and options for 
computing semi-automated volumetric analyses of VS, either in-house or through an outsourced VS volumetrics and longitudinal tracking service 
(www.nftumormetrics.org). 
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Autism Spectrum Disorder within Neurofibromatosis Type 1:  
a two-phase whole-population study showing high prevalence
SESSION 5A: June 9  |  6:00 PM – 6:15 PM

Susan Huson, MBChB,  
MD (distinction), FRCP
Central Manchester Foundation Hospitals NHS 
Foundation Trust

Objective: To determine the prevalence of ASD in NF1 using representative sampling and rigorous phenotypic ascertainment. 

Design: Two-phase population-based epidemiological study using the North West England regional NF1 register.

Participants: All registry cases aged between 4-16 years (n=207) had been invited into an initial screening phase and the 109 responders (52.7%) 
grouped based on standardised scores on the parent-rated Social Responsiveness Scale (SRS); significant ASD (SRS>=76; n=32); borderline to 
moderate ASD (SRS >=60<76; n=29); non-ASD (SRS<60, n=48). Cases were then invited from each group by random selection for the detailed 
confirmatory ascertainment reported here: 23 cases were seen out of 31 invited from the high score group, 16 out of 21 from the moderate score 
group, and 8 out of 15 from the low risk group.  

Methods: Assessments on Autism Diagnostic Interview-Revised (ADI-R), Autism Diagnostic Observation Scale-generic (ADOS-G) and verbal IQ 
component of the Wechslers Abbreviated Scale of Intelligence (WASI) were combined into an ASD categorisation for each case (‘ASD’, ‘Broad 
ASD’ with partial features, ‘no ASD’) using the Collaborative Programme for Excellence in Autism (CPEA) criteria. From these results, a pre-planned 
weighted analysis was used to derive the prevalence estimate for the whole population.

Results: Of the 47 cases assessed, 14 (29.5%) met criteria for ASD, 13 (27.7%) for ‘broad ASD’ and 20 (42.5%) for non-ASD. Taken together, the 
ASD/Broad ASD group showed male predominance (M:F 1.7:1), but did not differ significantly from the non-ASD group in terms of IQ, age, SES, 
inheritance, physical severity or having an educational statement. The population prevalence rates derived from these results are; 24.9% ASD (95%CI 
13.1%, 42.1%) and 20.8% Broad ASD (95%CI: 10.0%, 38.1%). 

Conclusions: This first population-based estimate of ASD prevalence in NF1 is important in establishing the significant population rate in the disorder. 
It will provide the basis for further studies of autism in NF1, to fulfil its potential as a single gene model for the disorder.

Additional Authors: Shruti Garg, MBBS, MRCPsych, MSc; University of Manchester,  Kathy Leadbitter, PhD; University of Manchester, Richard Emsley, PhD; University 
of Manchester, Annukka Lehtonen, DPhil; University of Manchester, D Gareth Evans, MBBS, FRCP, MD, University of Manchester and Central Manchester Foundation 
Hospitals NHS Foundation Trust and Jonathan Green, MBBS, FRCpsych, DCH, University of Manchester and Central Manchester Foundation Hospitals NHS Foundation 
Trust. 

The study was funded by the Manchester Biomedical Research Centre through a Clinical Research Fellowship to SG. 

Thirty Years in the NF1 Clinic and Still Learning
Susan Huson, MBChB,  
MD (distinction), FRCP
Central Manchester Foundation Hospitals NHS 
Foundation Trust

My NF1 story started in October 1983 as a research fellow with Profs Peter Harper and Alastair Compston in Cardiff. My project was to see if NF1 
mapped to chromosome 19 as there were two families reported with co-segregation of myotonic dystrophy and NF1. A lod score of MINUS 22 told 
us we were on the wrong chromosome! It took a further two years and international collaboration to map the gene to chromosome 17, let alone clone 
it (a further three years) - what a comparison to today’s whole genome sequencing!

Alongside the gene mapping studies I did a population based clinical study of NF1 and this provided unbiased data re the frequency of the different 
complications etc. However, as it is cross sectional data it proved to underestimate longitudinal risk (e.g. risk in my study of MPNST 2% but lifetime 
risk 10-13%). At the time I used this to argue that NF1 patients can be safely monitored through clinical assessment and did not need investigations 
unless symptomatic. I still believe this is the case BUT have a much lower threshold for investigating as the years go by.

Since the English complex NF1 service was established in 2009 we have identified previously unreported areas of disease related morbidity. The most 
significant one, being the effect on bone of neurofibromatous tissue with significant erosion leading to fractures and spinal instability. Although there 
are risk factors for MPNSTs a significant number still develop in patients with none of these. 

In children the biggest challenge remains learning and behaviour and ensuring all children get appropriate assessments and treatment. The general 
musculoskeletal effects of NF1 have also been much underestimated as a cause of childhood morbidity.
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Everolimus for NF2-Related Vestibular Schwannomas: The 
Paris Experience 

Clinical Trial Updates: June 11  |  1:15 PM – 1:30 PM

Michel Kalamarides, MD, PhD
Hopital Pitie-Salpetriere, UPMC, Paris
Inserm U674, Institut Hematologie, Paris Diderot

We are conducting a prospective, open-label, phase II study to estimate the response rate to RAD001 in NF2 patients with growing vestibular 
schwannomas	(VS).	⎨NCT01490476⎨.	Ten	eligible	NF2	patients	were	enrolled.	RAD001	was	administered	for	one	year.	In	this	talk,	we	will	present	
preliminary results on tumor response after one year of everolimus treatment and the ongoing follow-up of these patients.

Introduction:  Activation of the mammalian target of rapamycin (mTOR) signaling pathway is thought to be a key driver of tumor growth in Merlin 
(NF2) deficient tumors. Everolimus is an oral mTORC1-only inhibitor with anti-tumor activity in a variety of cancers. We conducted a single institution, 
prospective, open-label, two-stage phase II study to estimate the response rate to everolimus in neurofibromatosis type 2 (NF2) patients with 
progressive vestibular schwannomas (VS).

Methods:  Ten eligible patients were enrolled. Everolimus was administered at a daily dose of 10 mg (adults) or 5 mg/m2/day (children <18 years) 
PO in continuous 28-day cycles, for up to 12 cycles. Response was assessed every 3 months with MRI using 3-D volumetric tumor analysis, 
apparent diffusion coefficient (ADC) mapping and audiograms. Nine patients were evaluable for the primary endpoint (one patient came off study 
after	3	weeks	for	personal	reasons),	defined	as	a	≥15%	decrease	in	VS	volume.	Hearing	response,	defined	as	statistically	significant	increase	in	
word recognition scores, was evaluable as a secondary endpoint in eight hearing patients. 

Results: Three patients came off trial due to tumor progression after 3, 6 and 9 cycles, respectively. Three other patients discontinued treatment after 
3, 6 and 6 cycles, respectively, due to lack of response. Two patients completed 12 cycles, at which time one met criteria for hearing progression and 
the other had stable tumor volume and hearing. One patient came off study after 3 cycles due to toxicity, i.e. pneumonia and decreased pulmonary 
function. All other observed toxicities were minor and expected. No objective imaging or hearing responses were observed on stage 1 and the study 
was closed according to predefined stopping rules.  

Conclusions:  Everolimus is ineffective for the treatment of progressive VS. We are currently conducting a pharmacokinetic/pharmacodynamic 
(“Phase 0”) study of everolimus including pre-surgical VS patients to elucidate the biological basis for apparent treatment resistance to mTORC1 
inhibition in these tumors.

Full List of Authors: Matthias A. Karajannis, MD, MS; Geneviève Legault, MD; Mari Hagiwara, MD; Emilio Vega, BS, RT;  Amanda Merkelson, MPH; Jeffrey H. Wisoff, 
MD; John Golfinos, MD; J. Thomas Roland, MD; Jeffrey C. Allen, MD; NYU Langone Medical Center, New York, NY.

Supported by CTF and Novartis, Inc.

Phase II Study of Everolimus in Children and Adults with  
Neurofibromatosis Type 2 and Progressive Vestibular  
Schwannomas
SESSION 5A: June 9  |  5:00 PM – 5:15 PM

Matthias A. Karajannis, MD, MS 
NYU Langone Medical Center, New York, NY

Update on Mouse Models of Meningioma 
SESSION 3A: June 9  |  9:55 AM – 10:20 AM

Michel Kalamarides, MD, PhD
Hopital Pitie-Salpetriere, UPMC, Paris
Inserm U674, Institut Hematologie, Paris Diderot

Meningiomas, although mostly benign, may sometimes present aggressive features and raise issues concerning alternative treatment options 
besides surgery, especially in aggressive variants of meningiomas (WHO grade II and III). In order to gain new insights in meningioma biology and 
develop alternative treatments, some genetically engineered model utilizing conditional mutagenesis to specifically inactivate the mouse Nf2 gene in 
arachnoidal cells meningioma mouse models have been engineered by our team during the past decade. In this presentation, we will review these 
models recapitulating molecular and pathological features of human meningiomas. We will then present ongoing experiments with new mouse 
models showing an important role of PDGF-β in meningiomagenesis initiation and malignant progression associated with Nf2 inactivation.

Finally, we will update knowledge on meningioma genetic.Two recent papers showed that recurrent mutations in SMO and AKT1 are mutually 
exclusive with NF2 loss in meningioma initiation. We will show our current strategy to reproduce these genetic events in mice.
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The Roles of Merlin and Angiomotin in Hippo-Yap S
SESSION 2: June 8  |  5:45 PM – 6:10 PM

Joseph Kissil, PhD
The Scripps Research Institute

Neurofibromatosis type 2 is an inherited disorder, characterized by development of Schwann cell tumors of the eighth cranial nerve. Mutations and 
loss of heterozygosity of the NF2 locus have been detected at high frequency in various tumors of the nervous system, including schwannomas, 
meningiomas and ependymomas. Recent work has shed some light on the functions of merlin – the product of the NF2 gene. A large body of 
evidence implicates Merlin as a regulator of mitogenic signaling pathways at the cell membrane. As cells reach confluence, Merlin is recruited to cell 
junctions, where it is thought to coordinate the establishment of intercellular contacts with concomitant inhibition of growth factor signaling through 
the small G-proteins and the Hippo/YAP pathway. Employing affinity purification, we have identified the Angiomotins, proteins associated with tight- 
and adherens-junctions, as merlin interacting proteins. The role of the Angiomotins in coordinating merlin’s regulation of Ras/Rac and Hippo/Yap 
signaling and implications for NF2 will be discussed. 

Germline and somatic genetics of Tuberous Sclerosis Complex
KEYNOTE 2: June 9  |  8:30 AM – 9:30 AM

David Kwiatkowski, MD, PhD
Brigham and Women’s Hospital, Harvard Medical 
School, Boston

It is well-known that TSC1 and TSC2 are the two genes which cause Tuberous Sclerosis Complex (TSC).  There are a wide variety of types of inactivating 
mutations which occur in each gene, and these will be reviewed in this presentation.  We are interested in both the germline and somatic genetics of this 
disorder, and I will cover several topics in this presentation.  All of these studies were enabled by development of a robust method of next gen sequencing 
(NGS) and computational analysis by which mosaic mutations in TSC1/TSC can be identified at allele frequencies as low as 1%. Whole exome and whole 
genome analysis was also performed on some samples.

We have been studying TSC subjects in which there is no mutation identified (NMI) by conventional means, which accounts for about 15% of all TSC 
subjects undergoing conventional molecular diagnostic assessment. In an ongoing analysis of such TSC NMI subjects, we have recently found a high 
incidence of intronic and mosaic mutations in NMI TSC subjects, with an overall mutation detection rate of 52%.  We now suspect that there is no additional 
TSC3 locus, although that is not completed excluded.

Second, in collaboration with Tom Darling and Joel Moss, we have investigated a unique series of TSC patients with overall mild manifestations but 
including lymphangioleiomyomatosis (LAM).  Analysis of cultures of skin lesions from these patients by NGS yielded TSC1/TSC2 mutation identification in 
22 of 27 (81%) of cultures, and 10 of those 22 (45%) had two or three mutations in TSC1/TSC2. Mosaicism was very common in this set of patients, being 
identified in 7 of 17 patients. Second hit LOH was not seen in any culture, rather second hit point mutations were exclusively identified, and these reflected 
probable UV-induced DNA damage.

Third, in collaboration with Sergiusz Jozwiak, we have investigated a TSC patient with multiple renal carcinomas developing during her teenage years.  
Analysis of these tumors showed LOH in a single instance, and 4 different second hit mutations in 4 other tumors, suggesting an independent clonal origin 
for each cancer, through a ‘shower’ of second hit event mechanism.

Fourth, in collaboration with Sergiusz Jozwiak, we have investigated molecular events in the pathogenesis of TSC subependymal giant cell astrocytomas 
(SEGA).  We have found that second hit events involving TSC1/TSC2 occurred in all 4 SEGA studied, and that additional somatic mutational events were 
rare, based upon whole exome sequencing, with an average of 3 exonic mutations per SEGA studied. One SEGA had loss of chromosome 21, while another 
had gain of chromosome 5.

Finally, in collaboration with Lisa Henske, we have investigated somatic events occurring in the development of angiomyolipoma (AML) and LAM.  In the 
analysis of 7 samples of LAM/AML from 6 patients, we identified an average of 3.1 somatic exonic mutations, and no genomic deletions or translocations 
through analysis of whole genome data in 2 cases.
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A Pilot Study of Signaling in Human Schwannoma by  
Proteomic Approaches
SESSION 3A: June 9  |  11:35 AM – 12:00 PM

Dominique Lallemand, PhD
Institut Curie, France

Nf1 loss and HRas-G12V in Oligodendrocytes each induce  
NOS-driven Defects in Myelin and Vasculature 
SESSION 5B: June 9  |  4:45 PM – 5:00 PM

Debra A. Mayes, PhD
Experimental Hematology and Cancer Biology
Cincinnati Children’s Hospital Medical Center

The inactivation of the NF2 tumor suppressor gene is the major event that triggers the developement of schwannomas. In the recent years, important 
advances have been made to better understand the cellular functions of Merlin, the NF2 gene product and how it regulates cell proliferation and tumor 
growth. It now appears that merlin modulates the activity of a variety of signaling pathways, likely by coordinating the assembly and localization 
of multi-protein complexes, in different compartment of the cell. Notably Merlin has been shown to regulate signaling linked to the small GTPases 
Ras and Rac at the plasma membrane. It is also regulating the cell surface expression of a number of growth factor receptors by modulating their 
transport. And more recently, Merlin was shown to be a master regulator of the Hippo signaling pathway, controling the nuclear localization of its 
major effector, the co-transcription factor Yap. 

Using a combination of proteomic approaches, we have evaluated the expression, the activity and the link to tumor cell proliferation of several of 
the signaling pathways regulated by merlin in a large serie of human schwannoma biopsies. Our major findings were the following; i) Her3, Her2, 
PDGFRß and Axl are the most frequently activated receptors tyrosine kinases (RTKs) in schwannomas and could represent valuable therapeutic 
targets. ii) Using Reverse Phase Protein Array, we could show that the expression of the Ki67 proliferation marker is strongly associated to the levels 
of Yap, activated Her3 and PDGFRß. iii) The expression of PDGFß and Her3 is stimulated by Yap in schwannoma cells in culture suggesting that a 
small signaling network under the control of Yap is involved in tumor growth. iv) Finally we observed a strong variablity in the expression of all the 
proteins mentionned above when assessed by immunohistochemistry on tumor sections. This last result strongly suggests that individual response to 
targeted therapy is very likely to be heterogenous.

In conclusion, our results indicate that several RTKs (Her2, Her3, PDGFRß and Axl) could represent valuable therapeutic targets for schwannomas. 
They also suggest that the inhibition of Yap activity could also be beneficial once specific inhibitors are avalaible. However, the molecular 
heterogeneity of the tumors indicates that the response to such treatment will likely be variable from patient to patient.

Human brain imaging suggests that altered myelin contributes to the macrocephaly found in Neurofibrosis Type 1 (NF1) patients. We describe 
novel mouse models (PLP-CreERT; Nf1floxed and CNP-HRasG12V) in which Nf1/Ras alteration in oligodendrocytes causes white matter tract 
enlargement, increased reactive oxygen/nitrogen production, changes in connexin localization, myelin decompaction, and blood brain barrier leak/
claudin disruption. Extracellular NO has previously been shown to disrupt tight and gap junctions, and we found oligodendrocyte-specific NO and 
nitric oxide synthase (NOS1, 2, & 3) upregulation in white matter tracts. Importantly, all cellular phenotypes were reversed after 7 days of treatment 
with L-NAME (a specific NO inhibitor) in vivo, suggesting that NO plays a critical role in these cellular phenotypes. Moreover, in vivo treatment with 
the antioxidant N-Acetyl-cysteine was sufficient to rescue all cellular phenotypes in all mouse models. These cellular phenotypes have not previously 
been reported in NF1 and represent a new focus for disease study. Furthermore, hyperactivity is common in NF1 children. Because hyperactivity has 
been associated with gap junction changes in astrocytes, we performed behavior analysis in CNP-HRas mice. Antioxidant treatment was sufficient to 
rescue Ras-induced hyperactivity in these mice. These studies show that oligodendrocyte driven Nf1/Ras-induced changes in the brain are reversible. 
Diet change and/or antioxidant supplementation have recently been shown to be beneficial in heart disease and Alzheimer’s. Our study provides a 
mechanistic framework with which to understand these successes, and supports the idea that antioxidant therapy may be beneficial in Rasopathies.

Full List of Authors: 1Tilat A. Rizvi PhD, 1Haley Titus-Mitchell, 1Rachel Oberst, 2Georgianne M. Ciraolo MS, 3Charles V. Vorhees PhD, 1Jose A. Cancelas PhD, 4Andrew P. 
Robinson, 5Anat O. Stemmer-Rachamimov MD/PhD, and 1Nancy Ratner PhD. 

Divisions of 1Experimental Hematology and Cancer Biology, 2Pathology, and 3Neurology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH; 4Department of  
Microbiology-Immunology, Feinberg School of Medicine, Northwestern University, Chicago, IL; 5Department of Pathology, Massachusetts General Hospital and Harvard 
Medical School, Boston, MA. 

Supported by: NIH NRSA (T32CA117846) and the National Multiple Sclerosis Society (FG1762A1/1) supported D.A.M. The DAMD Program on Neurofibromatosis 
(W81XWH-06-1-0114 and W81XWH-10-1-0116 to N.R.) and a Drug Discovery Initiative Award from the Children’s Tumor Foundation supported this work. 
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Natural history of vestibular schwannoma growth and hearing 
decline in recently diagnosed neurofibromatosis type 2 patients
SESSION 5A: June 9  |  5:30 PM – 5:45 PM

Vanessa L. Merker, BS
Massachusetts General Hospital

Introduction: The Neurofibromatosis 2 (NF2) Natural History Consortium Study was an international, prospective study of patients recently diagnosed 
with NF2 that began in 1998.  Previous analyses from this study measured tumor size by greatest diameter and hearing status by pure tone average.  
However, the Response Evaluation in Neurofibromatosis and Schwannomatosis (REiNS) committee has recently recommended the use of 3D tumor 
volumes and word recognition scores (WRS) to measure tumor progression and hearing decline in future clinical trials enrolling patients with NF2.

Methods: We analyzed prospective data from all NF2 Natural History Consortium patients who completed at least 2 study visits.  We performed 
time-to-event analyses using the definitions of tumor progression and hearing decline proposed by REiNS: hearing decline (or improvement) was 
defined as a decline (increase) in word recognition score outside the 95% critical difference compared with baseline, and radiographic progression (or 
response)	was	defined	as	a	≥	20%	increase	(decrease)	in	tumor	volume	compared	with	baseline.

Results: In 120 subjects, 166 vestibular schwannomas were evaluable for volumetric progression and 76 hearing ears were evaluated with WRS.  
Subjects had a median age of 31 years (range, 6-75 years) and a mean length of follow up of 31 months (range, 2 to 77 months).  Median tumor 
volume at baseline was 0.47 ml.  The rate of radiographic progression was 36% at 1 year, 66% at 2 years, and 80% at 3 years with a median time to 
tumor growth of 14 months.  The rate of hearing decline was 7% at 1 year, 18% at 2 years, and 22% at 3 years, with a median time to hearing decline 
of	61	months.		Tumors	≥1	cc	had	a	shorter	median	time	to	hearing	loss	than	smaller	tumors	(38	months	vs.	median	not	reached,	log-rank	test,	
p<.001).  35% (13/37) of eligible ears experienced spontaneous hearing improvement; however this rate was lower in patients with baseline WRS 
<90% (3/19, 16%). Similarly, while 18% (32/179) of all vestibular schwannomas experienced spontaneous tumor regression, only 13% (7/54) of 
tumors	≥1ml	regressed	spontaneously.		

Conclusions: A significant proportion of recently diagnosed NF2 patients experience tumor progression and hearing decline within 3 years of follow-
up.  While some patients experience spontaneous tumor regression or hearing improvement without treatment, this rate is minimal in patients likely 
to require treatment (i.e. patients with larger tumors or hearing decline).  Knowledge of the natural history of untreated vestibular schwannomas can 
assist in planning and analyzing future clinical trials.

Full List of Authors: Scott Plotkin, MD, PhD; Vanessa Merker, BS; Alona Muzikansky, MA; and Fred Barker II, MD, of Massachusetts General Hospital;  and William 
Slattery of House Ear Institute.

Funding for this project was provided by the Department of Defense (DAMD17-98-1-8612 and 17-01-1-0710).

Glioblastoma can originate from differentiated cells in the CNS
SESSION 8: June 11  |  11:50 AM – 12:15 PM

Dinorah Friedmann-Morvinski, PhD 
Salk Institute for Biological Studies

Glioblastomas are the most common and lethal form of intracranial tumors. In the last century we have accumulated tremendous amounts of data 
on this type of cancer, but we have achieved very little improvement in its treatment. This inadequate progress led us to reexamine the gliomagenesis 
theory and reconsider the cell of origin of this deadly disease. We recently developed a mouse glioma model using Cre-inducible lentiviral vectors that 
faithfully recapitulate the pathophysiology of human glioblastoma multiforme (GBM). Injection of a single lentiviral vector expressing either shNF1-
shp53 or HRasV12-shp53 into the brain of SynapsinI-Cre mice (aiming to target neurons) led to tumor formation after 7 months or 6-8 weeks of 
injection, respectively. Tumors were also obtained when the virus was injected in the cortex of GFAP-Cre mice, suggesting that astrocytes can also 
serve as the glioma cell of origin. We made sections of these brains at various time points following injection of the lentiviral vector and, using high 
resolution large-scale mosaic imaging, we examined the expression of different markers. Notably, tumors start out to be GFAP+, but by eight weeks 
are largely Nestin+ and Sox2+. We believe that astrocytes and neurons can be reprogrammed by the introduction of oncogenes/tumor suppressors 
to form cancer stem-like cells that can give rise to all the cell lineages and heterogeneity observed in GBM. To further explore this hypothesis, we 
transduced primary cortical astrocytes and neurons obtained from GFAP-Cre and SynI-Cre mice, respectively. Only when both H-Ras and shp53 were 
in the viral vector were the cells able to reprogram and give rise to neurospheres, a property ascribed to neural stem cells.
Together, our results suggest that any cell in the brain, whether terminally differentiated or neural stem cell, can be the glioma cell of origin and the 
biological behavior of these tumors depends on the dysregulation of specific genetic elements.

Full List of Authors: Dinorah Friedmann-Morvinski1, Eric Bushong2, Eugene Ke1, Yasushi Soda1, Tomotoshi Marumoto3, Oded Singer1, Mark H. Ellisman2, Inder M. Verma1

1 Salk Institute for Biological Studies
2 NCMIR, University of California at San Diego
3 Kyushu University
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Background:  Multiple schwannomas are the hallmark of two tumor syndromes, neurofibromatosis type 2 (NF2) and schwannomatosis. Mutations 
in the tumor suppressor gene SMARCB1/INI1 and mosaic expression of its protein (INI1) have been detected in schwannomas associated with 
schwannomatosis. Previous studies report high rates of altered INI1 protein expression and low rates of SMARCB1 mutations in schwannomatosis-
associated schwannomas. Furthermore, altered INI1 expression has also been shown in the majority of NF2-associated schwannomas, but 
MARCB1/INI1 mutation status in these tumors is unknown.

Objectives:  1) to define the SMARCB1/INI1 mutation rate in the different clinical subtypes of schwannomas (syndromic and sporadic); 2) to 
correlate SMARCB1 genetic alterations with INI1 expression. 

Materials and Methods: SMARCB1 mutation analysis and immunohistochemical expression analysis were performed on 59 schwannomas from 
four clinical subgroups: sporadic schwannomatosis (18), familial schwannomatosis (10), NF2 (12) and solitary sporadic schwannomas (17 tumors). 
The 9 coding exons and the 3’UTR of SMARCB1/INI1 were amplified by PCR and submitted to direct Sanger sequencing for mutation detection. INI1 
immunostaining was performed using previously established protocols and patterns of expression were defined as retained (positive) and mosaic 
(mixture of positive and negative cells).  

Results:  SMARB1 mutations were detected only in tumors from schwannomatosis patients, with the highest rate in familial schwannomatosis 
(60%). Mosaic pattern of INI1 protein expression was seen in most NF2- associated tumors (67%), and schwannomatosis associated tumors 
(sporadic schwannomatosis 67%; familial schwannomatosis 90%). However, correlation of INI1 protein expression to SMARCB1 mutations shows 
that while most detected mutations also have mosaic INI1 expression, many of the cases with mosaic expression were not associated with detected 
mutations.

Conclusions:  1) Our study shows a discrepancy between high rate of altered (mosaic) INI1 expression in syndromic schwannomas (familial 
schwannomatosis, sporadic schwannomatosis and NF2) and low rate of mutations of the SMARCB1 gene. This suggests that other mechanisms 
may play a role (epigenetic events, loss of a protein that interacts with INI1) 2) Despite high rate of mosaic pattern of INI1 expression in NF2 tumors, 
SMARCB1 mutations were not present in any of the NF2 associated tumors. SMARCB1 mutation analysis in schwannomas may be helpful in cases 
in which clinical distinction between NF2 and schwannomatosis is difficult.

Full List of Authors: Alvaro P. Pinto, MD, PhD, Massachusetts General Hospital; James Kim, Massachusetts General Hospital; Stephen Yip, MD, PhD, Vancouver 
General Hospital; Scott R. Plotkin, MD, PhD, Massachusetts General Hospital; Anat O. Stemmer-Rachamimov, MD, Massachusetts General Hospital.

NIH/ NINDS grant # 207815.

Correlative study of SMARCB1/INI1 mutation analysis and INI1 
immunohistochemical expression patterns in syndromic and 
sporadic schwannomas 
SESSION 5A: June 9  |  4:45 PM – 5:00 PM

Alvaro P. Pinto, MD, PhD 
Massachusetts General Hospital/ Harvard Medical School

Preclinical Therapeutics for Plexiform Neurofibroma:  
Designing trials and identifying therapies
SESSION 8: June 11  |  10:20 AM – 10:45 AM

Nancy Ratner, PhD
Division of Experimental Hematology and Cancer Biology, 
Dept. Pediatrics, Cincinnati Children’s Hospital
Cincinnati, OH USA

Neurofibromatosis type 1 patients are predisposed to develop benign neurofibromas, and signaling pathways that drive formation of these peripheral 
nerve tumors are beginning to be elucidated. We developed a DhhCre;Nf1fl/fl mouse model of neurofibroma formation for use in preclinical testing. To 
identify potential neurofibroma signaling pathways, we have used the Sleeping Beauty Transposon system (in collaboration with David Largaespada), 
transcriptome analyses on mouse and human neurofibromas, and transcriptome analyses of mouse and human Schwann cells.  We have blocked 
specific signaling pathways with Phase I drug candidates in the neurofibroma mouse model, reading out neurofibroma growth by 7T MRI imaging, 
in conjuction with pharmacokinetic and pharmacodynamic readouts. The most effective neurofibroma therapy to date in this mouse model is MEK 
inhibition; we have established the minimum effective dose of the MEK inhibitor PD0325901 and established effects of early MEK inhibition on 
peripheral nerve tumor growth.  Other treatments, including STAT3 inhibition and c-KIT/c-fms inhibition, have revealed the potential of targeting 
immune macrophages in neurofibroma.     
 
Supported by R01-NS28840, P50-NS057531 and an award from the Children’s Tumor Foundation.
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GABA deficits in patients with NF1: physiological implications
SESSION 3B: June 9  |  11:30 AM – 11:45 AM

Maria J. Ribeiro, PhD
Visual Neuroscience Laboratory, IBILI, Faculty of 
Medicine, University of Coimbra, Portugal

Neurofibromatosis type 1 (NF1) is a multisystem neurodevelopmental disorder that affects the central nervous system. The NF1 cognitive profile 
includes impairments in visuospatial and motor skills, attention, memory, language and executive function. Studies in Nf1 mutant mice proposed 
enhanced GABAergic neurotransmission as the mechanism underlying the cognitive deficits associated with NF1. 

In this talk, I will present evidence suggesting that abnormal GABAergic neurotransmission is translated to the human disorder and, in patients, 
is related with deficits in brain function. To study the GABAergic system in human patients, we used magnetic resonance spectroscopy (MRS), a 
non-invasive technique that provides biochemical information of the living brain. We focused in two brain regions, the visual cortex and the medial 
frontal cortex, given that patients with NF1 show deficits in visual processing and executive function. With MRS, we measured the levels of GABA and 
glutamate/glutamine, and with functional magnetic resonance imaging (fMRI) and electroencephalography (EEG) studied brain function.

Our results indicated significantly reduced GABA levels in the two brain regions, in individuals with NF1, while no differences were observed in 
glutamate/glutamine levels, suggesting impaired inhibitory neurotransmission and preserved excitatory signalling. Importantly, significant correlations 
between GABA levels and the strength of brain activation suggested a close link between measured GABA and brain function. 

Reduced GABA levels could be the result of a compensatory mechanism due to enhanced GABA release at the synapse as proposed in the animal 
models. Indeed, in the medial frontal cortex, we observed a strong negative correlation between GABA levels and evoked neural activity only in the 
NF1 group suggesting that high GABA levels were more deleterious in patients than in controls. This dissociation of the relation between GABA levels 
and brain function in the two groups indicated that the regulatory mechanisms of GABAergic neurotransmission in the patients are dysfunctional. 

Additional Authors: Inês R. Violante, PhD, University of Coimbra;  Miguel Castelo-Branco MD, PhD, University of Coimbra

Funding references: Compete - PTDC/SAU-ORG/118380/2010.

Intramyocellular lipid accumulation and neonatal lethality in  
a muscle-specific knockout of NF1 
SESSION 4B: June 9  |  12:30 PM – 2:00 PM

Aaron Schindeler, PhD
Kids Research Institute at the Children’s Hospital  
at Westmead, Australia

There is emerging evidence for reduced muscle mass and/or muscle weakness in children with Neurofibromatosis type 1 (NF1). We aimed to use 
advanced conditional mouse models to explore the function and underlying mechanism of action of NF1 in muscle. 

Prior analyses of the Nf1+/- line revealed no differences in in overall weight, lean tissue mass, fiber size, or grip strength. To further examine the 
functional role of NF1 in muscle, a MyoD-cre transgene was introduced to the Nf1flox/flox strain to generate Nf1muscle

-/- mice. These mice showed a failure 
to thrive and neonatal lethality. No differences in fiber size relative to fiber type proportions were observed, but electron microscopy indicated an 
increase in intramyocellular lipid accumulations that was confirmed by Oil Red O staining. To further examine NF1 function in more mature muscle, 
we utilized samples collected from limb-specific Nf1Prx1

-/- conditional knockout mice (Prx1-cre × Nf1flox/flox). These mice also showed increased 
intracellular lipid, which represented a 10-fold increase in muscle triglyceride content. Mitochondrial enzyme analysis showed a significant increase 
in the activity of SDH, BHAD, and MCAD in the Nf1Prx1

-/ mice, as well as an increase in Fatty Acid Synthase (FAS) enzyme levels by western blot. The 
data presented in this study support the hypothesis that NF1 is essential for normal muscle function. Furthermore, these data are the first to suggest a 
direct link between NF1 and mitochondrial fatty acid metabolism.

Full List of Authors: Kate Sullivan, PhD1†, Jad El-Hoss, PhD1,2†, Kate Quinlan, PhD2,3, Nikita Deo, BMedSci(Hons)1,2, Fleur Garton, BSc(Hons)2,3, Jane Seto, PhD2,3, 
Gdalevitch M MBBS1, Mateusz Kolanczyk, PhD4, Kathryn N North, MD2,3, David G Little, MBBS, FRACS(Orth), PhD1,2 and Aaron Schindeler, PhD1,2§

1Orthopaedic Research & Biotechnology Unit, The Children’s Hospital at Westmead, Sydney, Australia
2 Discipline of Paediatrics and Child Health, Faculty of Medicine, University of Sydney, Sydney, Australia
3 Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead, Sydney, Australia
4 FG Development & Disease, Max Planck Institute for Molecular Genetics, Berlin, Germany
§ Presenting author
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SMARCE1 mutations cause inherited multiple spinal 
meningiomas
SESSION 7: June 10  |  5:00 PM – 5:20 PM

Miriam J. Smith, PhD
St Mary’s Hospital, University of Manchester, UK

Meningiomas account for one third of all primary central nervous system tumours in adults. They are normally sporadic and when they occur at 
multiple sites they are normally associated with neurofibromatosis type 2 (NF2) disease. Meningiomas have also recently been found, less frequently, 
as part of the schwannomatosis phenotype. In a subset of individuals, multiple meningioma disease is a discrete entity, inherited in an autosomal 
dominant manner without NF2 or SMARCB1 mutations. We sought to discover novel genes associated with meningioma development by sequencing 
the exomes of three unrelated individuals with familial multiple spinal meningiomas without germline NF2 or SMARCB1 mutations.

We identified two individuals with heterozygous novel loss of function mutations in the SWI/SNF chromatin remodelling complex subunit, SMARCB1. 
Sanger sequencing of SMARCB1 in six additional individuals with spinal meningiomas identified two further novel heterozygous loss-of-function 
mutations. Tumours from individuals with SMARCB1 mutations were of clear cell histological subtype and all demonstrated loss of SMARCB1 protein 
consistent with a tumour suppressor mechanism.

Our findings define multiple spinal meningioma disease as a novel discrete entity and establish the key role of the SWI/SNF complex in the 
pathogenesis of meningiomas and tumours with clear cell histology. This information is useful for distinguishing between overlapping clinical 
phenotypes.

Full List of Authors: Miriam J. Smith, James O’Sullivan, Sanjeev S Bhaskar, Kristen D Hadfield, William G. Newman, D. Gareth Evans (all at St Mary’s Hospital, 
University of Manchester, UK), Gemma Poke, Western General Hospital, Scotland, UK, John Caird, Beaumont Hospital, Ireland, Saba Sharif, West Midlands Regional 
Genetics Unit, Birmingham, UK, Diana Eccles, Southampton University Hospital National Health Service (NHS) Trust, Southampton, UK, David Fitzpatrick, University of 
Edinburgh Western General Hospital, UK, Daniel Rawluk, Beaumont Hospital, Ireland, Daniel du Plessis, Salford Royal Hospitals NHS Foundation Trust, UK. 

Funding: Association for International Cancer Research and a Young Investigator Award from the Children’s Tumor Foundation.

Neuronal merlin regulates Neuregulin1 type III expression
SESSION 5B: June 9  |  5:45 PM – 6:00 PM

Alexander Schulz, MD
Leibniz Institute for Age Research,  
Fritz Lipmann Institute Jena, Germany

Axon surface proteins display a heterogeneous group of molecules exerting a variety of different functions in the highly interdependent relationship 
between axons and Schwann cells. Recently, we identified the tumor suppressor protein merlin, mutated in the hereditary tumor syndrome 
Neurofibromatosis type 2 (NF2), to impact significantly on axon structure maintenance in the peripheral nervous system (Schulz et al., 2013). Here 
we now report on a role of neuronal merlin for the regulation of the axon surface protein Neuregulin 1 (Nrg1). 

Nrg1 type III expression in sciatic nerve tissue of complete merlin knock out mice shows an age dependent down regulation. While Schwann cell-
specific knock out of merlin has no effect on Nrg1 expression, lysates taken from mice bearing a neuron-specific loss of merlin display a significant 
reduction of Nrg1 type III in peripheral nerve tissue. In vitro experiments underline the promoting impact of merlin for Nrg1 type III expression. In 
accordance, human sural nerve biopsies taken from NF2 patients suffering from polyneuropathy show a strong and consistent reduction of Nrg1 
type III. Currently, we are investigating the functional consequences of reduced Nrg1 type III expression on axons for Schwann cell behavior such as 
myelination and proliferation. 

Full List of Authors: Anna Kyselyova, University Medical Center Hamburg-Eppendorf (Germany), Stephan L. Baader PhD, University of Bonn (Germany), Christian Hagel 
MD, University Medical Center Hamburg-Eppendorf (Germany), Helen Morrison PhD, Leibniz Institute for Age Research (Germany). 

Funding: Alexander Schulz is recipient of a Young Investigator Award from the Children’s Tumor Foundation.
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Hybrid Tumors in NF – Clinical and Biological Implications
SESSION 3B: June 9  |  10:00 AM – 10:15 AM

Anat Stemmer-Rachamimov, MD
Harvard Medical School/Massachusetts General Hospital

Schwannomas, neurofibromas and perineurioma are benign peripheral nerve sheath tumors and may occur as sporadic tumors in the 
general population. Schwannomas and neurofibromas also occur as multiple tumors in patients with an underlying genetic predisposition 
(neurofibromatoses). The pathological diagnosis of a peripheral nerve sheath tumor in a syndromic patient (with multiple tumors) is an important 
criterion for the diagnosis of a specific type of associated neurofibromatosis (NF1, NF2 or schwannomatosis). 

Hybrid tumors are peripheral nerve sheath tumors that have mixed pathological features of two or more types of peripheral nerve sheath tumors and 
are therefore difficult to classify. We and others have found hybrid tumors to be most common in the setting of the neurofibromatoses, in particular in 
schwannomatosis. This talk will review the current literature on hybrid tumors and the challenges they pose in the diagnosis of NF.

Fatty acid synthase inhibitors: potential therapy for NF2
SESSION 5B: June 9  |  6:00 PM – 6:15 PM

Dina Stepanova, MS
Fox Chase Cancer Center, Philadelphia, PA

As there are to date few compounds that specifically inhibit the growth and survival of NF2-deficient cells, we conduced a synthetic lethal screen 
using a library of small bioactive compound library in isogenic Nf2+/+ and Nf2-/- mouse embryo fibroblasts.  This screen revealed nine compounds 
showing significant selectivity against NF2-deficient cells. Cerulenin, a fatty acid synthase (Fasn) inhibitor, proved to be one of the most effective 
compounds at selectively impeding the growth of NF2-deficient cells, and shRNAs against Fasn selectively increased apoptosis in these cells.  
Further, we found that cerulenin selective toxicity correlated to a difference in metabolic rates of Nf2+/+ and Nf2-/- cells, and that there is a two-fold 
difference in Acetyl-CoA and Fasn expression levels in Nf2-/- and Nf2+/+ cells.  Blockade of Fasn activity with cerulenin caused a profound reduction 
on Akt signaling.  In xenograft studies using SC4-9 mouse schwannoma cells, cerulenin significantly slowed tumor progression.  These results 
suggest that cerulenin, by blocking Fasn activity, represents a candidate therapeutic agent in NF2. 

Full List of Authors: Dina Stepanova, MS; Galina Semenova, MS; Jonathan Chernoff, MD, PhD, Fox Chase Cancer Center, Philadelphia, PA. 

Funding Support: 1) US Department of Defense CDMRP Neurofibromatosis Research Program Awards; 2) Donation from Galloway family.

Characterization of Novel Cardiovascular Abnormalities  
with Loss of NF1
SESSION 8: June 11  |  11:25 AM – 11:50 AM

Michelle D. Tallquist, PhD
University of Hawaii

Cardiovascular disease is more prevalent in Neurofibromatosis 1 patients than the general population.  Previous reports in experimental models 
have indicated that congenital defects and vasculopathies may explain the higher incidence.  Here, we present data suggesting that vascular smooth 
muscle cells and cardiac fibroblasts are also sensitive to loss of Neurofibromin I (Nf1) during development of the heart. Using tissue specific gene 
inactivation of Nf1 in the mouse, we found that mutant epicardial cells more readily undergo epithelial to mesenchymal transition (EMT).  The 
epicardium is the primary source of coronary vascular smooth muscle cells (cVSMCs) and fibroblasts that reside in the compact myocardium. To 
form these epicardial-derived cells (EPDCs), the epicardium undergoes the process of EMT, also one of the proposed mechanisms for tumor cell 
metastasis. We found that Nf1 mutant epicardial cells transitioned more readily to mesenchymal cells. The mesothelial epicardium lost epithelial gene 
expression and became more invasive. Loss of Nf1 also caused increased EPDC proliferation and resulted in more cardiac fibroblasts and cVSMCs. 
There appears to be a specific time window when the fibroblasts and smooth muscle cells are sensitive to Nf1 loss because cells without Nf1 in the 
adult exhibited no major perturbations in the resting state.  Only when hearts were challenged using injury models did we observe that Nf1 mutant 
fibroblasts were overly responsive to injury. Finally, we identified Pdgfrα signaling as a key upstream mediator of these processes. Our results suggest 
a possible regulatory role for Nf1 in EMT and support the possibility that patients with loss of Nf1 may be more prone to cardiac complications such 
as fibrosis and coronary artery disease.
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Effect of long-term simvastatin on cognition and daily life in 
children with NF1, a randomized controlled trial
SESSION 3B: June 9  |  10:45 AM – 11:00 AM

Thijs van der Vaart, MSc
Erasmus MC, The Netherlands

Background: Neurofibromatosis type 1 (NF1) is a common single-gene neurocognitive disorder characterized by neurocutaneous symptoms, lower 
intelligence, internalizing behavioral problems and attention deficits. In Nf1-mice, loss of neurofibromin increases RAS-activity and reduces synaptic 
plasticity in the brain. Statin treatment prevented RAS-activation, restored plasticity, learning and attention in Nf1-mice. Short-term simvastatin 
nadministration to NF1 patients was inconclusive. A trial with longer treatment duration and use of clinically relevant outcome measures was needed.

Methods: Individuals with NF1 aged 8 – 15 years with genetically confirmed diagnosis, not using stimulant medication were eligible for this 12-month 
randomized double-blind controlled clinical trial. Intervention consisted of 20-40 mg/d simvastatin or placebo. Primary outcome measures were full-
scale intelligence and parent reports on internalizing behavioral problems and attention problems after 12 months of treatment.

Results: We enrolled 84 participants. Data acquisition was completed in March 2013. Results will be presented at the NF Conference 2013 in 
Monterey, CA, USA. (Trial identifier: trialregister.nl number, NTR2150).

Full List of Authors: Thijs van der Vaart1,2,3, Ellen Plasschaert4,5, André B. Rietman3,6, Marleen Renard7, Rianne Oostenbrink2,3, Annick Vogels4, Marie-Claire Y. de Wit3,6, 
Mie-Jef Descheemaeker5, Yvonne Vergouwe8, Coriene E. Catsman-Berrevoets3,6, Eric Legius4,5, Ype Elgersma1,3, Henriëtte A. Moll2,3.
1Department of Neuroscience; 2Department of Pediatrics, 3ENCORE Expertise center for neurodevelopmental disorders, 6Department of Neurology, 8Department of Public 
Health, Erasmus MC, University Medical Center Rotterdam, The Netherlands
4Department of Human Genetics, KU Leuven, Belgium
5Center for Human Genetics, University Hospital Leuven, Belgium
7Department of Pediatrics, University Hospital Leuven, Belgium

Neurocognitive Endpoints – A REiNS Perspective
SESSION 3B: June 9  |  11:00 AM – 11:15 AM

Karin S. Walsh, PsyD
Gilbert Neurofibromatosis Institute

The Response Evaluation in Neurofibromatosis and Schwannomatosis (REiNS) was established to achieve consensus in the international NF 
community regarding clinical trials design. The Neurocognitive Committee is one of seven active working groups. The goals of the Neurocognitive 
committee are to standardize neurocognitive endpoints for use in clinical trials, provide recommendations on trial design, statistics, and data 
interpretation for trials with primary or secondary cognitive endpoints, as well as offer support to researchers in the development of clinical trials 
targeting neurocognitive endpoints. A structured, standardized approach has been implemented to establish the most commonly used cognitive 
instruments, and to review those instruments in order to make recommendations in those domains likely to be targeted in pharmacological and 
non-pharmacological trials. The committee is reviewing well-established neuropsychological instruments, as well as promising novel tools (e.g., 
computerized tests). The committee’s progress to date will be presented, including preliminary recommendations, challenges, and future goals. 
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Profound neuron/glia deficits in Nf1-deficient cerebellum can 
be rescued by RAS/ERK inhibition in neonatal mice 
SESSION 5B: June 9  |  5:00 PM – 5:15 PM

Yuan Wang, PhD
University of Michigan

Neurofibromatosis type 1 (NF1) is a genetically inherited disease that afflicts 1 in 3500 newborns worldwide. Aside from the development of tumors 
in both peripheral and central nervous system, NF1 patients are predisposed to various clinical complications, including motor/neurocognitive deficits, 
structural brain defects and bone/muscle abnormalities. Motor defects, along with learning disabilities, are the most common NF1 complications 
that affect the quality of life. Impairments of fine and gross motor co-ordination are well-documented symptoms in NF1 patients as early as toddler 
stage. While NF1 children are not clearly ataxic, they frequently display clumsiness and over 40% of the NF1 children need to receive physiotherapy to 
improve motor performance. The cellular and brain structural basis underlying these motor deficits remains largely unknown. 

While motor deficiency in NF1 could be attributed to deficits in various brain regions, cerebellum is of particular interest. Cerebellum is historically 
known as a motor structure, which controls both motor coordination and motor learning. However, the impact of Nf1-deficiency on cerebellar 
development is unknown, and behavior studies in mice and human have not conclusively determined whether/how cerebellar deficits are involved in 
NF1-asscociated motor dysfunction. 

In this study, we developed multiple genetically engineered mouse models to target bi-allelic Nf1 inactivation into various cell types in the cerebellum. 
Nf1-deficient mice exhibit severe motor deficits. In Nf1-deficient cerebellum, we found profound neuron/glia deficits, including purkinje cell 
misalignment, granular neuron accumulation in the molecular layer, Bergamann glia collapse and unipolar brush cell migratory defect. We further 
determined the underlying mechanism for each phenotype and demonstrated the critical role of the Nf1-regulated Erk pathway in the development 
of proper cerebellar structure. More importantly, we defined a therapeutic window to prevent and treat Nf1-associated cerebellar defects in neonatal 
stages, which may have clinical implications for NF1 motor defects.

Full List of Authors: Edward Kim1,2, Yuan Wang1,2, Sunjung Kim1,2, and Yuan Zhu1,2.
1Division of Molecular Medicine and Genetics, Departments of Internal Medicine and 2Cell & Developmental Biology, University of Michigan Medical School, Ann Arbor, 
MI 48109; 

This work is supported by grants from the NIH (1R01 NS053900) and DOD (W81XWH-11-1-0251) (Y.Z.)

Canonical Wnt/Beta-catenin Signaling Drives Human Schwann 
Cell Transformation, Progression, and Tumor Maintenance  
SESSION 8: June 11  |  11:25 AM – 11:50 AM

Adrienne Watson, BS
University of Minnesota

Genetic changes required for the formation and progression of human Schwann cell tumors remain elusive. Using a Sleeping Beauty forward genetic 
screen, we identified several genes involved in canonical Wnt signaling as potential drivers of benign neurofibromas and malignant peripheral nerve 
sheath tumors (MPNSTs). In human neurofibromas and MPNSTs, activation of Wnt signaling increased with tumor grade and was associated with 
down-regulation of Beta-catenin destruction complex members or overexpression of a ligand that potentiates Wnt signaling, R-spondin 2 (RSPO2). 
Induction of Wnt signaling was sufficient to induce transformed properties to immortalized human Schwann cells, and down-regulation of this 
pathway was sufficient to reduce the tumorigenic phenotype of human MPNST cell lines. Small molecule inhibition of Wnt signaling effectively 
inhibited proliferation of MPNST cell lines, and synergistically induced apoptosis when combined with an mTOR inhibitor, RAD-001, suggesting that 
Wnt inhibition represents a novel target for therapeutic intervention in Schwann cell tumors. 

Full List of Authors: Eric P. Rahrmann, PhD., University of Minnesota;  Branden S. Moriarity, PhD., University of Minnesota; Kwangmin Choi, PhD., Cincinnati Children’s 
Hospital Medical Center; Caitlin B. Conboy, B.A., University of Minnesota; Andrew D. Greeley, BS, University of Minnesota;  Amanda L. Halfond, University of Minnesota; 
Leah K. Anderson, University of Minnesota; Brian R. Wahl, University of Minnesota; Vincent W. Keng, PhD., The Hong Kong Polytechnic University; Margaret R. Wallace, 
PhD, University of Florida, Gainesville; Nancy Ratner, PhD, Cincinnati Children’s Hospital Medical Center; David A. Largaespada, PhD., University of Minnesota.

This work was supported by the National Institutes of Health (P50 NS057531), The Children’s Tumor Foundation, The Zachary NF Fund, and The Jacqueline Dunlap 
NF Fund. A.L.W is funded by the 2011 Children’s Tumor Foundation Young Investigators Award (2011-01-018). K.C. is funded by the National Cancer Institute Training 
Grant 5T32CA059268-15. C.B.C is funded by NIH F30 CA171547 and NIH MSTP grant T32 GM008244. 
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There is a great need for the development of targeted therapies for inoperable PN in NF1.  The NF1 tumor suppressor, neurofibromin, regulates mTOR 
pathway activity, which is activated in NF1-deficent cells and tumors from NF1 patients.

This study evaluated whether the mTOR inhibitor sirolimus, in subjects with NF1, either: a) increases time to progression (TTP) in progressive PN 
(stratum 1), or b) results in objective radiographic responses in inoperable PNs in the absence of documented radiographic progression at trial entry 
(stratum 2). Sirolimus oral solution was administered BID on a continuous dosing schedule (28 days=1 course) with pharmacokinetically-guided 
dosing. Subjects on stratum 1 continued treatment until development of disease progression or prohibitive toxicity; subjects on stratum 2 received 
treatment for 6 courses with continued treatment if a partial response was achieved. Volumetric MRI analysis was used to determine response (PN 
decrease	≥20%)	or	progression	(PN	increase	≥20%)	compared	to	baseline	and	conducted	at	regular	intervals.	Toxicity	of	chronic	sirolimus,	pain,	
and quality of life (QOL) were also assessed. For stratum 1, the median TTP was compared to the placebo group of a completed NCI trial (n=29) 
with near identical eligibility criteria. 

Forty-nine subjects (46 evaluable; median age = 7.0 years; range 3-45 years) enrolled on stratum 1; no objective responses were observed. The 
last subject just completed therapy and TTP data is pending at this point. Of 13 subjects (12 evaluable; median age = 16.0 years; range 3-35 
years) enrolled on stratum 2, none had an objective response after 6 courses of treatment, and enrollment to this stratum was closed. In 10 of these 
subjects, preliminary data show no significant mean change in overall QOL or pain intensity over the first 3 months.

Sirolimus did not result in objective PN regression in either stratum, and the TTP of progressive PN compared to a historic placebo group is pending. 
Further evaluation of sirolimus in combination with other targeted agents with the goal to reduce PN growth rate may deserve consideration.

Full List of Authors: Brigitte C. Widemann MD, National Cancer Institute-Pediatric Oncology Branch; Alan Cantor PhD, University of Alabama-Birmingham; John 
Perentesis MD, Cincinnati Children’s Hospital Medical Center; Alexander Vinks PhD, Cincinnati Children’s Hospital Medical Center; Nicole Ullrich MD PhD, Children’s 
Hospital Boston; David Gutmann MD PhD, Washington University St. Louis; David Viskochil MD PhD, Primary Children’s Medical Center; James Tonsgard MD, 
University of Chicago; Bruce Korf MD PhD, University of Alabama-Birmingham; Roger Packer MD, Children’s National Medical Center; Pamela Wolters PhD, National 
Cancer Institute-Pediatric Oncology Branch; Michael J. Fisher MD, Children’s Hospital of Philadelphia.

Funded by the USAMRMC, Congressionally Directed Medical Research Programs (CDMRP), Department of Defense (DOD).

A Phase 2 Study of the mTOR Inhibitor Sirolimus in Plexiform 
Neurofibromas (PNs) in Children and Adults with  
Neurofibromatosis Type 1 (NF1) 
Clinical Trial Updates: June 10  |  12:30 PM – 12:45 PM

Brian Weiss, MD 
Cincinnati Children’s Hospital/DOD NF Consortium
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Background: PNs in NF1 cause substantial morbidity. Surgery, the only standard treatment, is not feasible for most PNs due to their infiltrative nature, 
and large size. The NF1 gene product neurofibromin accelerates Ras-GTP hydrolysis to Ras-GDP and thus functions as a potent negative regulator of 
Ras. Lack of functional neurofibromin in NF1 leads to dysregulated Ras and tumorigenesis. Inhibition of Ras activity is therefore a rational target for 
NF related PNs. AZD6244, an orally bioavailable specific inhibitor of MEK1, may inhibit PN growth by blocking of Ras signaling.  
 
Methods: We are conducting a phase 1 trial of AZD6244 in children 3-18 years old with NF1 and inoperable PNs. Planned AZD6244 dose levels are: 
20, 30, 40 (adult recommended dose), and 50 mg/m2/dose BID on a continuous dosing schedule (1 cycle = 28 days). The maximum tolerated dose 
is determined based on toxicities observed during cycles 1-3. Response is monitored with MRI and volumetric analysis after 5 and 10 cycles, and 
then	after	every	6	cycles.	A	partial	response	is	defined	as	a	≥20%	decrease	in	the	target	PN	volume.	Plasma	pharmacokinetics	are	analyzed	on	day	
1 and 2 of cycle 1.  
 
Results: Nine subjects (median age 15 years; range, 5-18 years) have enrolled to date. The target PN volume at enrollment was 2091 ml (range 
46.8-7210 ml). No dose limiting toxicities (DLTs) have been observed at 20 mg/m2 (n=3). At 30 mg/m2 1 of the initial 3 subjects enrolled developed 
dose limiting grade 3 CPK elevation, which was asymptomatic and reversible. This dose level has been expanded to 6 subjects, with no additional 
DLTs observed to date. The most frequent non-DLTs are acneiform rash, nausea, abdominal pain, diarrhea, and CPK elevation. Minor PN decrease 
has been observed in all subjects, who have undergone at least 1 restaging MRI (cycle 5 [n=6]: median decrease 15.2% range 13.3-22.8%; cycle 
10 [n=3]: median decrease 21.8% range 17.4-23.4%; cycle 15 [n=1]: -32%), and a partial response has been observed in 4 of 6 subjects. PN 
shrinkage occurs slowly over time in progressive and non-progressive PNs.  PN growth has not been observed in any subject, and all subjects 
remain on trial after a median of 6 (range, 1-19 cycles). Pharmacokinetic analysis is pending.  
 
Conclusion: Chronic dosing of AZD6244 has been tolerated by children with NF1 and PNs with acneiform rash and gastrointestinal toxicity as most 
frequent clinical adverse events. Preliminary activity has been observed at 50% and 75% of the adult recommended dose. Enrollment on this study is 
ongoing, and a phase II is in development.

Full List of Authors: Leigh Marcus1, Eva Dombi1, Andrea Baldwin1, Lauren Long1, Andrea Gillespie1, Patricia Whitcomb1, Staci Martin1, Brigitte Widemann1. 1Pediatric 
Oncology Branch, National Cancer Institute, Bethesda, MD.

A Phase I Study of the MEK1 Inhibitor AZD6244 Hydrogen 
Sulfate (Selumetinib Sulfate) in Children and Young Adults 
with Neurofibromatosis Type 1 (NF1) and Inoperable Plexiform 
Neurofibromas (PNs).  
Clinical Trial Updates: June 10  |  12:45 PM – 1:00 PM

Brigitte Widemann, MD 
Pediatric Oncology Branch, National Cancer Institute, 
Bethesda, MD 
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Background: MPNSTs occur in 10% of the NF1 population, and retrospective, pooled analyses have reported worse chemotherapy response for NF1 
(9-18%) compared to sporadic MPNSTs (39-55%).  
 
Methods: We evaluated the objective response (OR) rate [WHO criteria], of subjects with high-grade, unresectable or metastatic chemotherapy naïve 
NF1 associated versus sporadic MPNST after 2 cycles of ifosfamide and doxorubicin (IA) followed by 2 cycles of ifosfamide and etoposide (IE) as 
primary endpoint. This was followed local control and up to 2 more cycles of IA and IE each. A Simon optimal two-stage design was used with a 
target response rate of 40%. With 4+/17 ORs in first stage enrollment could be expanded to 37, and 11+/37 ORs would be consistent with a 40% 
OR rate.   
 
Results: 33 NF1 (22 M, 11F) and 15 sporadic (9M, 6F) MPNST subjects enrolled between 9/2006 to 6/2012. Median age for NF1 subjects was 33 
years (range, 8-66), and for sporadic subjects 37 years (range, 13-72). 5 of 29 evaluable NF1 subjects had a partial response (OR rate 17.2%), 
and 4 of 12 subjects with sporadic MPNST (OR rate 33.3%). Stable disease was achieved in 21 NF1 and 6 sporadic MPNSTs. Both initial stages 
met criteria for enrollment expansion with 4/17 PRs in NF1 and 4/12 PRs in sporadic MPNSTs. Only 1 additional PR was observed in the expanded 
NF1 stratum. Of the 9 PRs, 5 were noted after 2 cycles IA, and additional 4 after 2 cycles IE. Enrollment was slower than expected and the trial 
was closed before full accrual. Conclusions: The primary trial objective was not reached due to slow enrollment. With 5/29 ORs in NF1 MPNSTs 
the desired 40% OR rate would have unlikely been met even with completed accrual. The OR rate was lower in NF1 compared to sporadic MPNSTs 
similar to retrospective literature reports. This trial was not powered to detect a difference in OR rates between the two strata. Novel treatment 
strategies for MPNST should be explored.   

Full List of Authors: Denise Reinke1, Lee Helman2, Joseph Ludwig3, Scott Schuetze4, Arthur Staddon5, Mohammed Milhem6, Daniel Rushing7, Christopher Moertel8, 
Stewart Goldman9, Michael Livingston10, Lars Wagner11, Eve Rodler12, Eva Dombi2, Arie Perry13, Christina Annunziata14, Lauren Long2, David Viskochil15, Seth 
Steinberg16, Larry Baker1.  
Affiliations: 1SARC, Ann Arbor, MI; 2Pediatric Oncology Branch, National Cancer Institute (NCI); 3MD Anderson Cancer Center, Houston, TX; 4University of Michigan 
Comprehensive Cancer Center, Ann Arbor, MI; 5Pennsylvania Hematology Oncology Associates, Philadelphia, PA; 6University of Iowa Hospital, Iowa City, IA; 7Indiana 
University Indianapolis, IN; 8University of Minnesota Cancer Center, Minneapolis, MN; 9Children’s Memorial Hospital, Chicago, IL; 10Carolinas Hematology-Oncology 
Associates, Charlotte, NC;  11Cincinnati Children’s Hospital Medical Center, Cincinnati, OH; 12Seattle Cancer Care Alliance/Children’s Hospital and Regional Medical 
Center, Seattle, WA; 13University of California, San Francisco, CA; 14Medical Oncology Branch, NCI; 15Primary Children’s Medical Center, Salt Lake City, UT; 16Biostatistics 

and Data Management Section, NCI, Bethesda, MD.

SARC006: Phase II Trial of Chemotherapy in Sporadic and Neu-
rofibromatosis Type 1 (NF1) Associated High Grade Malignant 
Peripheral Nerve Sheath Tumors (MPNSTs) 
SESSION 5A: June 9  |  5:15 PM – 5:30 PM

Brigitte Widemann, MD 
Pediatric Oncology Branch, National Cancer Institute, 
Bethesda, MD  | Presented by David Viskochil, MD, PhD, 
University of Utah

Effect of anti-VEGF therapy combined with radiation on NF2 
vestibular schwannoma 
SESSION 5B: June 9  |  6:15 PM – 6:30 PM

Lei Xu, MD, PhD
Massachusetts General Hospital/Harvard Medical School

Treatment with bevacizumab is associated with a reduction in the volume of growing vestibular schwannomas and improved hearing in some patients. 
However, the hearing response is not durable in all patients and some patients are unable to tolerate long term bevacizumab treatment.  These findings 
suggest that in patients with progressive vestibular schwannoma, anti-VEGF therapy alone is unable to achieve a long term therapeutic effect.  We 
hypothesized that the combination of radiation plus bevacizumab would be associated with long term tumor control and with minimal hearing loss. 
To study this issue, we used a mouse model of schwannoma to determine whether combining anti-VEGF with radiation therapy could achieve better 
tumor control and minimize toxicity compared with each therapy alone. 

In this study, we used two xenograft models to examine tumor progression, survival and response to treatment.  To recapitulate the microenvironment 
of vestibular schwannomas (intracranial but arising from a cranial nerve), we implanted tumor cells between the pia and arachnoid meninges in 
nude mice bearing transparent cranial windows; to reproduce the microenvironment of peripheral schwannomas, we implanted tumor cells into the 
mouse sciatic nerve. To mimic the clinical situation, treatments were initiated when the cranial tumors reach 2-mm diameter (measured by optical 
frequencing-domain imaging (OFDI) imaging); and when the sciatic nerve tumors are macroscopically visible.  In the sciatic nerve model, radiation 
therapy (5Gy) significantly delayed tumor growth, but eventually the tumor progressed in all mice.  Anti-VEGF therapy alone (B20-4.1.1, an anti-
human and mouse VEGF antibody, 5 mg/kg i.p. once a week) did not significantly inhibit tumor growth. In the cranial model, radiation alone induced 
a 10-day delay in tumor growth, while anti-VEGF alone delayed tumor growth by 3 days.  Anti-VEGF treatment decreased the microvessel density 
and increased the recruitment and incorporation of perivascular cells into tumor blood vessels and increased the fraction of perfused vessels. As a 
result, tumor hypoxia was reduced, indicating anti-VEGF therapy has the potential to augment the effects of radiation therapy. We then administered 
radiotherapy 4 days after B20 injection and observed tumor growth delay exceeding that for radiation alone. These studies suggest that anti-VEGF 
treatment can normalize the tumor vasculature and augment the efficacy of radiation therapy. 

Full List of Authors: Xing Gao1, MD.,  Yingchao Zhao1, MD., Chong Liu1, MD., Rakesh K. Jain1 PhD., and Scott R. Plotkin2, MD, PhD. 
1Department of Radiation Oncology, Massachusetts General Hospital, Boston, Massachusetts. 
2Pappas Center for Neuro-Oncology, Massachusetts General Hospital, Boston, Massachusetts.  

Grant Support: This study is supported by Children’s Tumor Foundation Clinical Research Award (to L.X. and S.R.P). 
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A Conditional NF2 Mouse Model of Schwannoma that  
Recapitulates Human Disease 
SESSION 3A: June 9  |  10:45 AM – 11:00 AM

Charles Willard Yates, MD 
Indiana University School of Medicine

Neurofibromatosis type 2 (NF2) is an autosomal dominant genetic disorder resulting from germline mutations in the NF2 gene. Bilateral vestibular 
schwannomas, tumors on cranial nerve VIII (CN VIII), are pathognomonic for NF2 disease. Furthermore, schwannomas also commonly develop 
in other cranial nerves, dorsal root ganglia, spinal nerves, and distal peripheral nerves. Despite the cloning of the NF2 gene over 25 years ago, no 
animal model accurately recapitulates the full anatomical spectrum of human NF2-associated schwannomas, including the characteristic functional 
deficits in hearing and balance associated with CN VIII tumors in NF2 patients. Here, we present a genetically engineered NF2 mouse model with 
excision of the Nf2 gene driven by Cre expression under control of a tissue-restricted 3.9kbPeriostin promoter element. By ten months of age, 100% 
of these Postn-Cre; Nf2flox/flox mice develop spinal, peripheral, and cranial nerve tumors histologically identical to human schwannomas. In addition, 
the development of CN VIII tumors correlate with functional impairments in hearing and balance, as measured by auditory brainstem response and 
vestibular testing. Our embryonic analyses suggest an early Schwann cell progenitor tumor cell of origin. Overall, the Postn-Cre; Nf2flox/flox tumor 
model provides a novel tool for future mechanistic and therapeutic studies of NF2-associated schwannomas.

Double-hit or haploinsufficiency – disease mechanism underly-
ing NF1-associated brain pathologies  
SESSION 1: June 8  |  2:00 PM – 2:25 PM

Yuan Zhu, PhD
Departments of Internal Medicine and Cell & 
Developmental Biology, University of Michigan

Approximately 30-70% of individuals with neurofibromatosis type 1 (NF1) have learning disabilities, representing the most significant cause of lifetime 
morbidity associated with this disease. Recent studies have identified structural brain abnormalities such as enlarged corpus callosum (CC) in a 
subpopulation of NF1 patients, who often suffer more severe learning disabilities. Furthermore, an increase in glial lineage cell populations including 
astrocytes has been documented in some NF1 patients. Although it has been well established that NF1-associated tumors are driven by bi-allelic 
inactivation of NF1, it remains unknown whether learning disabilities and brain pathologies observed in a subpopulation of NF1 patients are caused 
by bi-allelic (“double-hit”) or mono-allelic inactivation of NF1 (haploinsufficiency). Given the paucity of biopsied brain tissues from NF1 patients, this 
important question has not been addressed in humans. We have developed a series of genetically engineered mouse (GEM) models that target Nf1 
mutations into neural stem cells in developing brains. Our results show that Nf1 heterozygous brains exhibited no overt structural and cellular defects 
in the brain, suggesting that haploinsufficiency might not be the critical mechanism underlying brain pathologies observed in a subpopulation of NF1 
patients. In contrast, bi-allelic inactivation of Nf1 in neural stem cells in the developing ventricular and subventricular zone (VZ/SVZ) of the lateral 
ventricle, though did not cause increased proliferation, led to fate-specification defects, which overproduced glial cells at the expense of neurogenesis 
destined to the olfactory bulb. Consequently, overproduction of glial cells resulted in an enlarged CC. Moreover, bi-allelic inactivation of Nf1 in the 
developing cerebellum led to increased proliferation in glial restricted progenitors that caused an impairment of Bergmann glial scaffold and neuronal 
migration, as well as premature neuronal differentiation of granule neuronal precursors. Importantly, these developmental abnormalities in Nf1-
deficient brains could be rescued by transient treatment of a MEK/ERK pathway inhibitor. Together, our study not only reveals that bi-allelic inactivation 
of Nf1 in developing neural stem cells can induce brain pathologies in multiple brain regions via distinct mechanisms, but also provides insights on 
how to treat these defects. 

Additional Authors: Yuan Wang, PhD, Edward Kim, BS, University of Michigan; Bennett G. Novitch, PhD, UCLA; Kazuaki Yoshikawa, PhD, Osaka University; Long-Sheng 
Chang, Nationalwide Children’s Hospital.
 

Supported by NIH R01 and U54 to Y.Z.
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Imaging Vestibular Schwannomas:  A Clinical Approach
In this didactic presentation, it will be shown and explained what a neurosurgeon looks on radiological examinations of NF2 patient before deciding to 
operate and when planning surgery.
The size of the vestibular shwannomas is not the only thing that matters!

Update on Mouse Models of Meningioma
Meningiomas, although mostly benign, may sometimes present aggressive features and raise issues concerning alternative treatment options 
besides surgery, especially in aggressive variants of meningiomas (WHO grade II and III). In order to gain new insights in meningioma biology and 
develop alternative treatments, some genetically engineered model utilizing conditional mutagenesis to specifically inactivate the mouse Nf2 gene in 
arachnoidal cells meningioma mouse models have been engineered by our team during the past decade. In this presentation, we will review these 
models recapitulating molecular and pathological features of human meningiomas. We will then present ongoing experiments with new mouse 
models showing an important role of PDGF-ß in meningiomagenesis initiation and malignant progression associated with Nf2 inactivation.
Finally, we will update knowledge on meningioma genetic.Two recent papers showed that recurrent mutations in SMO and AKT1 are mutually 
exclusive with NF2 loss in meningioma initiation. We will show our current strategy to reproduce these genetic events in mice.

Everolimus for NF2-Related Vestibular Schwannomas: The Paris Experience
We are conducting a prospective, open-label, phase II study to estimate the response rate to RAD001 in NF2 patients with growing vestibular 
schwannomas (VS). {NCT01490476}. Ten eligible NF2 patients were enrolled. RAD001 was administered for one year. In this talk, we will present 
preliminary results on tumor response after one year of everolimus treatment and the ongoing follow-up of these patients.

Imaging Vestibular Schwannomas:  A Clinical Approach
Vestibular Schwannoma: June 8  |  10:00 AM – 10:25 AM

Michel Kalamarides, MD, PhD
Hopital Pitie-Salpetriere, UPMC, Paris
Inserm U674, Institut Hematologie, Paris Diderot

Mutations in the Snf5 (also called INI1, SMARCB1) gene are linked to schwannomatosis.  One of the hallmarks of schwannomatosis is pain that can 
be associated with schwannomas but also distant from tumors.  The underlying cause of this pain is unkown.  We generated mice with inducible, 
conditional loss of Snf5 under the control of the myelin-specific Plp promoter in which recombination could be induced in Schwann cells following 
treatment with tamoxifen. Loss of Snf5 in 1-month-old mice resulted in increased thermal sensitivity and increased expression of the capsaicin 
receptor, TRPV1, in dorsal root ganglion neurons.  Furthermore, conditioned medium from Snf5-null Schwann cells induced TRPV1 expression and 
activity in wild type sensory neurons in vitro.  We have analyzed RNA from wild type and Snf5-null Schwann cells and identified a number of genes 
that could influence TRPV1 expression in neurons.  We have also analyze RNA from wild type dorsal root ganglion neurons treated with Snf5-null and 
wild type Schwann cell conditioned medium to identify genes that may influence pain responses and the regulation of TRPV1 expression. The long-
term goal of these studies is to identify novel therapeutic targets for schwannomatosis-associated pain.

Pain Signaling Induced by Snf5-Null Schwann Cells: 
Deciphering Schwannomatosis Pain

Larry S. Sherman, PhD
Oregon National Primate Research Center and Oregon 
Health & Science University
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Chau Vincent 27 Novel Small Molecule Induces Apoptosis in Malignant Peripheral Nerve Sheath Tumors of Neurofibromatosis Type 1

Chow Hoi Yee 29 The role of Pak in NF2-null meningiomas

Deo Nikita 31 Synergy between rhBMP-2 and MEK inhibitor PD0325901 in treating a mouse model of NF1 pseudarthrosis 

Dombi Eva 33 Elevated Plasma Midkine Concentrations in Neurofibromatosis Type 1

Gallo Richard M.  35 Regulation of CD1d Antigen Presentation by Merlin

Hanemann Oliver 37 Role and regulation of p53/ mouse double minute 2 homolog (MDM2) complex in Merlin-deficient tumours

Huang Jie 39 Loss of merlin in mammary epithelial cells during pregnancy leads to precocious apoptosis via activation of the  
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Children with neurofibromatosis type 1 (NF1) are predisposed to developing juvenile myelomonocytic leukemia (JMML). This myeloproliferative 
neoplasm (MPN) arises after biallelic NF1 loss in hematopoietic stem cells, and it responds poorly to conventional treatment. Although JMML is 
driven by Ras activation, pharmacologic inhibition of Ras is not currently feasible. Focus has thus shifted to downstream effector pathways, which 
include Raf/MEK/ERK, phosphoinositide-3-OH kinase (PI3K)/Akt, and Ral-GDS/Ral-A cascades. However, it is unclear which pathways, if any, should 
be targeted.  In part to address this question, we previously developed a mouse model to investigate JMML by expressing a conditional “knock-in” 
KrasG12D oncogene in bone marrow. Inhibition of MEK yields a significant reduction in disease burden in this model, including reduced leukocytosis, 
improved anemia and enhanced survival. Here, we interrogate the role of the PI3K/Akt pathway in KrasG12D driven MPN and further explore which 
specific pathways are responsible for leukemogenesis due to hyperactive Ras. We administered GDC-0941, a selective PI3K inhibitor, to Mx1-Cre, 
KrasG12D mutant mice. Six to eight week old mice with established MPN and wild-type (WT) littermates were randomized to receive GDC-0941 or a 
control vehicle. GDC-0941 was administered at a dose of 125 mg/kg by mouth daily in a vehicle of 0.5% methycellulose/0.2% Tween 80; this was the 
maximum tolerated dose due to hematologic toxicity and was given for up to 12 weeks. Mice treated with GDC-0941 exhibited dramatic corrections 
of leukocytosis and anemia, and reduced splenomegaly. Flow cytometry of bone marrow and blood also imply that GDC-0941 treatment corrects 
aberrant proliferation, amends differentiation of bone marrow progenitors, and revives ineffective erythropoiesis found in KrasG12D mice. Treatment 
yielded marked improvement in the survival of KrasG12D mice; nearly all KrasG12D mice in the treatment arm outlived their control counterparts. Our data 
suggest PI3K inhibition may play a role in suppressing hematologic dysfunction in JMML patients. Potential crosstalk between PI3K and MEK signaling 
further suggests that combinatorial activities of PI3K and MEK inhibition be investigated.   
 
Figure 1. Survival benefit in KrasG12D mice treated with GDC-0941 for up to 12 weeks after randomization (Red 
is KrasG12D, Blue control; dotted line vehicle, solid GDC-0941). 
 
Additional Authors: Monique Dail PhD, UCSF; Lori S Friedman, Genentech; Kevin Shannon MD, UCSF; Deepak Sampath, Genentech; 
Benjamin Braun MD, PhD, UCSF 

Sponsored by: NF Preclinical Consortium (Children’s Tumor Foundation)

KrasG12D MDS/MPN is alleviated by the PI3K inhibitor GDC-0941
Jon Akutagawa BS
University of California, San Francisco,  
Department of Pediatrics

Development of neurofibroma is a hallmark of Neurofibromatosis type 1 (NF1) and Schwann cells (SC) are considered as the primary cellular origin of 
Neurofibromas.  Neurofibromas, have cutaneous, subcutaneous and plexiform types. Plexiform neurofibromas can undergo malignant transformation 
into neurofibrosarcomas, known as malignant peripheral nerve sheath tumors (MPNSTs). They ocur in a subset of patients with NF1 but there is no 
predictive test to detect this subgroup. CXCR4 has been widely studied for its potential role in cancer progression and metastasis. Luis Parada and his 
group also found increased CXCR4 expression in human NF1 patient tumor samples and primary cells. CXCR4 is one of the best studied chemokine 
receptors, primarily due to its role as a co-receptor for HIV entry and its ability to mediate the metastasis of several cancers. The CXCR4 antagonist, 
AMD3100, has growth-inhibitory effects on primary cultured mouse and human MPNST cells and is already being evaluated in phase III clinical trials.

The purpose of this study was to analyze a possible association between the expression of  CXCR4 and the clinicopathological features of different NF 
tumors to assess the usefulness of this chemokine receptor for diagnosis and prognosis. 
Twelve specimens of tumors (8 Neurofibromas, 3 Plexiform neurofibromas,
1 Pheochromacytoma) were obtained from patients who underwent surgery at Hacettepe University Hospital. The pathological status of these tissues 
was confirmed by routine pathological examination. Standard immunohistological procedure was performed for CXCR4 and S100  in tumors and 
expression analysis of CXCR4 performed with RT-PCR based studies. Normal human SC were used as a control. Our results show that CXCR4 
expression level varies between different types of tumors. Detailed data will be provided during presentation. 

Further studies with large number of tumors may help to predict the malignant transformation potential of NF1 Associated Tumors acording to the 
CXCR4 and CXCL12 expression levels. 

Full List of Authors: Beren	Karaosmanoğlu	MSc,	Cetin	Kocaefe	MD-PhD,	Banu	Anlar	MD,	Ali	Varan	MD,	Hacettepe	University. 

Supported by: Hacettepe University, Scientific Resaerch Foundation BAB 011D07 101 001

1Parada L. F., et. al. CXCR4/CXCL12 Mediate Autocrine Cell-Cycle Progression in NF1-Associated Malignant Peripheral Nerve Sheath Tumors. Cell, 152: 1077–1090, 2013. 

2Burger J. A., Kipps T. J., CXCR4: a key receptor in the crosstalk between tumor cells and their microenvironment. Blood, 107: 1761-1767, 2006. 

Detection of the Expression Level of CXCR4 in NF 1  
Associated Tumors 

Sükriye Ayter, PhD
Hacettepe University, Faculty of Medicine 
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Background: Neurofibromatosis type 1 (NF1) is a genetic condition which can result in varying degrees of visible difference (disfigurement).  There 
is currently very little research into the psychosocial impact of NF1, particularly during adolescence; a time when health behaviours are consolidated 
and appearance concerns become more salient.  In addition to the condition’s current impact on appearance, the uncertainty of how it may develop in 
the future can be particularly difficult to manage.  

Methods: Surveys of young people aged 14-24 with a diagnosis of NF1 (n=73), parents of young people with NF1 (n=55) and health professionals 
who work with people with NF1 (n=53) were developed following in depth interview studies with these participant groups. Measures included the 
Perceived Stigma Questionnaire, Social Comfort Questionnaire, Body esteem (appearance subscale), the brief-IPQ, the Coping Health Inventory for 
Parents and the Subjective Happiness Scale.

Findings: The uncertainty of NF1 and the importance of appearance were identified as central to young peoples’ experience, by all participant groups. 
he survey of young people found no significant difference between those who felt their NF1 was or was not noticeable on measures of happiness, 
stigma or social comfort. The parents’ survey however revealed parents did perceive a relationship between the noticeability of their child’s NF1 and 
their stigma experience and social comfort. Health professionals did not complete these measures, however the majority of Health professionals 
reported that tumor load is not an indicator of how a person with NF1 feels about their appearance.

Discussion: Findings highlighted the variety in young people’s experiences of NF1. There was consensus that both the uncertainty of the condition and 
feelings about their appearance were important concerns for young people. However, whilst appearance concerns were well recognized the impact of the 
noticeability of the condition is less clear. Findings are discussed in terms of recommendations for the support of young people and families.

This research is part of the presenting authors PhD which is supported financially by the faculty of Health & Life Sciences of the University of the 
West of England.

Additional Authors: Professor Diana Harcourt, Centre for Appearance Research, University of the West of England. Professor Jane Coad, Centre for Children and Family 
Applied Research, Coventry University.

Young Peoples’ Experience of NF1
Jenny Barke 
Centre for Appearance Research, University of the West 
of England, Bristol, UK

A matched case control study: Cognitive features that 
distinguish young children with neurofibromatosis type 1 from 
healthy peers

Belinda Barton, PhD
The Children’s Hospital at Westmead  
and University of Sydney

Aim: To examine the cognitive functioning of 40-month old children with neurofibromatosis type 1 (NF1). 

Study design & analysis: In this case control study, 43 children with NF1 and 43 controls (matched by age, gender, and maternal years of education) 
were assessed using the Wechsler Preschool and Primary Scale of Intelligence, Third Edition (WPPSI-III). Language, visual perception, pre-literacy, 
and executive functioning were also examined. Parents completed questionnaires about their child’s behavior. Group differences were examined using 
the paired-samples t test or the related Wilcoxon signed rank test. Conditional logistic regression was conducted to identify which cognitive variables 
predicted group membership (i.e. NF1 or control). 

Results: The NF1 group had significantly poorer general intelligence than matched controls. Young children with NF1 had significantly poorer language, 
visual perception, response inhibition, and pre-literacy skills than controls. The WPPSI-III Object Assembly and Information subtests were significant 
predictors of group membership. Parent ratings indicated no group differences in behavior. 

Conclusion: This is the first study of children with NF1 that has employed a matched case control design utilizing healthy unrelated controls. Results 
indicate that after accounting for potentially mediating variables of age, gender, and maternal years of education, young children with NF1 have 
significantly poorer intellectual functioning than their healthy peers. Expressive language and visual perception are important cognitive features that 
distinguish young children with NF1 from healthy peers. These areas should be targeted for intervention to maximize the developmental outcomes of 
young children with NF1.

Additional Authors: Lorenzo J, MPsych, The Children’s Hospital at Westmead & University of Sydney; Arnold SS, BA, The Children’s Hospital at Westmead & University of 
Sydney; North KN, MD, The Children’s Hospital at Westmead & University of Sydney.

This study was supported by the U.S. Army Medical Research and Materiel Command (USAMRMC), Department of Defense, Neurofibromatosis Research Program (Award 
Number W81XWH-04-1-0510).
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Neurofibromatosis 2 (NF2) is characterized by multiple neurological tumors particularly schwannomas and meningiomas. Currently, there are no 
effective pharmacological interventions available for NF2.  A greater comprehension of the signaling pathways deregulated as a result of NF2 protein 
merlin loss is critical to identifying new drugs suitable for treating NF2. Our laboratory previously identified the mTOR (mechanistic/mammalian target 
of rapamycin) pathway as an important mediator of increased cellular growth and proliferation of NF2-deficient meningioma cells in a rapamycin-
sensitive manner and showed aberrant activation of mTORC1 in NF2-patient meningiomas and schwannomas. Moreover, the mTORC2 pathway was 
also deregulated in NF2-deficient meningeal and Schwann cells suggesting that merlin may regulate both mTOR complexes (mTORC1/mTORC2). 
These findings have prompted the initiation of clinical trials of rapamycin analogs (rapalogs) for NF2 patients as well as preclinical trials of mTOR 
kinase inhibitors that target both mTORC1 and mTORC2. 

Although the precise mechanism by which merlin regulates mTOR is unclear, a very recent report has established a molecular link between mTOR 
signaling and the highly conserved Hippo pathway through downregulation of the tumor suppressor PTEN, a negative regulator of mTORC1. Hippo, 
which plays a key role in restricting organ size by controlling cell proliferation, apoptosis and cell growth regulation in response to cell-cell contact, 
is well characterized in Drosophila and recently has been linked to merlin in mammalian signal transduction. The main downstream target of the 
canonical Hippo kinase cascade, YAP (yes-associated protein), is a transcriptional co-activator and putative oncogene overexpressed in many human 
cancers. YAP is shown to be activated as detected by attenuated phospho-YAP in NF2-deficient human malignant mesotheliomas and in Nf2-null 
mouse liver tumors. In a recent report nuclear localization of active YAP was observed in meningioma tumors and cell lines suggesting that merlin 
may control cell proliferation and growth by regulating the Hippo pathway. Our preliminary studies indicate that in contrast to Nf2-null MEFs, phospho-
YAP is not attenuated in merlin-suppressed human arachnoidal or Schwann cells. Additionally, we do not observe YAP-mediated downregulation 
of PTEN in NF2-deficient cells suggesting that elevated mTORC1 activation may not be a consequence of deregulated Hippo-YAP signaling. Further 
studies are essential to determine the major growth pathways regulating NF2 tumorigenesis, which is critical for developing the most promising drugs 
relevant for NF2-associated human tumors.

Full List of Authors: Roberta Beauchamp, B.A., Sun Kim, B.S., Anat O. Stemmer-Rachamimov, MD, Scott R. Plotkin, MD, PhD, James F. Gusella, PhD, Vijaya Ramesh, PhD 
and Marianne F. James, PhD Massachusetts General Hospital and Harvard Medical School.

Granting Agencies: Department of Defense (NFRP), National Institutes of Health (NINDS) and Neurofibromatosis, Inc., Northeast.

Examining the relevance of Hippo-mTOR crosstalk in  
NF2-associated tumors

Roberta Beauchamp 
Massachusetts General Hospital

Neural stem cells (NSCs) give rise to the majority of cells in the mammalian brain, including neurons, oligodendrocytes, and astrocytes.  However, 
the signaling mechanisms responsible for regulating NSC proliferation and directing their differentiation towards each of these lineages remain 
incompletely characterized.  Individuals affected by the neurofibromatosis type 1 (NF1) tumor-predisposition syndrome have neurological problems 
that reflect abnormalities in neuronal (learning disabilities and seizures) and astrocytic (optic gliomas) function.  The presence of abnormalities in 
these two distinct cell lineages suggests that the NF1 gene product, neurofibromin, functions as a critical regulator of NSC function.  Neurofibromin 
negatively regulates NSC proliferation and differentiation through its function as a Ras-GTPase activating protein.  However, three different Ras 
molecules – H-Ras, K-Ras, and N-Ras – are expressed in the mammalian brain, each of which undergoes unique processing and localization to cause 
different biological effects.  To define the effects of activating each Ras molecule on NSC proliferation and differentiation, I have utilized genetically 
engineered mice (GEM) to selectively activate individual Ras molecules in NSCs.  Using brain NSCs harvested from these mice, I have found that these 
Ras molecules differentially promote NSC proliferation and glial cell differentiation in a cell- autonomous manner.  Moreover, activating the individual 
Ras molecules in NSCs in vivo also causes differential increases in glial cell differentiation.  Current studies will define the unique Ras downstream 
signaling effector proteins required for these differential biological effects in NSCs upon Ras molecule activation.

Funding Support: Children’s Tumor Foundation Young Investigator Award to RHFB. National Institutes of Health #NS065548 to DHG

Additional Authors: Professor Diana Harcourt, Centre for Appearance Research, University of the West of England. Professor Jane Coad, Centre for Children and Family Applied 
Research, Coventry University.

The role of Ras molecule hyperactivation in neural  
stem cell function

R. Hugh F. Bender, MS
Washington University School of Medicine
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The Ras-GAP activity remains the best well-characterized biochemical function of neurofibromin to date. However, we still don’t have the complete 
picture of the role of this protein in cell physiology. With this goal in mind, we are using Phosphorodiamidate Morpholino Oligomers (PMOs) to dissect 
the functional implications of different neurofibromin parts and the role of alternative spliced exons without altering its endogenous expression levels.

In this project we propose: 1) using PMOs to force the skipping of different in-frame exons of the NF1 gene and analyze the remaining function of 
neurofibromin in the context of cell proliferation and differentiation; 2) employing these functional results to correlate the genotype with the phenotype 
of NF1 patients with splicing mutations in the analyzed exons; 3) testing PMOs to elucidate the role of alternatively-spliced isoforms of NF1 in neuronal 
differentiation.

We set up in vitro conditions to use PMOs to force the skipping of different in-frame NF1 exons. We started forcing the skipping of exons 8 and 37 
(many NF1 patients exhibit constitutional splicing mutations in these exons); exon 19a (low number of patients with splicing mutations) and exon 
14, that causes a frame-shift and truncates neurofibromin. A group of functional assays for assessing proliferation, differentiation and migration of 
different cell types was also set up. We are currently testing the different readouts of these assays in the presence or absence of the different NF1 
exons. 

In addition we are also studying the role of the alternative splicing of exon 23a switching upon cellular differentiation of Nerve Growth Factor (NGF) 
treated PC12 cells. We successfully forced the skipping of exon 23a with a PMO without altering the physiological levels of NF1 expression in PC12 
cells. Our results suggest that the switch from isoform I to isoform II with PMO is not sufficient to induce differentiation of PC12 cells in the absence 
of NGF. However, forcing the skipping of exon 23a by PMO treatment in the presence of NGF, alters the cell cycle arrest capacity of NGF and impedes a 
proper differentiation process. 

Full List of Authors: Josep Biayna, M. Sc., IMPPC; Ernest Terribas, MSc, IMPPC, Juana Fernández-Rodríguez, PhD, Hereditary Cancer Program (HCP), Catalan Institute of 
Oncology (ICO-IDIBELL), L’Hospitalet de Llobregat, Barcelona, Spain; Conxi Lázaro, PhD, HCP, ICO-IDIBELL; Eduard Serra, PhD, IMPPC. 

Funding Support: This work was supported by: Instituto de Salud Carlos III: (grant# PI081871, PI11/01609, and ISCIIIRTICC RD12/0036/0008), Government of Catalonia 
(grant no. 2009SGR290), Asociación Española Contra el Cáncer (AECC), and Fondation Jérôme Lejeune. We also thank the Asociación Española de Afectados de 
Neurofibromatosis for their constant support to our research.

Using Phosphorodiamidate Morpholino Oligomers (PMOs) to 
characterize the role of Neurofibromin in cell Physiology

Josep Biayna, MSc 
Institute of Predictive and Personalized Medicine of 
Cancer (IMPPC)

Children with NF1 have an increased incidence of juvenile myelomonocytic leukemia (JMML), an aggressive chronic leukemia categorized as a 
myelodysplastic syndrome / myeloproliferative neoplasm (MDS/MPN). Aberrant Ras signaling plays a central role in the pathogenesis of JMML, and 
somatic mutations that activate Ras signaling are common in JMML patients with and without NF1. Despite this, there are currently no signal transduction 
inhibitors with established efficacy. We used a mouse model of JMML to screen a set of small molecules, to identify new therapeutic strategies for JMML 
and other NF1 associated neoplasms. 

Unfractionated bone marrow cells harvested from Mx1-Cre, KrasD12 (n= 10) and wild type (WT) mice (n=18) were used to screen 94 different 
compounds. A pathogenic, homogenous population of “PreGM” myeloid progenitor cells (identified as Lineage lo/- Sca1- c-kit+ CD34+ FcγRII/
III- CD105- CD150-) was purified from bone marrow using flow cytometry. PreGM cells were sorted into 96-well plates containing inhibitors at 
concentrations ranging from 5×10-7 to 5 ug/ml. DMSO and cytotoxic agents served as controls. After a 3 day culture period, cell number was quantified 
using automated microscopy with the GE INCell Analyzer 2000. Dose response curves were constructed for WT and KrasD12 cells and IC50s were 
calculated using R statistical software.

The 94 compounds tested in this screen included cytotoxic agents, tyrosine kinase inhibitors, PI3K family inhibitors, mitotic kinase inhibitors, epigenetic 
modifiers, hedgehog signaling inhibitors, and others. The majority of compounds tested were either FDA approved drugs or agents used in recent clinical trials.

Candidates were screened for preferential activity against Mx1-Cre, KrasD12 cells. However, none of the 94 compounds demonstrated preferential inhibitory 
activity against Mx1-Cre, KrasD12 cells when compared to WT cells.

Our results indicate that Kras mutant cells have drug sensitivities similar to normal cells over a broad range of mechanistic approaches. This suggests that 
“synthetic” lethal opportunities for treating Kras driven neoplasms may be elusive. However, we have developed a robust platform for conducting chemical 
screens in primary myeloid progenitors, and are well positioned to expand our search to cover the many intracellular kinases that were not inhibited by any 
compounds in our current panel

Additional Authors: Wan Xing Hong and Jon Akutagawa, UCSF.

This work was supported by a DDI award from CTF

A screen in primary bone marrow cells for selective activity 
against JMML
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Purpose: While NF1 is recognized as a tumor suppressor, via repression of oncogenic Ras signaling, the precise mechanisms critical to tumor 
development in NF1 patients remain unclear. NF1 heterozygosity confers susceptibility to tumorigenesis, including susceptibility to mutagenesis by 
genotoxins such as radiation. We mutagenized Nf1 heterozygous mice using radiation to generate diverse Nf1 null tumors.  Using these novel reagents we 
probed signaling pathways essential for tumor development to identify potential targets for therapeutic approaches.

Materials/Methods: Cell lines were derived from solid tumors developing after focal irradiation of Nf1 heterozygous mice. Radiation-induced tumors 
included mammary carcinomas, squamous carcinomas, and sarcomas. Nf1 status in tumors was assessed using PCR-based techniques. We utilized 
a high-throughput toxicity screen of 94 conventional and targeted FDA-approved chemotherapeutics directed across diverse core cellular signaling 
pathways. Drug sensitivity profiles were determined by quantifying cell numbers after a 72 hour drug exposure, and comparisons were conducted 
between tumor cell lines, non-transformed wild-type and Nf1 null MEFs, and mutant Ras-transformed cell lines (added as controls). Validation of identified 
drug sensitivities is ongoing, with enzyme activity assays, soft-agar colony formation and phosphoprotein analysis.

Results: Overall, radiation-induced tumors from Nf1 heterozygous mice were uniformly Nf1 null. These tumors failed to demonstrate a common drug 
sensitivity signature, but instead revealed a heterogeneous pattern of differential sensitivities, independent of tumor histology. However, radiation-induced 
Nf1 null tumor lines exhibited increased sensitivity to inhibition of the PI3K-mTOR axis as compared to non-transformed controls. Enhanced sensitivity to 
agents targeting cell cycle and survival pathways was also observed selectively within the Nf1 null tumor cell lines. In addition, expression of oncogenic 
Ras, as compared to Nf1 loss, yielded distinct sensitivity profiles suggesting discrete mechanisms of tumorigenesis, which we are further dissecting with 
ongoing biochemical assays.

Conclusions: These studies indicate that Nf1 null tumors, even those of the same histology, do not intrinsically share a signature sensitivity profile to 
pharmacologic inhibition.  This suggests that therapeutic targeting of signaling pathways in Nf1 mutant tumors is not likely to be defined strictly by 
Nf1 loss alone.  Notably, these Nf1 null tumors evidence varied operational dependence upon PI3K-mTOR and Raf-MEK activity. However, emerging 
patterns of sensitivity may define a signaling paradigm for Nf1-mediated tumorigenesis, further evidenced by ongoing gene expression analyses and 
transformation assays within our model. Current efforts are directed towards further resolving essential mediators, with the goal of defining the signaling 
pathways.

Additional Authors: Rana Mroue, PhD, Brian Huang, BS, Sourav Bandyopadhyay, PhD, Jean L. Nakamura, MD, University of California, San Francisco Department of 
Radiation Oncology, University of California, San Francisco Cancer Center.  

Support: Alex’s Lemonade Stand Fund, St. Baldrick’s Foundation, and the National Cancer Institute.

Tumor Signaling Profiles in an Nf1 mutant Mouse Model  
System Using a Drug Sensitivity Screen
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Combinatorial Therapy with Tamoxifen and Trifluoperazine 
Inhibits Malignant Peripheral Nerve Sheath Tumor Growth  
More Effectively than Either Agent Alone

Stephanie N. Brosius, BA  
University of Alabama at Birmingham

Malignant peripheral nerve sheath tumors (MPNSTs) are the most common malignancy in patients with neurofibromatosis type 1 (NF1). These 
aggressive sarcomas have a poor prognosis, in large part because no effective treatment options are currently available beyond surgical resection.  
We have previously shown that tamoxifen inhibits the proliferation and survival of cultured MPNST cells in an estrogen receptor (ER)-independent 
manner and that this drug has potent antitumor activity in mice orthotopically xenografted with human MPNST cells. To further optimize tamoxifen 
effects in this animal model, mice orthotopically xenografted with ST88-14 MPNST cells were treated with a range of tamoxifen doses, resulting 
in a maximal 50% reduction in graft size. To test the possibility that tamoxifen has additional ER-dependent effects in vivo, we also grafted MPNST 
cells in castrated and ovariectomized mice; however, MPNST xenograft growth was unaffected by reducing circulating levels of gonadally derived 
sex hormones. As we have shown that the calmodulin inhibitor trifluoperazine also inhibits MPNST proliferation and survival, we hypothesized that 
combinatorial treatment with tamoxifen and trifluoperazine would impede MPNST xenograft growth to a greater extent than treatment with either agent 
alone. After establishing the maximal tolerated dose for each drug, cohorts of NOD-SCID-gamma mice were orthotopically xenografted with ST88-
14 cells or STS-26T MPNST cells. These animals were treated with vehicle or half maximal doses of tamoxifen, trifluoperazine, or both drugs for 30 
days following a five-day on/two day off treatment cycle. While both tamoxifen and trifluoperazine individually produced a maximal 50% inhibition 
of graft growth, combinatorial treatment with both agents produced an even greater (maximal 90%) reduction in graft mass.  Combined tamoxifen/
trifluoperazine therapy also significantly decreased Ki67 labeling indices compared to vehicle or either individual treatment while TUNEL labeling 
was enhanced by combinatorial treatment. We are currently utilizing kinomics to further define the signaling cascades impacted by tamoxifen and 
trifluoperazine.  The in vivo effectiveness of combined therapy with tamoxifen and trifluoperazine provides a rationale for clinical trials in patients with 
sporadic or NF1-associated MPNSTs. Funded by NIH and DOD.

Additional Authors: Amy N. Turk, BS Stephanie J. Byer, BS, John C. Kappes, PhD, Andrew J. Carroll, PhD, Kurt R. Zinn, D.V.M., PhD, Kevin A. Roth, MD, PhD, Steven L. Carroll, 
MD, PhD University of Alabama at Birmingham, Birmingham, AL.
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AR-42, a pan-histone deacetylase inhibitor (HDACi), as  
a potential treatment for malignant peripheral nerve sheath 
tumors (MPNSTs)

Sarah S. Burns, BA  
Nationwide Children’s Hospital  
and The Ohio State University

MPNSTs are a very aggressive type of soft-tissue sarcoma and about 50% of these tumors are found in patients with neurofibromatosis type 1 (NF1). 
While current treatments with combined surgery and chemo- and/or radiation therapy reduce tumor load, the five-year survival rate is very low. 
Development of a potent medical therapy for MPNSTs is urgently needed. HDACs play important roles in regulating transcription and other cellular 
processes. Aberrant HDAC activity, which reprograms cellular genes, including oncogenes, tumor suppressor genes, and cell-cycle regulators, 
frequently occurs in human cancers, including MPNSTs. As a result, HDACi’s have been evaluated as potential anti-neoplastic regimens. Previously, 
we demonstrated that a novel HDACi, AR-42, induced cell-cycle arrest at G2/M and apoptosis in NF2-associated schwannoma and meningioma 
cells by increasing the levels of CDK inhibitors and proapoptotic Bim and decreasing expression of cyclins, phospho-AKT, BCLXL, and Aurora kinases.  
Importantly, AR-42 potently suppressed schwannoma and meningioma tumor growth in vivo. These findings have led to an ongoing clinical trial of 
AR-42 for these NF2-associated tumors. As AR-42 reduces the expression of key signaling molecules, such as phospho-AKT and Aurora kinases, 
which are frequently over-expressed in MPNSTs, we hypothesized that AR-42 may exhibit anti-tumor effects in these tumors. Indeed, AR-42 efficiently 
inhibited proliferation of a panel of seven NF1-deficient and NF1+ MPNSTs with submicromolar IC50. As in NF2 tumor cells, AR-42 treatment arrested 
MPNST cells at G2/M by decreasing the expression of cyclins D1, A, and B1, CDC2, phospho-AKT, and Aurora kinases A and B and increasing the 
level of p16INK4A. To evaluate the in vivo efficacy of AR-42, a quantifiable orthotopic xenograft model for NF1-deficient MPNST in SCID mice was 
established by intra-sciatic nerve injection of ST8814-Luc cells. Bioluminescence imaging showed that AR-42 inhibited tumor growth of ST8814-Luc 
xenografts by ~80% compared with controls. Collectively, these results suggest that AR-42 may be an effective therapeutic agent for MPNSTs.

Additional Authors: Sarah S. Burns, BA1,2, Elena M. Akhmametyeva, MD, PhD1,3, Jie Huang, MD, PhD1,3, Samuel Spear, MD1,2, Margaret Wallace, PhD4, D. Bradley Welling, MD, 
PhD2, Long-Sheng Chang, PhD1,2,3

1Center for Childhood Cancer, Nationwide Children’s Hospital; Departments of 2Otolaryngology and 3Pediatrics, The Ohio State University; 4Department of Molecular Genetics, 
University of Florida

Funding Support: CTF, Advocure NF2, NF Midwest, Arno Therapeutics.

Neurofibromatosis Type 1 (NF1): Family Experiences and 
Healthcare Management of a Genetic Syndrome Characterised 
by a Highly Uncertain Phenotype

Daniele Carrieri, PhD  
SHM Productions Ltd

Neurofibromatosis Type 1 (NF1) is a dominantly inherited disorder (births incidence: 1/3000) with a high spontaneous mutation rate. NF1 has been 
described as a condition without parameters (Ablon 1999); physical features, cognitive symptomatology, and complications such as malignancy, are 
highly variable, both within and between families, and over the lifetime of affected individuals. 

This paper explores the significance of the classification of NF1 as a ‘genetic syndrome’, in terms of the subjecthood of affected individuals, their 
family experiences and the way it is managed within the healthcare system. This study- conducted in the UK- is based on qualitative semi-structured 
interviews of NF1 individuals, their families (n=30) and healthcare professionals who work with NF1 (n=11) and employs Grounded Theory and 
Narrative Analysis inspired methods of analysis. As such, it provides an empirical investigation of many of the sociological theories which have been 
developed in response to genetic disease, particularly genetic responsibility, biocitizenship and the medicalization of the family. 

NF1 was still experienced by patients and treated by the healthcare system, as a condition without parameters i.e., as a disparate set of symptoms 
with uncertain meaning, rather than as a ‘whole’. The majority of the respondents - regardless of the severity of NF1 - rejected NF1 genetic identities, 
employing diverse downplaying strategies to normalise it. NF1 was salient at certain critical junctures in individuals’ lifecourses, especially in relation 
to reproductive choices, disclosure and management of pressing symptoms. Family experiences with genetic conditions, the relations of family or 
kinship, health behaviours, familial surveillance and disclosure did not necessarily follow the lines of biomedical knowledge and genetic inheritance. 
The analysis also revealed a degree of mirroring between the structure of the healthcare provision for NF1 and patients’ constructions of the condition, 
for example the lack of illness identity. 

The example of NF1 shows that the identification of the genetic basis of a condition does not necessarily provide patients and healthcare professionals 
with more parameters to manage it.

Ablon, J. (1999). Living with Genetic Disorder: the Impact of Neurofibromatosis 1, Auburn House.

Granting agency and mechanism whose fiscal support made the research possible: Egenis (ESRC Centre for Genomics in Society) at the University of Exeter, UK. 
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Establishment, characterization and drug treatment of five new 
orthotopic xenograft mouse models derived from Malignant 
Peripheral Nerve Sheath Tumors

Joan Castellsagué, PhD  
Hereditary Cancer Program, Institut Català d’Oncologia – 
IDIBELL, Barcelona, Spain

Malignant Peripheral Nerve Sheath Tumors (MPNST) are soft-tissue sarcomas with very poor prognosis that can arise either sporadically or in the 
context of neurofibromatosis type 1 (NF1). The aim of this study was to establish and characterize at different levels a set of five newly generated 
orthotopic xenograft mouse models for MPNST. Patient-derived xenograft models were generated by grafting human tumor cells by the sciatic 
nerve in immunodeficient mice. Primary tumors and their derived xenograft tumors were compared by immunohistochemistry, single nucleotide 
polymorphism microarray, exome sequencing and gene-expression array. In addition, a drug-treatment assay was performed using sorafenib, 
rapamycin and doxorubicin. We found that the serially transplanted orthotopic MPNSTs maintain the tissue architecture and histopathology of the 
parental tumor. Genetic alterations in the primary tumor were highly conserved in the xenograft tumors, even after several passages, although some 
differences were observed. The same correlation was seen when comparing expression analysis data. The in vivo drug-treatment experiment showed 
that sorafenib alone, or in combination with rapamycin or doxorubicin, clearly reduces tumor volume. Interestingly, a different effect of rapamycin was 
observed depending on the route of administration: while intraperitoneal injection inhibited tumor growth, no effect was observed when rapamycin was 
administered orally. Overall, our results indicate that these generated orthotopic xenograft models are an excellent preclinical tool that can be used to 
test new therapeutic treatments. Differences in genomic profiling and drug response were observed between NF1-related tumors and sporadic tumors. 
Our data indicate that whole genome and transcriptome information could be relevant in identifying different types of MPNST and in testing new drug 
treatments based on these profiles.

Full List of Authors: Bernat Gel, PhD, IMPPC; Juana Fernández-Rodríguez PhD, Hereditary Cancer Program -ICO-IDIBELL; Yolanda Benavente, PhD, Cancer Epidemiology 
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Neurofibromatosis Type 1 (NF1) patients develop neurofibromas that can transform into malignant peripheral nerve sheath (MPNSTs), which are the main 
cause of mortality in NF1 patients. Although MPNSTs are known to arise from plexiform neurofibromas, the specific molecular pathogenesis of MPNST 
is unknown. Surgery is the main treatment option, but often not curative in many cases, and radiotherapy is used palliatively or as a last-resort, but can 
induce additional mutations. Patients with MPNST may also receive doxorubicin as therapy, but this agent is nonspecific for MPNST. Therefore, there is an 
urgent need for novel therapeutic compounds that can target and eradicate MPNST. In this study, we generate a robust MPNST model that recapitulates 
human MPNST that stems from the serendipitous observation that knocking out NF1 and p53 in stem cells of the skin can produce a tumor. Using this 
murine model, we discover one chemical compound, which we call compound 21, from a high-throughput screen of 200,000 small molecules using 
freshly isolated MPNST cells. Compound 21 can inhibit all available in vitro models of MPNST as well as human MPNST cell lines, and is nontoxic to 
Schwann cells and MEF cells. We show that this compound delays the cell cycle and leads to apoptosis. Moreover, compound 21 can reduce MPNST 
burden in a mouse xenograft model, underscoring the compound’s potential as a novel chemotherapeutic agent. 

Full List of Authors: RKyun Lim, PhD, Wei Mo, PhD, Bruce Posner, PhD, Noelle Williams, PhD, Jef Debrabander, PhD, Lu Q. Le, MD, PhD, Luis F. Parada, PhD. 

Novel Small Molecule Induces Apoptosis in Malignant 
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MEK inhibitors PD0325901 and AZD6244 (Selumetinib) are pharmaceutical agents currently under clinical investigation for the treatment of NF1 and 
non-NF1 tumors. MEK-signaling is also an important mediator of normal bone cell differentiation and function, and alterations to this pathway may 
underlie some of the bony manifestations of NF1. Consequently, we have hypothesized that MEK inhibition may be a beneficial therapeutic approach 
for deficient bone healing in NF1.

We have published a mouse model of NF1 pseudarthrosis where local injection of Cre-expressing virus can inactivate Nf1 in Nf1flox/flox mice. In 
fractures, this leads to fibrosis and delayed/non-union. This model has now been used to test treatment with orally-dosed MEK inhibitors and/or 
recombinant bone morphogenetic protein-2 (rhBMP-2).

Fracture healing was assessed by X-ray and microCT after 3 weeks. PD0325901 treatment did not result in significant changes in union rates, mechanical 
stability or fibrous tissue accumulation. While rhBMP-2 led to increases in bone formation, it was not able to completely restore healing. However, 
combination of rhBMP-2 and PD0325901 synergistically promoted increased bone formation and callus volume in most cases resulting in union (80%). 
Nevertheless, representative histology showed that this drug combination did not completely overcome the fibrosis associated with the model.

In conclusion, rhBMP-2/PD0325901 is a promising treatment strategy that may be useful as an adjunct to surgery to increase bone formation in NF1 
pseudarthrosis, although additional intervention may be required to ameliorate fibrosis.

Full List of Authors: El-Hoss J1,2 ; Cheng T1; Carpenter C1; Deo N1,2§; Mikulec K1; Little DG1,2; Schindeler A 1,2
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Synergy between rhBMP-2 and MEK inhibitor PD0325901 in 
treating a mouse model of NF1 pseudarthrosis

Nikita Deo, B MedSci Hons
National Taiwan University College of Medicine

Neurofibromatosis type 2 (NF2) is an autosomal dominant disorder characterized by the development of multiple tumors in central nervous system, most 
notably schwannomas and meningiomas. Mutational inactivation of NF2 is found in 40-60% of sporadic meningiomas, but the molecular mechanisms 
of malignant changes of meningioma cells remain unclear. To develop rational therapies for these tumors, we assessed the anti-tumoral effects and 
signaling of three group-A specific Pak (p21 activated kinase) inhibitors named Frax597, 716 and 1036 in NF2-/- meningiomas in vitro and in orthotopic 
model. We showed that Pak inhibitors suppressed proliferation on both benign (Ben-Men1) and malignant (KT21-MG1) meningiomas cells by inducing 
cell cycle arrest at G1 phase and promoted apoptosis. In addition, we found a strong reduction in phosphorylation of Mek and S6 and decreased cyclinD1 
expression on both cell lines after treatment with Pak inhibitors. We did intracranial xenografts using luciferase-expressing KT21-MG1 cells and treated 
the mice with these inhibitors for 2 weeks. Mice treated with these inhibitors showed marked tumor regression, the average luciferase signal was reduced 
by 50% (from 51 e5 to 25e5). In tumor dissected from the treated animals, we found an increase in apoptosis without notable change in proliferation, as 
assessed by staining with cleaved caspase-3 and Ki-67, respectively. Collectively, these results suggested that Pak inhibitors could be potential therapy 
drug for NF2-deficient meningiomas.  

Full List of Authors: Chow HY1, Hebsley H1, Cai KQ1, Klein-Szanto AJ1, Chang LS2, Chernoff J1. 
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Background: Midkine (MDK) is a heparin-binding growth factor whose expression is up-regulated in NF1-deficient Schwann cells, dermal and plexiform 
neurofibromas, malignant peripheral nerve sheath tumors (MPNSTs), and in epidermis of asymptomatic individuals with NF1. It has been suggested 
that MDK may support growth of neurofibromas. Serum MDK was reported to be elevated in adult NF1 patients but not elevated in children or 
adolescents with NF1. It has also been proposed that high serum MDK might be particularly associated with the presence of optic pathway gliomas, 
MPNSTs and number of cutaneous neurofibromas, but statistically significant associations have not been reported. Objective: To investigate whether 
plasma MDK is elevated in a young cohort of NF1 patients and whether MDK concentrations correlate with tumor burden. Methods: Plasma MDK 
concentrations were measured by ELISA in patients with NF1 (n = 41; 24 males; median age, 13 y; range 4-35 y) and controls (n = 31; 13 males; 
median age, 15 y; range 5-23 y). In a second analysis, 28 NF1 patients were age- and sex- matched to 28 controls. Plexiform neurofibroma (PN) 
tumor burden was measured by automated volumetric MRI analysis and expressed as percent body weight. Results: Plasma MDK was higher in NF1 
patients (0.22 ± 0.02 ng/ml, mean ± SEM) versus controls (0.16 ± 0.01, p=0.004). A similar difference was found in the age- and sex-matched 
patient/control analysis (p=0.04) and also in an unmatched analysis restricted to subjects < 18 y of age (p=0.01). 37 NF1 patients had PN, including 
25 with diffuse/ infiltrative PN; 11 had low-grade optic pathway gliomas and 29 cutaneous, dermal or subcutaneous neurofibromas. Mean total PN 
tumor volume/body weight was 4.03 ± 4.9 % (mean ± SD). Plasma MDK concentrations were not significantly associated with PN tumor burden, 
the number of cutaneous, dermal, or subcutaneous neurofibromas, or optic pathway gliomas, but MDK concentrations showed a possible association 
with the presence of diffuse/ infiltrative neurofibromas (p=0.048, not corrected for multiple comparisons). Conclusions: Plasma MDK is increased in 
pediatric patients with NF1. MDK concentrations are not strongly related to tumor burden, and thus the source of the elevated MDK remains unclear.  

Full List of Authors: Aikaterini A Nella, MD1, Youn Hee Jee, MD1, Eva Dombi, MD2, Andy Gillespie, RN2, Andrea Baldwin, CRNP2, Jack A Yanovski, MD1, Brigitte C 
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Elevated Plasma Midkine Concentrations in Neurofibromatosis 
Type 1
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CD1d is a major histocompatibility complex (MHC) class I-like, cell surface glycoprotein that presents lipid antigens to a special subset of T cells 
called Natural Killer (NK) T cells.  As an important component of the immune system, CD1d-mediated antigen presentation to NKT cells serves as 
a bridge between the innate and adaptive immune responses.  Several reports suggest that deregulation of the CD1d-NKT cell axis is important for 
immune evasion by tumors.  Neurofibromatosis type 2 (NF2) is a genetic disease in which mutations in the NF2 gene result in tumor formation.  Here, 
we examined the role of merlin, the protein product of the NF2 gene, on CD1d-mediated antigen presentation.  We used merlin-specific shRNAs 
to decrease merlin expression in CD1d+ human cells and confirmed knock-down in merlin expression by Western blot analysis.  We found that a 
decrease in merlin expression results in reduced CD1d-mediated antigen presentation to NKT cells as compared to a control shRNA.  This suggests 
that merlin is a positive regulator of CD1d-mediated antigen presentation.  Using flow cytometry, we demonstrated that this decrease in antigen 
presentation is not due to changes in CD1d surface levels.  Because the intracellular localization of CD1d is important for antigen loading, we examined 
CD1d localization by confocal microscopy.  We observed that decreased merlin expression did not alter CD1d co-localization with the late endosome/
lysosomal marker, LAMP-1.  However, we did find that merlin knock-down resulted in faster recycling of CD1d molecules.  These results suggest that 
impaired CD1d-mediated antigen presentation may be one mechanism by which these tumors evade the immune system. 

Full List of Authors: Richard M. Gallo, PhD, Jianyun Liu, PhD, and Randy R. Brutkiewicz, PhD  Department of Microbiology and Immunology, Indiana University School 
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Tumour suppressor merlin deficiency leads to the development of schwannomas, meningiomas and ependymomas occurring spontaneously or as a 
part of a hereditary disease Neurofibromatosis type II (NF2). Tumour suppressor and transcription factor p53 regulates cell cycle progression, survival 
and differentiation and its deficiency/inactivation correlates with tumour development. p53 is positively regulated by merlin and negatively regulated 
by FAK, PI3K/AKT and MDM2. Using our in vitro model of primary human schwannoma cells we previously demonstrated that FAK is overexpressed 
and activated and localises to the nucleus in schwannoma cells increasing  proliferation and that AKT is strongly activated increasing survival. Here we 
investigated the mechanisms of p53 regulation and their role in pathological proliferation and survival of human primary schwannoma cells.  We found 
that p53 is downregulated and MDM2 upregulated in schwannoma cells leading to increased proliferation and survival. p53 is negatively regulated 
by FAK, AKT and MDM2 and stabilised by merlin in schwannoma cells. These findings are important to fully dissect mechanisms responsible for 
development and identification of merlin-deficient tumours and defining best therapeutic targets.

Additional Authors: Sylwia Ammoun PhD,  Marei Caroline Schmid PhD, Lu Zhou PhD, Magdalena Barczyk, Plymouth University, Peninsula Schools of Medicine and 
Dentistry.
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(MDM2) complex in Merlin-deficient tumours
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Loss of merlin in mammary epithelial cells during pregnancy 
leads to precocious apoptosis via activation of the LIFR/Stat3 
pathway and Src

Jie Huang, MD, PhD 
The Research Institute at Nationwide Children’s Hospital

Merlin, the NF2 gene product, is a membrane-cytoskeleton scaffolding protein predominantly found in neural tissues and several other tissues, 
including the mammary epithelium. Mammary gland development is characterized by proliferative phases during pregnancy, terminal differentiation 
and milk production during lactation, and apoptosis and tissue remodeling during involution. To examine the role of merlin during mammary gland 
development, we previously generated mice with Nf2 inactivation in mammary epithelial cells during pregnancy Wap1-Cre (Nf2Wap CKO) and Blg-Cre 
(Nf2Blg CKO). We found that Nf2 inactivation in luminal epithelial cells during mid-to-late pregnancy using Wap1-Cre decreased cell proliferation and 
caused precocious apoptosis, leading to markedly decreased lobuloalveolar morphogenesis during successive gestation cycles, a decrease in milk 
production, and malnourishment of the offspring. Similarly, Nf2 inactivation in luminal epithelial cells during early gestation using Blg-Cre inhibited 
epithelial cell proliferation, and Nf2Blg CKO mice displayed nursing problems in the first parturition. To further investigate how merlin participates 
in regulating apoptosis in mammary epithelial cells, we performed double immunostaining.  We showed that Nf2-deficient luminal epithelial cells 
undergoing apoptosis exhibit a great increase in phospho-Src and phospho-Stat3, but not phospho-Stat1. In addition, we detected accumulation of the 
leukemia inhibitory factor receptor (LIFR) in the apical region of Nf2-deficient luminal epithelial cells during pregnancy and lactation. This is in contrast 
to that in wild-type mammary epithelial cells as activation of the LIFR/Stat3 and Src and apoptotic induction was mainly seen in involution. Taken 
together, our results suggest that merlin may inhibit LIFR/Stat3/Src-mediated apoptosis in mammary epithelial cells during pregnancy.
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Neurofibromatosis 1 (NF1) is an autosomal dominant disorder with complete penetrance and an estimated prevalence of 1 in 3000.  Clinical 
manifestations are extremely variable.  The disease is characterized by multiple café-au-lait spots (skin pigmentation), iris harmartomas, and multiple 
benign and malignant nerve sheath tumors (neurofibromas) in the central and peripheral nervous systems .  NF1 vasculopathy is a serious and well 
documented but poorly understood feature of NF1. NF1 vasculopathy may result in hypertension, cerebrovascular disease, ischemia, aneurysm, 
hemorrhage or death in young adults. The response to standard therapeutic interventions is often disappointing, so further understanding of the 
underlying mechanisms for vascular complications in NF1 are essential. Endothelial and vascular smooth muscle functions are altered in Nf1+/- mice 
in vitro, however, it is unknown how these alterations affect function of the vessel. 

We have compared vascular function of the thoracic aorta in Nf1+/- mice with age-matched control littermates (n=16) using a small vessel 
myograph.  Isometric force measurements revealed increased contraction in response to depolarization (maximal response of3.3 ± 0.32 in Nf1+/- 
aorta versus 2.0 ± 0.22 in controls; p= 0.005), but diminished contraction in response to phenylephrine in Nf1+/- thoracic aorta at 6 months of age 
(pEC50 = 5.36 ± 0.18 in Nf1+/- aorta versus 7.02 ± 0.09 in controls; maximal response, Emax = 67.28 ± 3.4 in Nf1+/- aorta versus 86.34 ± 
5.7; p= 0.008).  Stress-strain curves indicated that arterial stiffness was increased at 6 months of age in Nf1+/- vessels.  Elastin staining revealed 
disorganization of elastic fibers in Nf1+/- vessels. 

In conclusion, the pathogenesis of NF1 vasculopathy in the thoracic aorta increases stiffness and impairs vasomotor function.

Additional Authors: Jason Cui2, Harleen Chohan2, Darian Arman2, Arash Tehrani2, Jan Friedman1, Casey Van Breemen2, Mitra Esfandiarei2
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Impairment of Aortic Structure and Function in a Mouse Model 
of Neurofibromatosis type 1
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Neurofibromatosis 1 (NF1) is an autosomal dominant disorder with complete penetrance and an estimated prevalence of 1 in 3000.  Clinical 
manifestations are extremely variable.  The disease is characterized by multiple café-au-lait spots (skin pigmentation), iris harmartomas, and multiple 
benign and malignant nerve sheath tumors (neurofibromas) in the central and peripheral nervous systems.  NF1 vasculopathy is a serious and well 
documented but poorly understood feature of NF1. NF1 vasculopathy may result in hypertension, cardiovascular disease, cerebrovascular disease, 
ischemia, aneurysm, hemorrhage or death in young adults. The cardiac features associated with NF1 are not fully understood. Our group recently 
demonstrated that NF1 may lead to hypertrophic cardiomyopathy in patients with NF1, and even contribute to congenital heart defects (CHDs). 
To further understand the association between NF1 and cardiomyopathy, we used 2D echocardiography in Nf1+/- mice (n=5) and sex matched 
Nf1+/+ littermates (n=5). With this technique, we are able to acquire cardiac function parameters such as ejection fraction, stroke volume, left 
ventricular wall thickness, intraventricular septal thickness, peak velocity of ascending and descending aorta, and the E/A ratio. Our results indicate 
that intraventricular septal thickness (20 ± 2 vs. 14 ± 1 µm/g; p = 0.04) and left ventricular posterior wall thickness (20 ± 2 vs. 16 ± 2 µm/g; 
p=0.03).  Based on previous observations and the findings of this study, we hypothesize that Nf1 mutations induce a hypertrophic cardiomyopathy in 
NF1 transgenic mice.
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Candidate modifier genes for NF1-associated 
pheochromocytoma are located in Pheom1 on distal 
chromosome 16

Georgette N. Jones, PhD 
Frederick National Laboratory for Cancer Research

Pheochromocytoma is a very rare catecholamine-producing neuroendocrine tumor of the chromaffin cells in the adrenal medulla. These neoplasms 
can occur sporadically or in conjunction with familial tumor syndromes such as multiple endocrine neoplasia type II (MEN2), von Hippel-Lindau (VHL) 
syndrome, or Neurofibromatosis type I (NF1). We previously reported pheochromocytoma in the NPcis mouse model for NF1, albeit with limited 
characterization. Here, we provide more detailed histological and biochemical characterization of the tumors and demonstrate both sex-specific and 
strain-specific biases in susceptibility toward pheochromocytoma. Backcross mapping and binary trait linkage analysis of inbred NPcis animals 
revealed a female-specific linkage peak on distal chromosome 16 corresponding to a 32 Mb region we refer to as Pheochromocytoma modifier 1 
(Pheom1). Interestingly, Pheom1 overlaps the Ts65Dn locus which is syntenic with the human Down Syndrome region and was reported to cause 
increased susceptibility to adrenal tumors in female Ts65Dn;NPcis mice. We therefore hypothesized that candidate modifier genes may be present 
in Pheom1. To identify candidate genes, we analyzed human pheochromocytoma microarrays focusing on genes within the Pheom1 syntenic 
region that exhibited sex-specific alterations and had known genetic polymorphisms. We identified at least 12 genes that may affect susceptibility to 
pheochromocytoma, and have validated their expression in both mouse NPcis and human pheochromocytomas.  This is the first time that a modifier 
locus and candidate genes have been identified for NF1-associated pheochromocytoma, and it lights the way for future studies aimed at understanding 
the risk factors and initiation steps for pheochromocytoma development.

Full List of Authors: Georgette N. Jones, PhD, Frederick National Laboratory for Cancer Research (FNLCR); Sungjin Kim, PhD, University of Wisconsin – Madison (UW-
M); Karl W. Broman, PhD, UW-M; Uma T. Shankavaram, PhD, National Institutes of Health (NIH); Karel Pacak, PhD, NIH; and Karlyne M. Reilly, PhD, FNLCR.

Fracture healing is a dynamic regenerative process that reactivates many developmental pathways and requires precise, spacio-temporal interactions 
between the diverse array of bone cell types. The chondrocyte is central to endochondral bone formation and repair, as the formation of a cartilage 
anlage/callus is a requisite first step in both these processes. NF1 patients can present with bowing of the tibia, fracture and impaired fracture healing, 
characterized by the development of fibrotic, cartilaginous pseudoarthrosis (PA) following fracture, suggesting that inactivating mutations in NF1 
negatively alters mesenchymal stem cells differentiation and chondrocyte differentiation/function during fracture healing. Our data show that Nf1 in 
the growth plate during embryonic and peri-natal development and in the developing fracture callus is critical to proper bone and callus development 
and function. We show by histological, functional and gene expression analyses that lack of Nf1 in chondrocytes during development causes severe 
dwarfism, impaired chondrocyte proliferation, decreased maturation, and enhanced matrix catabolism. In vitro characterization of Nf1-/- chondrocyte 
signaling indicates that ERK activation following FGF2 treatment is enhanced and terminated at a much slower rate than in WT chondrocytes. 
Translation of these developmental findings to NF1 fracture healing models are ongoing, but preliminary evidence shows that inactivation of Nf1 in 
chondrocytes of the developing callus using non-dwarf, inducible Type 2 Collagen Cre mice leads to alterations of soft callus formation and weak 
biomechanical properties. Additional studies are also underway to investigate the potential interaction between neurofibromin and FGFRs during growth 
plate development and callus formation. Preliminary studies (gene expression and in situ hybridization) indicate that Fgfr1, but not Fgfr3, is expressed 
in the same (pre)hypertrophic chondrocytes as Nf1 and the mouse/human bone phenotypes associated by constitutive FGFR1 activation match closely 
with mouse models of Nf1 loss-of-function in bone. Genetic and pharmacological studies to characterize Fgfr1 and Nf1 interactions in the growth plate 
chondrocytes and during soft callus formation after fracture are in progress.
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Medaka (Oryzias latipes) is an attractive vertebrate animal model for genetic studies because of their large numbers of progeny per generation and the 
ease of genetic manipulations. To establish new nf1 model animal, we took advantage of TILLING (Targeting Induced Local Lesion in Genome) library 
of Medaka as a powerful reverse genetics tool (Taniguchi et al. Genome Biol 2006) and screened nf1 mutants in this library. We performed HRM 
(high-resolution melting curve analysis) to retrieve mutants at the RasGAP-related domain (RGD) of medaka nf1, which is highly conserved from fish 
to mammals. A line with RGD missense mutation (Thr1157Ile, Thr1157 is equivalent to human Thr1245) was obtained after screening of medaka nf1 
exon 25 and 26. Mutation at Thr1245 has not been reported in NF1 patients thus far, but missense mutations in close vicinity (Leu1243, Arg1250) 
were observed, implying the mutation (Thr1157Ile) has any effects on Medaka RGD function. To address this, we overexpressed Medaka RGD with 
or without Thr1157Ile mutation in human cervical cancer cell line and examined whether Ras downstream signals such as MEK/MAPK and PI3K/Akt 
have been activated in these cells. Expression of mutant GRD resulted in increased phosphorylation at Thr202/Tyr204 in ERK1/2 and at Ser473 in 
Akt, indicating the mutation has a positive effect on Ras signaling. Consistently, Ras pathway was highly activated in brain tissue from mutant Medaka 
when compared with that from normal counterparts. These data suggest that missense mutation at Thr1157 of Medaka nf1 affects its RasGAP activity, 
and our mutant Medaka could have the potential of being new nf1 model animal.

Additional Authors: Yuriko Matsuzaki PhD, Keio University; Yasuhiro Kamei PhD, National Institute for Basic Biology; Yoshihito Taniguchi MD, PhD, Keio University; 
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Missense mutation of Threonine 1157 at a RasGAP-related 
domain of Medaka nf1 affects Ras signaling pathways
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Neurofibromatosis type 1 (NF1) is one of the most common tumor syndromes affecting the nervous system due to mutations in the Nf1 gene, which 
encodes the protein neurofibromin (a Ras GTPase activating protein). A hallmark of NF1 is its extreme variability in both genotypes and clinical 
manifestations. Although genetically engineered mouse (GEM) models have proven indispensable in deciphering NF1 pathogenesis and preclinical 
testing, they do not mimic mutations seen in NF1 patients.  To study NF1 phenotype-genotype associations in vivo, we created two novel NF1 GEM 
models carrying human Nf1 missense mutations c.2542G>C; p.G848R and c.3827G>A; p.R1276Q to model human spinal NF1, a subtype of NF1 
with neurofibromas emerging from the spinal column.  Two additional mouse models have been created recapitulating nonsense mutations (premature 
stop c.2041C>T; p.R681X and c.3826C>T; p.R1276X) found in NF1 patients.  These models are currently under evaluation for tumorigenesis in 
various genetic contexts with initial phenotyping indicating that only p.G848R is viable when homozygous. Nonsense mutation models are being 
crossed to conditional NF1 knockout mice harboring the Dhh:cre transgene to create experimental mice for translational studies with drugs that bypass 
premature termination codons as a potential treatment strategy. Our studies will be helpful to understand whether Nf1 genetic alterations are causative 
to clinical manifestations. In summary, we have created novel NF1 GEM models carrying human missense and nonsense mutations.  Our study will 
provide meaningful information regarding NF1 phenotype and genotype associations as well as the feasibility of suppression therapy on NF1. 
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The tumor suppressor Merlin belongs to the ezrin–radixin–moesin (ERM) family. Recent studies have clarified the molecular mechanisms underlying 
the Merlin role in growth suppressor function. However, little is known about the regulation of Merlin activity. In this context, several phosphorylation 
events have already been documented that modulate Merlin stability, interaction with molecular partners and with the actin cytoskeleton. We 
postulated that more phosphorylation sites of Merlin might exist which could participate in the regulation of its activity. Using GFP-trap coupled to 
Mass spectrometry we identified a novel phosphorylation site at Threonine 582 position in addition to the previously described phosphorylation 
sites of Merlin. This phosphorylation has been confirmed in vivo, in mouse tissues such as kidney. Using a phospho-specific antibody generated in 
our laboratory, we have observed that T582 is marginally phosphorylated during interphase. However, during mitosis, we found that Merlin is hyper 
phosphorylated on T582 and also at a previously described site, S518. We identified the kinases which phosphorylates S518 and T582 during 
mitosis and shown that they are distinct. We have generated mutants of the new site, alone or in combination with S518 mutants and made cell 
lines expressing them. When expressed in Hela cells, the phospho-mimetic mutant of T582 leads to a delayed cytokinesis and increased cell death. 
The precise mechanisms of this phenotype will be discussed. In addition, we show that T582 phosphorylation abolishes the interaction between 
the c-terminal domain of Merlin with the FERM domain of Ezrin, regulator of cortical cytoskeleton strengthening during mitosis and hence proper 
cytokinesis. The role of Merlin phosphorylation in this process is under investigation. 

Altogether our results demonstrate that Merlin phosphorylation by mitotic kinases is important for cytokinesis. The potential consequences on its 
tumor suppressor role will be discussed.   

Full List of Authors: Vinay Mandati1, Laurence Del Maestro1, Florent Dingli2, Damary Loew2, Daniel Louvard, PhD1, and Dominique Lallemand, PhD1   
1UMR144 CNRS Institut Curie, Paris
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Mitotic kinases link Merlin to cell cycle regulation and tumor 
development

Vinay Mandati, PhD Student
UMR144 CNRS Morphogenèse et signalisation 
cellulaires. Institute Curie, Paris, France.

Malignant peripheral nerve sheath tumors (MPNSTs) are the leading cause of mortality in patients with neurofibromatosis type 1.  MPNSTs are highly 
aggressive and metastatic and currently there are no effective therapies for tumors that cannot be surgically removed.  Therefore, novel therapies 
for this tumor type are urgently required.  We are interested in determining the most critical signaling pathways downstream of NF1 loss in order to 
identify new therapeutic targets. We have previously shown that loss of NF1 results in activation of the PI3K/mTORC1 pathway and treatment with the 
mTORC1 inhibitor rapamycin results in tumor cytostasis in a genetically engineered mouse model of MPNSTs.  Here using a genetic and biochemical 
approach in human MPNST cell lines we show that p110 alpha, the catalytic subunit of PI3K, and mTORC1 are the critical nodes in this signaling 
pathway mediating pathogenesis of MPNSTs, and the most promising therapeutic targets.  However, in our genetically engineered mouse model we 
found that inhibition of the PI3K/mTORC1 pathway leads to only a cytostatic response.  In order to improve upon this effect, and convert the cytotstatic 
response to a cytotoxic response we sought to combine rapamycin with another agent.  As the MAPK signaling pathway represents the other major 
effector pathway activated upon NF1 loss, we evaluated the efficacy of combined inhibition of these two pathways in our genetically engineered mouse 
model.  We show that combined inhibition of mTORC1 and the MAPK signaling pathway using rapamycin and the MEK inhibitor PD0325901 leads to 
potent tumor regression in our MPNST mouse model, while treatment with either single agent is cytostatic at best.  Using microarray analysis of single 
agent and combination treated tumors we found the glucose transporter, Glut1, was specifically down-regulated in mice treated with PD0325901 and 
rapamycin in combination, suggesting this could be used as a biomarker for therapeutic efficacy.  Using FDG-PET analysis, we show that mice treated 
with the combination of rapamycin and PD0325901 have impaired glucose uptake after treatment, while FDG-PET activity is unchanged after treatment 
with either drug alone.   Together, this work provides critical insight into the signaling downstream of NF1 in MPSNTs, identifies a novel and effective 
combination therapy for this aggressive tumor type, and suggests a potential biomarker that can be used to determine therapeutic response. 

Full List of Authors: Clare Malone*, Harvard University/Brigham and Women’s Hospital, Jody Fromm*, PhD, Brigham and Women’s Hospital, Rachel Ingraham, Brigham 
and Women’s Hospital, Thomas De Raedt, PhD, Brigham and Women’s Hospital, Ophelia Maertens, PhD, Brigham and Women’s Hospital, Haley Goodwill, Harvard 
Medical School/Beth Israel Deaconess, Karen Cichowski, PhD, Brigham and Women’s Hospital.

This work was partially supported by NIH T32 GM007306 “Pharmalogical Sciences Training Grant” (Clare Malone).

* These authors have contributed equally.

Deconstructing the NF1 tumor suppressor signaling pathway  
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Hypothesis: All vestibular schwannomas (VS) and many meningiomas exhibit loss of the NF2 gene product merlin. Functioning merlin suppresses p-21 
activated kinase (PAK), a molecule that controls cell morphology, growth, and survival. Because merlin loss causes aberrant activation of PAK, inhibiting 
PAK may be a viable treatment strategy against VS and meningiomas.

Background: Working with medicinal chemists, our laboratory has identified 2 lead compounds (PAK Inhibitor (PI)-8 and PI-15) that suppress PAK 
activation. These small molecules were generated from AR12, a phosphoinositide-dependent Kinase 1 (PDK1) inhibitor derived from the COX-2 inhibitor 
Celebrex. Via structure modification, AR12’s PDK1 activity was reduced and PAK inhibition enhanced. 

Methods: Initially, 32 candidate drugs were screened. The current in vitro study used cell culture (HEI-193 schwannoma, BenMen meningioma, primary 
human VS, and primary human meningioma), MTT cell proliferation assays, immunoblots, and TUNEL apoptosis assays to validate treatment efficacy, 
molecular targets, and cell death mechanisms for PI-8 and PI-15. 

Results: MTT assays determined 50% inhibitory concentrations (IC50) for PI-8 and PI-15 as measures of their treatment efficacy. PI-8 suppressed 
HEI-193 and BenMen growth with IC50 values of 3.1µM and 1.24µM respectively, while PI-15 demonstrated IC¬50 1.8µM and .6µM. Primary human 
VS and meningioma cells had IC50 2.1µM and 2.2µM for PI-15 and 3µM and 3.5µM for PI-8. Cell growth was suppressed via apoptosis and cell cycle 
effects as shown by TUNEL apoptosis assay. Western blots for PI-8 showed a decrease in PAK phosphorylation at a specific, threonine site critical for 
PAK activation. Immunoblots for PI-15 demonstrated inhibition of phospho-PAK at two distinct phosphorylation sites with a concomitant decrease in AKT 
activation. Downstream targets of PAK were affected by both compounds.

Conclusions:  PAK inhibition warrants further drug development efforts as a viable treatment strategy against vestibular schwannomas and meningiomas.

Full List of Authors: Suzu Igarashi BS, The University of Arizona, Allison M Dunn BA, The University of Arizona, Kate A Woodworth, The University of Arizona, Maki 
Niihori PhD, The University of Arizona, Xianding Liu MD, The University of Arizona, Ching-Shih Chen PhD, The Ohio State University, Abraham Jacob MD, The University 
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Inhibiting p21-Activated Kinase as Treatment for Vestibular 
Schwannomas and Meningiomas
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Development of a novel multimodal photonics system to 
image normal and merlin-null Schwann cells on tapered  
fibers in real time

Pierre Edouard Mathieu 
Burnett School of Biomedical Sciences,  
University of Central Florida 

The goal of my abstract is to present a novel multimodal photonics system to study the process of Schwann cells (SCs) motility associated with 
myelination in real-time using a simplified in vitro system. Myelination of peripheral nerve axons is carried out by SCs and involves wrapping of the 
cell around the axon. This form of cellular motility is unique, complex, and poorly understood. Merlin has been shown to   govern SC elongation along 
axons and contributes to establishment of the myelin internode length [i]. We propose to develop a simplified in vitro system amenable to application 
of multimodal photonic measurements. The system consists of SCs cultured on tapered quartz fibers that simulate axons. We have completed proof 
of principle studies using this system [ii]. We now propose to incorporate and test several multimodal photonic approaches to measure motility of 
normal and merlin-null mouse SCs. We will use arrays of tapered quartz fibers that will serve as surrogate axons. The system will be integrated into a 
controlled incubator unit placed within a live-cell imaging microscope. The use or creation of a novel, in vitro, optical technique that allows for real time 
live imaging will provide a way to ascertain whether loss of merlin function impedes motility on tapered fibers. Differentiation between Nf2 null and 
normal Schwann cells can provide insight into the specific requirements of merlin during Schwann cell motility. 

iThaxton et al. Schwannomin/merlin promotes Schwann cell elongation and influences myelin segment length, Molecular and Cellular Neuroscience 47 (2011) 1–9.
iiDouglass et al. Measuring anisotropic cell motility on curved substrates, J. Biophotonics, (2012), 1-6.



58  |  Children’s Tumor Foundation  ·  Ending Neurofibromatosis Through Research

Protein synthesis is a tightly controlled process that is frequently deregulated in many tumor types.  Therefore, there has been much interest in 
discovering drugs that interfere with the protein translational apparatus.  We tested a panel of 24 natural compounds in primary human vestibular 
schwannoma (VS) and meningioma, Nf2– mouse schwannoma, human benign meningioma Ben-Men-1, and NF1– and NF1+ MPNST cells.  Silvestrol, 
which is a novel inhibitor of translation initiation isolated from the Indonesian tree, Aglaia foveolata, was selected as a promising lead agent.  It has 
potent antiproliferative activity against primary VS and Ben-Men-1 meningioma cells at an IC50 of about 10 nM, primary meningioma cells at an IC50 of 
~20 nM, Nf2– mouse schwannoma cells at an IC50 of ~70 nM, ST-8814 MPNST at an IC50 of ~40 nM, and STS26T MPNST cells at an IC50 of ~10 
nM.  Silvestrol predominantly induces G2/M arrest in Ben-Men-1 and MPNST cells. Consistent with these findings, we found that silvestrol treatment 
decreases the levels of phospho-AKT, PAKs 1/2 and several cell cycle-associated proteins, including cyclins D1, A, and B, and PCNA.  Importantly, 
silvestrol treatment dramatically reduced tumor growth in mice bearing luciferase-expressing Nf2– mouse schwannoma or NF1– ST-8814-luc MPNST 
xenografts.  The potent antitumor effects of silvestrol indicate that it merits further investigation as a potential therapy for NF1- and NF2-associated 
tumors.

Full List of Authors: Janet L. Oblinger, PhD1,3, Sarah S. Burns, BA1,3, Jie Huang, MD, PhD3, Li Pan, PhD4, A. Douglas Kinghorn, PhD, DSc4, D. Bradley Welling, MD, PhD1, 
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Institute at Nationwide Children’s Hospital, 4Division of Medicinal Chemistry and Pharmacognosy, The Ohio State University College of Pharmacy
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Silvestrol: a novel translational inhibitor active against both 
NF1- and NF2-associated tumors

Janet L. Oblinger, PhD
The Ohio State University  
and Nationwide Children’s Hospital

A new inducible pre-clinical model and a novel strategy to 
understand and treat NF1 tibial pseudoarthrosis

Jean De La Croix Ndong, PhD 
Jeffrey Nyman, PhD,  
Elefteriou Florent, PhD 
Vanderbilt University

The bone healing process requires the sequential recruitment and coordination of distinct bone cells. This process is affected in 3-5% of NF1 
patients with tibial pseudoarthrosis (PA), however, the etiology of this defect remains unclear. Using the Tet-on/off Osx-cre transgenic mice, 
we recently developed a new mouse model (Nf1osx

-/-) in which Nf1 can be ablated in an inducible manner in periosteal osteoprogenitors. The 
main advantage of the Nf1osx

-/- model, compared to other NF1 mouse models, is that we can inactivate neurofibromin activity in the main cells 
contributing to bone healing at different time points, during development and during the various phases of the bone healing process, simply by 
stopping doxycycline treatment. Another significant advantage is that we can perform fracture studies in mice that are not dwarf. Nf1osx

-/- mice are 
characterized by low bone mass, high bone cortical porosity and osteoidosis. Compared to WT, bone marrow stromal cells (BMSCs) isolated from 
Nf1osx

-/- mice form a reduced number of alkaline phosphatase-positive (cfu-AP) colonies and mineralized alizarin red-positive (cfu-Ob) colonies, 
which was suggestive of impaired differentiation and/or mineralization.  Accordingly, the expression of osteoblast differentiation marker genes 
was decreased in Nf1-/- cells. Further investigations revealed the expression of Ank, a transporter of extracellular inorganic pyrophosphate (ePPi), 
Enpp1, an enzyme generating PPi, and Opn, an inhibitor of mineral nucleation was significantly increased in Nf1-/- cells, whereas the expression 
of Tnsalp, whose activity is to cleave PPi, was reduced. To determine the contribution of NF1 in bone healing, we assessed bone healing and 
biomechanical properties in a closed distal tibia fracture model in Nf1osx

-/- mice. During the 7- to 28 days post fracture period, callus formation 
was delayed in Nf1osx

-/- mice as measured by X-ray and uCT. bone volume  and volumetric bone mineral density measured by uCT were decreased 
in Nf1osx

-/- callus-bridging cortices and trabecular compartments compared WT mice. Three-point bending tests showed weak biomechanical 
properties of the calluses from Nf1osx

-/- mice compared to WT mice. Collectively, our data suggest a delay of bone healing in Nf1osx
-/- mice. 

Ultimately, the data generated in this study will allow us to test the efficacy of specific drugs in improving bone healing in Nf1osx
-/- mice and should 

provide crucial pre-clinical proof of concept data for further clinical studies. 
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Abstract: A large proportion of patients with schwannomas experience severe unremitting pain that is largely refractory to medical management, 
while schwannomas in other patients are entirely painless. Surgery is the current standard of care for the management of painful schwannomas. 
Pain may return after surgery due to the recurrence of tumors. When surgery is not possible, management in a multidisciplinary pain clinic is 
recommended, however existing therapies for neuropathic pain are largely ineffective for a majority of patients. We hypothesized that painful 
schwannomas show a difference in gene expression of pain related genes than in non-painful tumors. We isolated RNA from 4 patients with 
schwannomas who have reported pain, and underwent surgery for schwannoma removal due to pain, and 1 patient reporting little pain, who had 
schwannoma removal for another reason. We performed a pilot microarray study on these samples. Samples were analyzed using the Illumina 
Human HT-12 microarray. Differences in expression between the two groups were identified using the Ingenuity iReport software. Genes that were 
upregulated or downregulated at least 1.5 fold were considered “candidate genes” and used for further analysis. We detected 280 differentially 
expressed genes using the Ingenuity iReport software. We narrowed the list of potential candidates down to six based on potential involvement 
in pain phenotype based on pathway analysis and literature searches. Two candidate genes are upregulated in painful tumors, IFNGR1 and 
OSMR (upregulated 3.2 fold and 1.5 in painful tumors respectively). In addition, 4 candidate genes are downregulated in painful tumors, (SSTR2, 
SPTLC1, IFTIM1, and CAV1). This pilot study will provide new molecular targets to develop directed therapies to control neuropathic pain in 
schwannomatosis, but may also lead to new therapies for other types of neuropathic pain. Currently the neuropathic pain field is focusing on genes 
expressed in neurons, but considering the close interaction of the peripheral neuron and its Schwann cells, we need to consider the role Schwann 
cells play in development of neuropathic pain; schwannoma patients with pain may offer clues to a broader question in neuropathic pain field.

Funding support provided by the Johns Hopkins Neurosurgical Pain Institute

Additional Authors: Katelyn Donaldson1; Jaishri Blakeley, MD1,2,3; Allan Belzberg, MD3; Ahmet Hoke, MD, PhD1;   
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Identification of Pain Related Genes in Schwannoma Patients
Kimberly Laskie Ostrow, PhD
Department of Neurology,  
The Johns Hopkins School of Medicine, Baltimore, MD

The tumour suppressor Merlin has been widely studied for its role in the development of schwannoma tumours in patients with Neurofibromatosis 
Type 2, but its potential role in regulating myelination during development, Schwann cell plasticity and peripheral nerve repair has not been 
investigated. Following Schwann cell-specific knockout of Merlin at embryonic day 15 we observe a pronounced hypomyelination in peripheral nerve 
at early post-natal timepoints, together with decreased expression of myelin proteins and the key myelination regulator Krox20. At later timepoints, 
we also observed a decrease in myelination in Merlin null adult nerves as measured by an increased G-ratio. In vitro, Merlin loss in Schwann cells 
is associated with both an increase in the expression of several tyrosine kinase receptors (eg. ErbB2) as well as raised levels of mitogen activated 
protein (MAP) kinase signalling. In vivo, we also observe increased expression of several tyrosine kinase receptors and increases in MAP kinase 
signalling (eg ERK1/2 and p38 MAPK) in Merlin null Schwann cells. Following peripheral nerve injury, signalling though both the ERK1/2 and 
p38 MAP Kinase pathways is increased in Schwann cells and this signalling drives de-differentiation during Wallerian degeneration. In Merlin null 
nerves we observe a large increase in the MAP kinase signalling after injury compared to control animals. The effects of this increased MAP kinase 
signalling in Merlin null nerves upon Schwann cell de-differentiation and plasticity are currently been investigated. Next, we have investigated the 
control of functional repair in Merlin null peripheral nerves.  Using a novel wholemount staining protocol, we observe a significant decrease in 
the ability of axons to regenerate in Merlin null nerves using a nerve crush model of injury. Regeneration and repair of peripheral nerve following 
transection injury in Merlin null animals is currently being assessed.  Using a variety of approaches, we are currently investigating the changes in 
expression of a number of potential regulators of myelination and axonal regeneration that may underlie these observed phenotypes in Merlin null 
nerves.

Funding support provided by the Johns Hopkins Neurosurgical Pain Institute
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Examining the role of the Merlin tumour suppressor  
in peripheral nerve development and repair
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Abstract: In patients with Neurofibromatosis type I (NF1), a common tumor predisposition genetic disorder of the nervous system, 10% of patients 
develop Malignant Peripheral Nerve Sheath Tumors (MPNSTs), which is a major cause of NF1 patient mortality. Mouse modeling of NF1 suggests 
that loss of tumor suppressor Nf1 can lead to benign neurofibroma development, and further loss of p53 can drive the progression of these 
neurofibromas to MPNSTs. Previously, we showed that a population of neural crest-related stem/progenitor cells residing in the dermis termed Skin-
Derived Precursors (SKPs) as the cell of origin of NF1-associated dermal neurofibromas. We demonstrated that Nf1-deficient SKPs can give rise to 
neurofibromas, and further loss of p53 robustly generates MPNSTs in vivo, but the tumorigenic potential of Nf1-/- p53-/- SKPs pales in comparison to 
the cells derived from developed MPNSTs, suggesting loss of the tumor suppressors Nf1 and p53 is required but insufficient for MPNST development. 

Here we show that upon comparative transcriptome analysis of MPNSTs to their pre-tumorigenic counterparts ( Nf1-/- p53-/- SKPs), we identified a 
profound upregulation of HMTases (histone methyltransferase) in MPNSTs. The emerging role of HMTases in cancer development prompted us to 
determine their exact roles in MPNST development. We found that inhibiting the levels of HMTase Setd7 attenuates both in vitro growth and in vivo 
tumorigenesis of mouse MPNSTs.  Additionally, we show a conserved role for Setd7 in human MPNST cells.  These promising data suggest a role for 
HMTases in MPNST tumorigenesis, and provide a foundation for future studies aimed towards elucidating a mechanism of action and evaluating the 
therapeutic benefit of HMTase inhibitors in our mouse and human MPNST tumor models.

Full List of Authors: Chiachi Liu, Lu Q. Le MD/PhD, University of Texas Southwestern Medical Center at Dallas.
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ABCC transporters mediate doxorubicin resistance in Malignant 
Peripheral Nerve Sheath Tumors: Validation of molecular-
guided therapy predictions in vitro

Jacqueline D. Peacock PhD 
Van Andel Institute, Grand Rapids MI

Introduction: Malignant peripheral nerve sheath tumors (MPNSTs) are sarcomas that affect approximately 10% of people with neurofibromatosis type 
1 (NF1). In contrast to benign neurofibromas, MPNSTs are highly aggressive sarcomas associated with poor prognosis. Due to TOP2A overexpression 
in these tumors, doxorubicin is often the targeted therapeutic of choice, in combination with alkylating agents and radiation. However, treatment-
refractory disease is common and the mechanisms of resistance are not fully understood. One common mediator of doxorubicin resistance in other 
cancers is drug efflux by multi-drug resistance proteins in the ATP-binding cassette (ABC) transporter family. These transporters actively export drugs 
such as doxorubicin from the cell. Here, we demonstrate increased expression of ABC family multi-drug resistance genes in MPNST cell lines and 
associated doxorubicin resistance.

Methods and Results: Unbiased, molecular-guided therapy predictions were based on in silico analysis of published microarray data from human 
MPNST samples and MPNST-derived cell lines. One striking result from this analysis was high expression of the multidrug resistance protein, ABCC1. 
Quantitative, real-time PCR confirms high ABCC1 expression in MPNST but not benign neurofibroma-derived cell lines. We confirmed the functional 
effects of ABCC1 overexpression by demonstrating sensitization to doxorubicin following pretreatment with the ABCC1 antagonist, verapamil. Hoescht 
dye exclusion assays identified a sub-population of cells in the NF94 and NF96 cell lines that exclude dye, and this effect is blocked with verapamil. 

Conclusions: These results validate the molecular-guided therapy predictions and may indicate that ABCC1 channel blockade or alternative targeted 
therapies will enhance doxorubicin treatment in patients with ABC-overexpressing sarcomas.

Full List of Authors: Jacqueline Peacock PhD Van Andel Institute, Kevin Kampfschulte, Van Andel Institute;  Mallory Smith, Hope College; David Cherba, PhD, Van Andel 
Institute; Craig Webb, PhD, Van Andel Institute; Matthew Steensma MD, Van Andel Institute, Spectrum Health Division of Orthopedic Oncology, and Michigan State 
University College of Human Medicine
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Overexpression of the lysophosphatidic acid generating 
enzyme autotaxin/ENPP2 potentially contributes to the 
pathogenesis of neurofibromatosis type 1-associated 
peripheral nerve sheath tumors

Lafe T. Peavler, B.S.  
The University of Alabama at Birmingham

Malignant peripheral nerve sheath tumors (MPNSTs) are the most common malignancy and the leading cause of death in patients with 
neurofibromatosis type 1 (NF1). As MPNSTs are resistant to radiotherapy and currently available chemotherapeutic regimens, understanding the 
molecular pathways driving the pathogenesis of these tumors could identify new therapeutic targets. It has been proposed that the lipid mitogen 
lysophosphatidic acid (LPA) interacts with NF1 loss in Schwann cells to drive peripheral nerve sheath tumor pathogenesis as this mitogen 
promotes the proliferation, migration and survival of Schwann cells and LPA effects are exaggerated in Nf1-/- Schwann cells. LPA is produced by the 
phospholipase D autotaxin (ATX)/ENPP2 from lysophospholipids such as lysophosphatidylcholine. ATX overexpression has been implicated in the 
pathogenesis of multiple tumor types arising at other sites in the body and the ENPP2 gene is located in a chromosomal region that is amplified in 
a major subset of MPNSTs.  These observations led us to hypothesize that ATX overexpression promotes MPNST pathogenesis. In support of this 
hypothesis, we have found that ATX protein and mRNA are expressed in surgically resected MPNSTs and MPNST cell lines and at levels much higher 
than are evident in non-neoplastic human Schwann cells. MPNST cells express several alternatively spliced ENPP2 transcripts that encode multiple 
functional ATX proteins including alpha, beta and gamma isoforms. Immunohistochemical analyses of normal human sciatic nerve and a series of 
surgically resected dermal neurofibromas, plexiform neurofibromas, MPNSTs and schwannomas demonstrated extensive ATX immunoreactivity in all 
of these tumor types, whereas only very rare ATX immunoreactive cells were identified in normal nerve. Further, cell numbers are reduced in MPNST 
cultures treated with the ATX inhibitor PF-8380, indicating that ATX promotes the proliferation and/or survival of these cells. These findings support the 
hypothesis that ATX overexpression promotes MPNST pathogenesis and suggest that ATX may be a useful therapeutic target in MPNSTs. To further 
test the hypothesis that ATX overexpression interacts with Nf1 loss to promote MPNST pathogenesis, we are now generating a transgenic mouse 
capable of Schwann cell-specific Cre-inducible expression of ATX beta. 

Full List of Authors: Stephanie J. Byer, BS, Kevin A. Roth, MD, PhD, and Steven L. Carroll, MD, PhD  Department of Pathology, University of Alabama at Birmingham, 
Birmingham, AL.

Funding Support: NIH and DOD.

Neurofibromatosis Type 2 (NF2) is caused by loss of function mutations in the Neurofibromatosis 2 (NF2) gene and is characterized by formation 
of multiple schwannomas and meningiomas. The NF2 gene encodes a tumor suppressor called merlin. Loss of merlin function is associated with 
increased levels of active Rac and p21-activated kinases (PAK) in schwannomas.  The dual serine/threonine and tyrosine LIM domain kinases (LIMK1 
and 2) are substrates for Cdc42/Rac-PAK.  LIMK modulates actin dynamics and cytoskeletal organization by phosphorylating cofilin on serine-3 and 
inactivating its actin severing and depolymerizing activity.  LIMK also translocates into the nucleus and regulates cell cycle progression.  Significantly, 
LIMK is over-expressed in several tumors including skin, lung, breast, liver and prostate. Here we report that mouse Schwann cells (MSC) with loss of 
merlin function due to deletion of Nf2 exon2 (Nf2deltaEx2) have increased levels of LIMK1, LIMK2 and active pThr508/505-LIMK1/2 as well as pS3-cofilin 
compared to control MSC. Similarly, LIMK1 and 2 protein levels and their active phosphorylated form are elevated in human vestibular schwannomas 
compared to control human Schwann cells. Reintroduction of wild type NF2 into Nf2deltaEx2MSC normalizes the levels of LIMK1 and 2. We show 
that BMS-5, a small molecule LIMK inhibitor, decreases Nf2deltaEx2MSC viability in a dose dependent manner without significantly reducing control 
MSC viability. Similarly, LIMK knock-down decreases Nf2deltaEx2MSC viability. The loss of Nf2deltaEx2MSC viability was not due to caspase-dependent 
or -independent apoptosis, but rather to inhibition of cell cycle progression by trapping cells in the G2/M phase. Our results suggest that LIMK is a 
potential drug target for NF2 and merlin deficient related cancers therapy.
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Consider 4 points about neurofibromas. 
•	 An early human neurofibroma is not a tumor; more realistically, it’s a wound, the cells and intercellular substances comprising granulation 

tissue. 
•	 No human NF1 neurofibroma has a documented somatic second hit to account for its initiation. 
•	 Current genetically-engineered animal models requiring somatic mutations for neurofibroma initiation may not represent human neurofibroma 

initiation. 
•	 It has become dogma that any accumulation of cells manifesting DI is necessarily a tumor, with consequent ongoing, indefinite proliferation. 

This presentation specifically challenges the fourth point – that diploinsufficiency (DI) establishes a lesion as a tumor – while emphasizing the first 
point. Accounting for an NF1 haploinsufficient (HI) Schwann cell (SC) before it becomes NF1 DI is critical to understanding human NF1 neurofibroma 
initiation, progression and potential treatment. Beyond the lack of documentation that a human NF1 neurofibroma results from an NF1 2nd hit, 
there are instances of human NF1 DI absent a tumor in any sense, including CLS and aberrant osteoclasts. If an NF1 CLS derives from an NF1 DI 
melanocyte (MLC), it’s a clone, the progeny of a single NF1 2nd  hit. Knowing the number of MLC in the CLS, we can calculate the number of cell 
divisions necessary to achieve that number and how many days it took to form the CLS. Based on 4 independent publications, the average MLC 
density of a typical NF1 CLS can be conservatively estimated at 2,000 MLC/mm2. For a 3 cm x 5 cm elliptical CLS, the average total number of MLC 
is 2,356,000, which would require only 20-21 cell cycles for a clone of that size. For a 4 cm circular CLS, the number of MLC is 2,512,000, requiring 
only 21-22 cell cycles for that size. At one cell cycle per day, it takes 21-22 days to form a modest-sized CLS; for a 3-day cell cycle, 66 days. Since 
NF1 CLS have more or less reached their final size at birth, a moderate-sized CLS has stopped growing after 21-66 days. (Or, after a certain size, 
there is an ongoing balance of MLC gain and loss.) There is NO indefinite proliferation of an NF1 DI MLC clone. There is a limit. DI does not equate 
with (excessive) proliferation ad infinitum. DI does not require that a lesion enlarge or that it be a tumor.

NF1 Diploinsufficiency Does Not Require an NF1 Lesion to be a 
“Tumor.”

Vincent M. Riccardi, MD 
The Neurofibromatosis Institute

Forward genetic screen for malignant peripheral nerve sheath 
tumor formation identified Foxr2 as a novel proto-oncogene that 
significantly influences human MPNST tumorigenic properties

Eric P. Rahrmann PhD 
University of Minnesota Masonic Cancer Center 

Malignant peripheral nerve sheath tumors (MPNSTs) are sarcomas of Schwann cell-lineage origin that occur sporadically or in association with the 
inherited syndrome, Neurofibromatosis Type 1. To identify genetic drivers of MPNST development, we utilized the Sleeping Beauty (SB) transposon-
based somatic mutagenesis system in mice with somatic loss of tumor protein p53 (Trp53) function and/or overexpression of epidermal growth factor 
receptor (EGFR). We identified several novel proto-oncogenes including forkhead box R2 (Foxr2). 

FOXR2 is a novel gene with unknown function.  Immunohistochemical analysis of a human tissue microarray demonstrated increased cytoplasmic 
FOXR2 expression in MPNSTs compared to neurofibromas.  FOXR2 mRNA and protein levels were increased in MPNST cell lines compared to normal 
Schwann cells and CDK4/TERT immortalized human Schwann cells (iHSCs). 

To explore the role of FOXR2 in MPNST formation, we developed constructs to overexpress the full-length cDNA or knock out the gene using TAL-
effector nucleases (TALENs) in iHSCs and MPNST cell lines.  Modulation of FOXR2 expression has minor effects on proliferation in vitro, whereas 
effects on anchorage independent growth and tumorigenicity are more profound. shRNA-mediated FOXR2 knockdown in STS26T and S462-TY cell 
lines confirmed the FOXR2 TALEN results in vitro.

To understand the mechanism of FOXR2 action in tumorigenesis, we performed RNAseq on iHSCs overexpressing FOXR2.  Luciferase overexpression 
served as the control.  We identified 30 genes with 10-fold or greater changes in mRNA expression compared to luciferase control.  These included 
cell adhesion (AMTN, SPP1, CD33, FBLN5, CYTIP), metalloprotease (SERPINB7, CPA3, TIMP3, RELN), and cytoskeletal (TMSB15A, KRT80, SDC1) 
related genes.  Additionally, Ingenuity Pathway Analysis of the 740 genes upregulated greater than 2-fold identified an activated c-MYC signature  
(z-score = 3.199, p=7.51E-06).  

Collectively, these data demonstrate an oncogenic role for FOXR2 in human MPNST maintenance.  Future experiments exploring the mechanism of 
FOXR2 may identify key therapeutic targets for human MPNST treatment.

Full List of Authors: Branden Moriarity B.S., Rebecca LaRue PhD, George Otto, Adrienne Watson B.S., Aaron Sarver PhD, David Largaespada PhD, University of 
Minnesota Masonic Cancer Center; Margaret Wallace PhD, University of Florida Gainesville, Kwangmin Choi PhD, Nancy Ratner PhD, Cincinnati Children’s Hospital 
Medical Center.
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The NF1 haploinsufficient/heterozygous (HI/HZ) neurofibroma presents a superb, but overlooked, opportunity for treatment – before the lesion 
becomes a “tumor” defined by the presence of NF1 diploinsufficient/nullizygous (DI/NZ) Schwann cells (SC). Keying off the notion that a “second 
hit,” a somatic mutation, accounts for many heritable tumors, plus the fact that some human NF1 neurofibromas manifest an NF1 somatic mutation, 
NF1 neurofibromas are automatically construed as tumors. This logic ignores the fact that the earliest stages of human NF1 neurofibroma initiation 
and progression have never been shown to contain NF1 DI SC. I have proposed that there are 8 phases of progression from neurofibroma initiation 
through sarcoma development, with only Phases 5-8 manifesting NF1 SC DI (J.Jpn.Soc.Recklinghausen Dis. 2010;1:8-10). Phases 1-4 more 
accurately represent the granulation tissue of wound healing, the dynamics of which are driven by the NF1 HI SC, facilitated substantially by NF1 HI 
mast cells (MC). Precisely as part of the granulation tissue phases (1-4), 5 additional cell types are critical: fibroblasts (FB), endothelial cells (EC), 
pericytes (PY), fibrocytes (FC) and macrophages (MG). 

This presentation will clarify how the neurofibroma wound – the granulation tissue – is a compelling target for therapy before (or in the early phase 
of) SC NF1 DI. The microenvironment defined by the combined presence of SC, MC, FB, EC, PY, FC, MG and, likely, lymphocytes, is not merely 
a “microenvironment” of a “tumor” with a single neoplastic cell, the NF1 DI SC: the milieu representing the sum of all of these cells and their 
interactions is the lesion to be targeted. The neurofibroma lesion represented by phases 1-4 is wound-healing gone awry, granulation tissue that 
cannot mature into a properly contracted, diminutive scar. 

The 8 phases of neurofibroma initiation and progression are as follows. 0 = Baseline (intact SC-axon complex); 1 = Disruption (initial response); 
2 = MC inflammation; 3 = Normoxic Nonclonal; 4 = Hypoxic Nonclonal; 5 = SC Clonal; 6 = Atypical Early/Slower; 7 = Atypical Late/Faster; 8 = 
Sarcoma. Note that the sarcoma may not be limited to an MPNST. Moreover, the molecular and cellular biology of individual types of sarcomas does 
not afford reconstruction of Phases 1-5. For example, it has not been documented that the somatic 2nd hit is consistently the same in Phases 5 and 8. 

The Early Neurofibroma as Schwann Cell Directed Granulation 
Tissue: Macrophages, Pericytes and CD34+ Fibrocytes

Vincent M. Riccardi, MD 
The Neurofibromatosis Institute

There is emerging evidence for reduced muscle mass and/or muscle weakness in children with Neurofibromatosis type 1 (NF1). We aimed to use 
advanced conditional mouse models to explore the function and underlying mechanism of action of NF1 in muscle. 

Prior analyses of the Nf1+/- line revealed no differences in in overall weight, lean tissue mass, fiber size, or grip strength. To further examine the 
functional role of NF1 in muscle, a MyoD-cre transgene was introduced to the Nf1flox/flox strain to generate Nf1muscle

-/- mice. These mice showed a 
failure to thrive and neonatal lethality. No differences in fiber size relative to fiber type proportions were observed, but electron microscopy indicated 
an increase in intramyocellular lipid accumulations that was confirmed by Oil Red O staining. To further examine NF1 function in more mature 
muscle, we utilized samples collected from limb-specific Nf1Prx1

-/- conditional knockout mice (Prx1-cre × Nf1flox/flox). These mice also showed 
increased intracellular lipid, which represented a 10-fold increase in muscle triglyceride content. Mitochondrial enzyme analysis showed a significant 
increase in the activity of SDH, BHAD, and MCAD in the Nf1Prx1

-/- mice, as well as an increase in Fatty Acid Synthase (FAS) enzyme levels by western 
blot. The data presented in this study support the hypothesis that NF1 is essential for normal muscle function. Furthermore, these data are the first 
to suggest a direct link between NF1 and mitochondrial fatty acid metabolism.

Full List of Authors: Kate Sullivan, PhD1†, Jad El-Hoss, PhD1,2†, Kate Quinlan, PhD2,3, Nikita Deo, BMedSci(Hons)1,2, Fleur Garton, BSc(Hons)2,3, Jane Seto, PhD2,3, 
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1Orthopaedic Research & Biotechnology Unit, The Children’s Hospital at Westmead, Sydney, Australia. 2Discipline of Paediatrics and Child Health, Faculty of Medicine, 
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Intramyocellular lipid accumulation and neonatal lethality  
in a muscle-specific knockout of NF1
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P21-activated kinase (Pak) Ser/Thr kinases are important effectors of Rho family GTPases that are implicated in the regulation of cell morphology and 
motility as well as cell proliferation and survival. Amplification and mutations of Pak isoforms, in particular Pak1 and Pak4, have been detected in a 
variety of tumors, suggesting that these kinases represent potential therapeutic targets in cancer.  While the role of Pak1 in tumorigenesis has been 
relatively well studied, the role of Pak4 in cancer is less well established. 

Here, we demonstrate that the knock down of either Pak1 or Pak4 inhibit proliferation of several distinct NF1-deficient MPNST cell lines. These 
effects are associated with disruption of the PI3K – Akt, but not the Raf – Mek – Erk, signaling pathway. Small molecule inhibitors of Pak1 and Pak4 
recapitulate these effects, showing potent inhibition of MPNST growth in a xenograft model. These data suggest that both Pak1 and Pak4 play a role in 
MPNST pathophysiology, and that inhibitors of these kinases could represent therapeutic targets in NF1-related tumors.

Full List of Authors: Galina Semenova, MS; Jonathan Chernoff, MD, PhD, Fox Chase Cancer Center, Philadelphia, PA.

Funding Support: US Department of Defense CDMRP Neurofibromatosis Research Program Awards.

Pak1 and Pak4 inhibition affects NF1-associated MPNST  
cell proliferation

Galina Semenova, MS
Fox Chase Cancer Center, Philadelphia, PA

The tumor suppressor function of the nf2 gene product merlin has been well defined.  However, much less is known about the function of the 
protein in normal development and myelination by Schwann cells.  Here we show inactivation of merlin function early in in vitro development inhibits 
differentiation of Schwann cells and prevents myelin formation. We utilized DRG explant cultures taken from transgenic mice harboring an nf2 gene 
with a floxed exon 2 and used an adeno-virus to drive Cre expression and inactivate merlin in culture.  Schwann cells with inactive merlin lack the 
stereotypical morphology of differentiated cells and continue to express immature Schwann cell markers while grown in the presence of neurons.  
Furthermore, these cells do not form myelin upon induction by ascorbic acid.  These findings reveal an essential role for merlin in development of 
peripheral myelin.  Moreover, the work presents a possible mechanism involved in schwannoma development in Neurofibromatosis Type II patients 
whereby Schwann cells with nonfunctional merlin fail to differentiate and instead proliferate.

Full List of Authors: Stephan Lambert, PhD, University of Central Florida, Cristina Fernandez-Valle, PhD, University of Central Florida.

Funding Support: NIH.

Loss of Merlin Function Prevents Myelin Formation  
in Schwann Cells

Nicklaus Sparrow
Burnett School of Biomedical Sciences, College of 
Medicine, University of Central Florida

The male prevalence in brain tumor incidence has been well documented by clinical research but the reason for this sexual disparity is poorly 
understood. More interestingly, the sex difference in the brain tumor rates exists in both adult and pediatric populations and the incidence of pediatric 
brain tumors peaks in children younger than 4 years of age, when circulating sex hormones levels are equivalently low in males and females, 
suggesting that the sex difference in the incidence of brain tumors is unlikely due to the actions sex hormones. In the current study, we sought to 
determine whether the cell-intrinsic sex differences may play a role in determining the sexual disparity in the oncogenesis of brain tumors. 

To explore the impact of sex on brain tumor formation, we established a transformation model system for malignant gliomagenesis by using murine 
astrocytes. Male and female astrocytes were rendered nullity for two major tumor suppressors neurofibromin (Nf1) and p53 in a step-wise fashion, 
resulting in Nf1-/-;p53-/- astrocytes. Nf1-/-;p53-/- astrocytes were either treated with epidermal growth factor (EGF) in vitro, or implanted into 
immune-compromised mice. EGF treatment led to in vitro transformation of Nf1-/-;p53-/-astrocytes but only in male cells, and this result was further 
supported by limiting dilution analyses. In line with these data, we further demonstrated that male Nf1-/-;p53-/- cells have a higher percentage of 
glioma stem cells than female counterparts. Furthermore, subcutaneous implants of Nf1-/-, DN-p53 cells into nude mice led to a male predominant 
tumor growth pattern. Survival analyses on the nude mice with intracranial implants of the Nf1-/-;p53-/- cells demonstrated a sex-dependent survival 
pattern with100% death in mice bearing male Nf1-/-;p53-/-  cells vs. 36% death in mice carrying the female counterparts. Lastly, gene expression 
profiling by microarray revealed an enhanced sex difference in gene expression as a function of oncogenesis. Taken together, our data strongly 
suggested that it is the cell-intrinsic sex differences rather than circulating sex hormones that determine the sexual disparity in glioma rates, and there 
is a potential interaction between sex and specific tumor initiating events during oncogenic progression.

Full List of Authors: Tao Sun*, Nicole M. Warrington, Jingqin Luo, Michael Brooks, Sonika Dahiya, Rajarshi Sengupta and Joshua B. Rubin
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Much morbidity of the developmental disease, neurofibromatosis, type 1, occurs in the nervous system, and often manifests as tumorigenesis in 
both peripheral and central nervous systems.  Given their unique properties of self-renewal and multi-lineage differentiation, neural stem cells have 
been postulated to be regulated by neurofibromin 1 (NF1) and may contribute to disease development upon NF1 loss of function.  Recent work has 
suggested that neural stem cell fate potential may be altered or impaired upon NF1-inactivation.  However, the biological function of NF1 in neural stem 
cells remains unclear due to limitations and complexity of NF1 disease models used to date.

To address this fundamental question, we have directly genetically targeted adult hippocampal neural stem cells, in vivo, for cell-autonomous 
inactivation of NF1 and observed consequences of such manipulation with high temporal and cellular resolution.  Adult hippocampal neural stem cells 
possess hallmark stem cell properties of long-term self-renewal and generation of new neurons and astroglia, but not oligodendroglia.  Surprisingly, 
we found that NF1-inactivated stem cells generated oligodendrocyte progenitor cells (OPCs).  Some NF1-inactivated neural stem cells were found to 
express Olig2, an important oligodendrocyte lineage-specifying transcription factor.  Long-term clonal lineage tracing further showed that some stem 
cell clones contained OPCs, in some cases alongside other lineages.  These data suggest that NF1 directly regulates fate choice of adult neural stem 
cells and may normally actively restrict stem cell potential.  Our findings provide insight into basic NF1 biology, which could aid ongoing research 
investigating therapeutics for neurofibromatosis, type 1.  Importantly, our data suggest the possibility that oncogenesis in NF1 disease could also be 
due in part to mis-regulation of stem cell multi-lineage fate potential.

Additional Authors: Shiori Ito; Michael A. Bonaguidi, PhD; Genevieve Stein-O’Brien, B.S.; Guo-li Ming, M.D., PhD; Hongjun Song, PhD
Johns Hopkins University 
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Neurofibromin 1 and regulation of adult neural stem cell 
characteristics

Gerald J. Sun, BS
IThe Solomon H. Snyder Department of Neuroscience, 
Institute for Cell Engineering, Johns Hopkins University

Goyazensolide and cucurbitacin D, two plant-derived natural 
compounds, possess potent growth-inhibitory activity in 
schwannoma and meningioma cells

Samuel A. Spear, MD 
The Research Institute at Nationwide Children’s Hospital 
and The Ohio State University College of Medicine

Objectives: Currently, no FDA-approved drugs are available for NF2-associated tumors. In this study, we investigated the cell-cycle and antitumor 
effects of two plant-derived natural compounds, cucurbitacin D and goyazensolide, in schwannoma and meningioma cells, the most frequent tumors 
seen in patients with NF2.  

Methods: Various concentrations of cucurbitacin D and goyazensolide were used to treat Nf2-deficient mouse schwannoma Sch10545 and human 
benign meningioma Ben-Men-1 cells.  The effect on cell proliferation was determined using resazurin and TUNEL assays.  Flow cytometry was used 
to assess the cell cycle profiles. Western blot analysis was performed to investigate the expression of various signal molecules related to the cell 
cycle and the AKT pathway. 

Results: Cucurbitacin D inhibited proliferation of Sch10545 cells (IC50 ~0.75 µM) and Ben-Men-1 cells (IC50 ~0.2 µM). Goyazensolide also reduced 
cell proliferation of Sch10545 cells (IC50 ~0.9 µM) and Ben-Men-1 cells (IC50 ~1 µM). The G2/M population increased in both Sch10545 and Ben-
Men-1 cells treated with cucurbitacin D or goyazensolide around the IC50. Cucurbitacin and goyazensolide substantially reduced the levels of cyclins 
E and A in Sch10545 and Ben-Men-1 cells. Cucurbitacin D also inhibited cyclin B, phospho-AKT and phospho-PRAS40 expression. In addition, 
goyazensolide reduced the levels of phospho-AKT and NFκB and increased the expression of pro-apoptotic Bim in Sch10545 and Ben-Men-1 cells.

Conclusions: Both cucurbitacin D and goyazensolide effectively inhibit proliferation of NF2-deficient schwannoma and meningioma cells, suggesting 
that these natural compounds should be further evaluated as potential treatments for NF2-related tumors.

Full List of Authors: 1,2Samuel A. Spear, MD, 1,2Sarah S. Burns, BA, 1,2Janet L. Oblinger, PhD, 4Yulin Ren, PhD, 4Li Pan, PhD, 4A. Douglas Kinghorn, PhD, 2D. Bradley 
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The thalamus is a highly interactive structure, with widespread connections to multiple cortical regions, that provides selection and transformation of 
different sensory inputs to the cortex. It also sets brain rhythms, responsible for sensory gating, inhibitory control and coordination. Previous studies 
have revealed visual and thalamic abnormalities in NF1; however, it is not known whether thalamocortical connectivity is affected in the disorder. To 
investigate this possibility, we examined functional connectivity in intrinsic low-frequency blood-oxygen-level-dependent (BOLD) signal fluctuations 
between the visual cortex and thalamus, in two conditions that induce changes in local brain activity and functional connectivity, eyes open and eyes 
closed conditions. 

We studied 19 children and adolescents with NF1 (mean age 13.1, 14 females) and 26 controls (mean age 12.8, 16 females). Participants alternated 
between resting-state blocks of eyes open and eyes closed conditions (3 blocks per condition, lasting 2 min each). The visual cortex [Brodmann 
area (BA) 17 and 18] and the thalamus were negatively correlated for both the eyes open and eyes closed conditions in both patients and controls. 
Interestingly, while in the eyes closed condition there was no difference in the thalamocortical connectivity between patients and controls (p>0.5), 
there was a significant deficit in connectivity in patients for the eyes open condition (p<0.05). 

These findings suggest a reduction of thalamic control over cortical processing during eyes open in NF1, which may be related to the difficulties 
in attentional control observed in these patients. These results are in agreement with our previous findings of abnormal alpha brain oscillations, an 
inhibitory brain rhythm set by the thalamus, and indicate dysfunctional regulation of the thalamocortical connectivity in patients with NF1. 

There is a strong possibility that this impairment could originate from neurochemical alterations in patients with NF1, particularly, in the GABAergic 
system. To investigate this we measured GABA levels in the visual cortex of the same participants, using magnetic resonance spectroscopy. We hope 
that our multimodal approach will help to understand the impact of biochemical changes in sensory processing and attentional mechanisms.

Additional Authors: Maria J. Ribeiro, PhD, University of Coimbra; Miguel Castelo-Branco, MD, PhD, University of Coimbra.

Funding: COMPETE PTDC/SAU-ORG/118380.

Disrupted thalamocortical connectivity in NF1
Inês R. Violante, PhD
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Transcriptional Imbalances in malignant peripheral nerve 
sheath tumors may represent signatures of passenger  
gene expression 

Ernest Terribas, MSc 
Institute of Predictive and Personalized Medicine  
of Cancer (IMPPC), Badalona, Barcelona, Spain

Malignant peripheral nerve sheath tumor (MPNST) represents 3–10% of all soft tissue sarcomas and around half of them are associated to NF1. 
Approximately 8–13% of NF1 patients develop MPNSTs, which are the leading cause of NF1-related mortality, being the 5-year survival rate of NF1 
patients with MPNST of 21%. The identification of genomic regions that are frequently altered in cancer represents a powerful way to discover genes 
contributing to tumorigenesis. MPNSTs present a high degree of genomic instability and frequently altered genomic regions have been identified in a 
high percentage of these tumors. In this regard, it is necessary to identify and separate within these regions driver genes that causally contribute to 
tumor development and progression from those that have no effect in the generation of the tumor and are just passenger.

Our group has performed a thorough characterization of a set of MPNSTs and derived cell lines at genomic and epigenomic levels by analyzing 
somatic copy number alterations (SCNAs), loss of heterozygosity (LOH), exome-based mutation profiles, DNA methylation and histone modifications. 
Based on the genomic mapping of differential expression data between MPNSTs and benign neurofibromas obtained from the NF1 Microarray 
Consortium, we identified in MPNSTs a set of clusters of over- and under-expressed genes called Transcriptional Imbalances (TIs). Our results 
suggest that most TIs are explained by the complex SCNA landscape of MPNSTs and that some other TIs may be caused by the presence of 
epigenetically silenced regions. 

We are currently addressing whether TIs mainly represent signatures of passenger gene expression by studying the role of some highly expressed 
genes present in TIs in the tumorigenic capacity of MPNST-derived cell lines. Our preliminary results support this view since many overexpressed 
genes present in TIs do not confer tumorigenic properties to MPNST cell lines. We propose that TIs have a profound impact on the differential 
analysis of gene expression and should be used to better filter driver genes of MPNST progression. 

Full List of Authors: Ernest Terribas, MSc, IMPPC; Bernat Gel, MSc, IMPPC; Josep Biayna, MSc, IMPPC; Juana Fernández-Rodríguez, PhD, Hereditary Cancer Program 
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Large NF1 deletions encompassing the NF1 gene and its flanking regions are present in ~5% of patients with NF1. An estimated 10% of all large NF1 
deletions have non-recurrent breakpoints and are heterogeneous in terms of their size, breakpoint position and number of deleted genes. Whereas the 
mechanisms underlying recurrent NF1 deletions of type-1 and type-2 have been investigated in greater detail, those underlying non-recurrent (also 
termed atypical) NF1 deletions are not well delineated. In the study presented here, we investigated 21 atypical NF1 deletions which were initially 
identified by MLPA. By means of custom array CGH we determined that the 21 deletions are highly variable in size, encompassing 519-kb up to 
5.9-Mb. The aim of our study was to characterize the deletion breakpoints at highest resolution by means of breakpoint-spanning PCRs and sequence 
analysis of the corresponding products in order to identify the underlying mechanisms causing the deletions. Ten of the 21 atypical NF1 deletions 
proved to be mediated by non-homologous end joining (NHEJ) as concluded from the absence of or only minor (1-2bp) homology at the breakpoints 
which did not show further small-scale rearrangements. Three of the 21 atypical NF1 deletions were most likely caused by microhomology-mediated 
end joining (MMEJ) since homologies of 24-bp, 33-bp and 37-bp were detected at the breakpoints. In the remaining 8 of the 21 atypical NF1 deletions, 
the breakpoints were narrowed down to a few kb by MLPA and array CGH, however breakpoint-spanning PCRs with primers located within non-
deleted regions closely flanking the putative breakpoints were not possible suggestive of additional rearrangements at the breakpoints of the large NF1 
deletions. Notably, 15 (71%) of the 21 atypical NF1 deletions analysed exhibited centromeric breakpoints located within a region of 38-kb in the SUZ12 
pseudogene. The enrichment of atypical NF1 deletion breakpoints within SUZ12P is remarkable since also the breakpoints of the recurrent type-2 NF1 
deletions are located in SUZ12P. We conclude that SUZ12P is a preferential target for DNA double strand breaks (DSBs) or replication-based errors in 
the proximal NF1 gene region.

Furthermore, our analysis suggests that a considerable proportion of atypical NF1 deletions is of postzygotic origin. In 11 of the 21 atypical deletions, 
FISH was performed on blood lymphocytes and 6 of these 11 deletions exhibited mosaicism with normal cells (55%). The proportions of cells 
harbouring the deletion were in the range of 71% - 98.5%. The high rates of deletion carrying cells detected might reflect an ascertainment bias since all 
21 NF1 deletions were initially identified by MLPA, a method which detects deletions with accuracy if more than ~70% of cells harbour the respective 
deletion. Hence, mosaic atypical NF1 deletions present in less than 70% of cells are not detected by MLPA and are therefore not included in our study. 
The proportion of patients harbouring a NF1 deletion present in less than 70% of cells is unknown so far. Our study implies that somatic mosaicism with 
normal cells needs to be considered not only in patients with type-2 NF1 deletions but also in patients with atypical NF1 deletions as observed in this 
study since the frequent postzygotic origin of these deletions impacts upon phenotype/genotype correlations as well as transmission risk. 

Full list authors: Kathrin Bengesser Dipl. Biol., University of Ulm; Kathleen Claes PhD, Ghent University Hospital; Katharina Wimmer PhD, Medical 
University Innsbruck; Ludwine Messiaen PhD, University of Alabama at Birmingham; Lan Kluwe PhD, University Hospital Hamburg; Victor-Felix Mautner 
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Kinase Suppressor of Ras 1 (KSR1) Regulates the 
Transformation of Human Schwannoma Cells

Lu Zhou, PhD
Hanemann, C Oliver, MD PhD 
Plymouth University Peninsula Schools of Medicine  
and Dentistry

Accumulated evidence suggests that the Ras/Raf/MEK/ERK pathway plays a crucial role in the development of NF2 and NF1-related tumors. The anti-
proliferation/tumor-growth ability of MEK inhibitors has been shown in our human schwannoma model and NF1 models. However drug specificity, 
side effects and drug resistance are problems when treating patients with inhibitors of this ubiquitous pathway and therefore a more specific 
therapeutic target would be useful. Scaffold proteins have been shown to ensure specificity of cellular signaling by providing spatial and temporal 
control in these universal pathways. In this project, we ask the relevance of a highly specific scaffold protein for the Ras/Raf/MEK/ERK pathway, 
Kinase Suppressor of Ras 1 (KSR1) in the development of schwannomas. Our preliminary data show that knockdown of KSR1 with lentiviral shRNA 
reverts multipolar tumor cells back to bipolar normal cell-like morphology in human primary schwannoma cells. Expression of KSR1 active mutants 
in Schwann cells increases the number of multipolar cells. Suppression of KSR1 also showed negative effects on adhesion and focal adhesion. 
Proliferation assay show that knockdown of KSR1 leads to 80% of reduction in Ki67 index which is specifically induced by platelet-derived growth 
factor in schwannoma cells. In addition, suppression of KSR1 increased the sensitivity of staurosporine induced apoptosis in human schwannoma 
cells. Taken together we conclude that KSR1 is relevant to the development of NF2-related tumors and could be a potential therapeutic target for 
NF2 and could add specificity to inhibiting oncogenic Ras-ERK signaling. KSR1 antisense oligonucleotide (AS-ODN) has already been tested in a 
preclinical trial for pancreatic cancer and this will facilitate translating our KSR1 research into the clinic.
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Neurofibromatosis type 1 patients are predisposed to develop benign neurofibromas, but signaling pathways that drive neurofibroma formation 
remain largely unknown. We performed an unbiased insertional mutagenesis screen using the Sleeping Beauty Transposon system and identified 
the Stat3 pathway as a potential neurofibroma driver. Immunohistochemistry confirmed high phosphorylated Stat (Tyr705) in human and mouse 
neurofibromas. Reducing EGFR activity strongly reduced pStat3 in vitro and in vivo. The specific Jak2/Stat3 inhibitor FLLL32 blocked neurofibroma-
sphere formation in vitro, and reduced neurofibroma growth in vivo. Targeted genetic deletion of Stat3 in Schwann cell precursors and Schwann cells 
significantly delayed neurofibroma formation in vivo. RNASeq based analysis identified altered cytokine/chemokine pathways in response to FLLL32, 
and genetic and pharmacological inhibition of Stat3 significantly reduced tumor associated macrophage infiltration of neurofibromas. These studies 
demonstrate a critical role of Stat3 pathway downstream of EGFR in neurofibroma initiation and maintenance, correlating with recruitment of tumor-
associated macrophages into the neurofibroma microenvironment. Further, efficacy of the FLLL32 pharmacological inhibitor in reducing neurofibroma 
growth suggests a possible neurofibroma therapeutic treatment strategy based on Jak/Stat inhibition. Supported by R01-NS28840 and an award 
from the Children’s Tumor Foundation Preclinical Consortium to N.R., P50-NS057531 to N.R. and D.L., an OSUCCC Pelotonia Grant and a DAMD 
New Investigator Award W81XWH-11-1-0259 to J.W.
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Screening Brain MRI for intracranial lesions in young children is controversial. Cost vs. benefit is necessary to assess to validate their use.  We 
retrospectively review our records to assess the validity of the Brain MRI to identify intracranial lesions that are not clinical detectable. In this 
opportunity we present the data related with identification of Optic Nerve Gliomas.  Our goal for this presentation is to evaluate the incidence and 
imaging characteristics of optic pathway gliomas in children with diagnosis of Neurofibromatosis type 1 and discuss the value of early screening MRI 
in patients with known NF1.  
 
Methods and Materials: This is a single center, retrospective analysis of brain MRIs performed on children newly diagnosed with NF1 under the 
age of four years at the Gilbert Family Neurofibromatosis Institute- Children’s National Medical Center between January 1, 2000 and June 30, 2012.  
Presences of other intracranial lesions were recorded. Optic pathway gliomas were identified and characterized using multiple imaging parameters.  
The presence and characteristics of non-optic pathway lesions were also examined. Patients who underwent screening ophthalmology examinations 
were examined for multiple parameters.  The number of affected patients that needed treatment (chemotherapy) was also recorded. Statistical 
analysis performed with Stata v. 12.1. 

Results: A total of 131 patients, 62 females (47%) and 69 males (53%), underwent MRI. In this cohort 27% (n= 36) had an enhancing optic 
pathway lesion with mass effect on their first MRI and an additional 2% (n=2) were identified on subsequent screening MRI. There were fewer 
enhancing lesions outside the optic pathway, 5% (7/131) were seen on the first and an additional 6% (8/131) were seen on subsequent screening 
MRI. Treatment for optic pathway lesions was initiated for 34% (n=13/38) of patients. 

Conclusion: In our retrospective data collection 29% of patients with NF1 under the age of four years showed tumors in the optic pathway on MRI in 
our series, which is significantly higher than the previously reported incidence (15%). Though not all of our patients underwent treatment and the role 
of screening MRI in asymptomatic patients with NF1 is controversial, our data suggests that MRI may be valuable in early identification of patients at 
risk for progressive optic pathway lesions and compromise of visual function.  

Full List of Authors: Nadja Kadom MD1,2,3, Usha D. Nagaraj MD1,2, Shams Jobouri1, Roger J. Packer, MD2,3,4, Gilbert L. Vezina, MD1,2,3, Maria  T. Acosta MD2,3
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Computerized Working Memory Training Changes Intrinsic 
functional Connectivity in the Fronto-Parietal Network Associated 
with Attention and Working Memory in Children with NF1

Maria T. Acosta, MD   
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Background: While multiple cognitive domains are generally affected in Neurofibromatosis type 1 (NF1), attention and executive problems are 
increasingly appreciated as core deficits. Here we present preliminary results of the effects of a home-based, computerized cognitive training program  
(Cogmed®) aimed at targeting working memory, on intrinsic functional connectivity (iFC) in the fronto-parietal adaptive control network.  
 
Methods: Data from 13 children with NF1 (aged 8-15, mean=10.7, SD 2.2 yrs; 7F:6M) completing this pilot trial were analyzed preliminarily. Each was trained 
with Cogmed®, a computer-based working memory training program, at home (25 sessions) with phone-based coaching support, over 9 weeks. We collected 
a 6-minute resting state EPI scan pre- and post-treatment (TR=3000ms; TE=30ms; flip angle=90°, 39 slices, matrix=64x64; FOV=192mm; acquisition 
voxel size=3x3x3mm). For each NF1 participant and for an illustrative group of healthy controls collected at NYU (matched on age, gender, IQ, and motion 
parameters), we carried out iFC analyses using 11 fronto-parietal seed regions of interest (Dosenbach et al., 2007). We then calculated voxel-wise correlations 
for the time series of each seed, creating subject-level iFC maps (Fisher’s Z transformed). Group-level analyses were then carried out contrasting pre- and 
post-treatment iFC using random-effects ordinary least squares (min Z>2.3; cluster significance: p<0.05, corrected). 

Results: We observed significant post-treatment changes in fronto-parietal network iFC. Specifically, Cogmed® training in children with NF1 was 
associated with weaker negative iFC and stronger positive iFC between fronto-parietal regions involved in attentional control. Also, Cogmed®  
training was associated with weaker positive iFC and stronger negative iFC between fronto-parietal regions and regions involved in visual and motor 
processing and default network regions. 

Conclusion: Albeit preliminary, these results suggest that computerized working memory training in children with NF1 alters functional connectivity in 
the fronto-parietal network associated with attention and working memory.  

Full List of Authors: Christine L. Cox1; Kristina K. Hardy PhD3; Camille Chabernaud PhD1; Krishna Somandepalli MS1; F.; Nadja Kadom, MD3; Clare Kelly PhD1; Sarah A. 
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Quantitative imaging assessment of tumor response is essential in both routine clinical care and management of clinical trial patients. However, 
the variability of magnetic resonance imaging (MRI) –based tumor measurement for vestibular schwannomas (VS) has not been comprehensively 
evaluated. As part of a prospective study of bevacizumab for NF2 patients with progressive VS, we used double baseline MRI to assess the variability 
of volumetric and linear measurements for VS.

NF2	patients	with	a	target	VS	≥	1.5	cm	in	longest	diameter	underwent	two	baseline	contrast-enhanced	cranial	MRI	scans	within	one	week,	which	
included detailed imaging through the internal auditory canal (3 mm slices, no skip). During central review, lesions were assessed by volumetric and 
linear measurements and differences between scans were compared.

The study included 13 patients (7 women) with a median age of 34 years.  The mean linear size was 27.0±9.7 mm (range, 15.1-47.9 mm) and mean 
volume was 6.4±7.3 mL (range, 0.7 – 23.5 mL).  The mean difference between the linear measurements of the two scans was 0.4±0.3 mm (range, 
0-0.9 mm) and the mean percent difference was 1.4±1.1% (range, 0-3%).  To compare linear with volume change, the cube of the linear change 
was computed, which had a mean difference of 4.3±3.4% (range, 0-9.1%). For volumetric analysis, the mean volume difference was 0.1±0.3 mL 
(range, 0-1.0 mL) and the mean percent difference was 2.7±3.4% (range, 0–10.4%, with the highest variance in a small 0.7 mL lesion).  Volume and 
cubed linear percent change were similar (p=0.37; two-tailed paired t-test) with volume differences ranging up to approximately 1 mm or 1 mL. In one 
patient, VS volume was calculated using a post-contrast sequence with 5 mm thickness (in place of the 3 mm scan which did not cover the lesion).  
This analysis showed a volume difference of 14.9% between scans. 

This study shows that both linear and volumetric measurements of VS are highly reproducible in the setting of a clinical trial with central review of 
radiologic studies. 

Full List of Authors: Trinity Urban, Massachusetts General Hospital (MGH); Gordon J. Harris, PhD, MGH; Brigitte Widemann, MD, National Cancer Institute; Scott R. 
Plotkin, MD, PhD, MGH; Jaishri Blakeley, MD, Johns Hopkins Medical Institute.

Supported by: Cancer Therapy Evaluation Program (CTEP) of the National Cancer Institute (NCI) and NCI Comprehensive Cancer Center core support.

Double Baseline MRI to Assess the Variability of Vestibular 
Schwannoma Measurement 

Gina Basinsky, BS
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Quantitative imaging assessment of tumor response is essential in both routine clinical care and management of clinical trial patients. However, 
the variability of magnetic resonance imaging (MRI) –based tumor measurement for vestibular schwannomas (VS) has not been comprehensively 
evaluated. As part of a prospective study of bevacizumab for NF2 patients with progressive VS, we used double baseline MRI to assess the variability 
of volumetric and linear measurements for VS.

Patients	with	NF2	and	a	target	VS	≥	1.5	cm	in	longest	diameter	underwent	two	baseline	contrast-enhanced	cranial	MRI	scans	within	one	week,	which	
included detailed imaging through the internal auditory canal (3 mm slices, no skip). Lesions were assessed by volumetric and linear measurements 
and differences between scans were compared.

The study included 13 patients (7 women) with a median age of 34 years.  The mean linear size was 27.0±9.7 mm (range, 15.1-47.9 mm) and mean 
volume was 6.4±7.3 mL (range, 0.7 – 23.5 mL).  The mean difference between the linear measurements of the two scans was 0.4±0.3 mm (range, 
0-0.9 mm) and the mean percent difference was 1.4±1.1% (range, 0-3%).  To compare linear with volume change, the cube of the linear change was 
computed, which had a mean difference of 4.3±3.4% (range, 0-9.1%). For volumetric analysis, the mean volume difference was 0.1±0.3 mL (range, 
0-1.0 mL) and the mean percent difference was 2.7±3.4% (range, 0–10.4%, with the highest variance in a small 0.7 mL lesion).  Volume and cubed 
linear percent change were similar (p=0.37; two-tailed paired t-test) with volume differences ranging up to approximately 1 mm or 1 mL. One patient 
was excluded whose 3 mm follow-up scan did not cover the entire target lesion.  A 5 mm follow-up scan was used in place of the 3 mm scan, which 
resulted in a volume difference of 14.9% between scans.

Standardization of image acquisition parameters is necessary to ensure measurement reproducibility and accuracy of tumor response assessment. 
Radiologists and clinicians should exercise caution when interpreting the significance of percent changes in small lesions, in interpreting percent 
volume changes below 10%, or in comparing volume analyses when scan parameters vary between scans. 

Full List of Authors: Trinity Urban, Massachusetts General Hospital (MGH); Gordon J. Harris, PhD, MGH; Brigitte Widemann, MD, National Cancer Institute; Scott R. 
Plotkin, MD, PhD, MGH; Jaishri Blakeley, MD, Johns Hopkins Medical Institute. 
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Introduction: Neurofibromatosis type 1 (NF1) is a common inherited disease associated with the growth of various benign and malignant tumors. 
About 20 to 40% of NF1 patients develop spinal tumors, some of them may be symptomatic and cause severe neurological morbidity. A controversial 
term “spinal neurofibromatosis” was attributed to NF1 cases with extensive spinal involvement but few other clinical manifestations of the disease. 
 
Objectives: The objectives of this retrospective analysis were to evaluate and to describe the clinical spectrum of spinal involvement in adult patients 
with NF1. 

Patients and methods: We retrospectively reviewed clinical data of all adult (>18 years) patients with NF1 examined in our Neurofibromatosis Center 
in the last 8 years. We defined “spinal involvement” as presence of tumors within the spinal canal. Files of patients demonstrating spinal involvement 
were thoroughly assessed, and neuroimages were reviewed by an experienced neuro-radiologist. 

Results: Among 208 adult patients fulfilling the clinical diagnostic criteria of NF1 there were 14 patients (6.7%) demonstrating spinal involvement 
(7 males and 7 females). The median age of the group was 36 years (27-62). 7 patients had no family history of NF1. The median age of the first 
spinal NF1 presentation was 24 (14-55), in 4 patients spinal involvement was the only clinically relevant manifestation of the disease. Cervical spine 
was most commonly involved (12 patients). In 3 patients tumors were detected both in the cervical, and in the lumbo-sacral areas. Five patients 
demonstrated an extensive involvement of all the levels of the spine, and in 3 additional patients there were isolated sacral tumors. Clinically, spinal 
involvement manifested with radicular cervical pain in 4 patients, with radicular low back pain in 6 patients, with progressive spastic paraparesis in 
2 patients and with progressive hemiparesis (due to a cervical neurofibroma with spinal cord compression) in one patient. In an additional patient 
massive spinal involvement was incidentally diagnosed on a chest CT scan performed due to a spontaneous pneumothorax. Ten patients underwent 
removal of cervical tumors for spinal decompression. Two patients were operated twice. One additional patient underwent biopsy of the sacral mass. 
Five patients are wheel chair bounded due to the spinal disease, and 4 are suffering from severe impairment of upper limbs function.  

Conclusion: Spinal involvement in NF1 is usually a late manifestation of the disease, and may be diagnosed in the 3rd-5th decades of life. The spinal 
disease is usually clinically significant and required an aggressive surgical treatment.   

Full List of Authors: Felix Bokstein, MD, Shay Ben Shachar, MD, Liat Ben Sira, MD, Shlomi Constantini, MD  Gilbert Israeli Neurofibromatosis Center, Tel Aviv Sourasky 
Medical Center 

Spinal manifestations of neurofibromatosis type I in adult 
patients: a retrospective analysis

Felix Bokstein, MD 
Gilbert Israeli Neurofibromatosis Center,  
Tel Aviv Sourasky Medical Center

Congenital tibial bowing occurs in 5 % of NF1 children. Progressive bowing of the tibia ultimately results in a pathological fracture with the development 
of a pseudarthrosis or non-union due to impaired healing. Severe cases already present at birth with a pseudarthrosis. The outcome of current treatment 
modalities (non-surgical and surgical) for NF1-related pseudarthrosis is often unsatisfactory with many complications (Stevenson et al., 2013). 

The pathogenesis of congenital bowing and pseudarthrosis is not well understood, although bi-allelic Nf1 inactivation in osteogenic precursor cells has 
been suggested as the mechanism for defective bone healing in Nf1 mouse models and human NF1- related pseudarthrosis (Yu et al., 2005; Elefteriou 
et al., 2006; Kolanczyk et al., 2007; Schindeler et al., 2008; Stevenson et al., 2006).

In this study we report on 10 individuals with bowing and/or pseudarthrosis of the tibia (8) and ulna (2). Human periosteal derived cells (hPDCs) were 
cultured and analyzed for NF1 mutations. A bi-allelic NF1 inactivation event has been detected in primary pseudarthrotic hPDCs of the tibia (3) and ulna 
(1) in 4 NF1 individuals. For 2 NF1 individuals mutation analysis is still ongoing in hPDCs. For 4 individuals where no primary pseudarthrosis tissue 
was available we only identified the germline NF1 mutation in hPDCs of the tibia (3) and ulna (1). We are further characterizing these hPDCs in vitro 
and in vivo. Currently hPDCs from additional NF1 individuals are investigated. The obtained data don’t explain why pseudarthrosis develops only at its 
specific locations of the tibia and ulna, without other bones involved. We hypothesize that local biochemical and biomechanical factors as well as cell 
fate might be involved in this phenomenon. In the near future we will try to develop a hPDC therapy to improve treatment options for congenital bowing 
and pseudarthrosis.

References: Elefteriou et al. ATF4-mediation of NF1 functions in osteoblast reveals a nutritional basis for congenital skeletal dysplasiae. Cell Metab. 2006; 4: 441-451.
Kolanczyk et al. Multiple roles for neurofibromin in skeletal development and growth. Hum.Mol.Genet. 2007; 16: 874- 886.
Schindeler et al. Models of tibial fracture healing in normal and Nf1-deficient mice. J Orthop Res. 2008; 26: 1053-60.
Stevenson et al. Double inactivation of NF1 in tibial pseudarthrosis. Am J Hum Genet. 2006; 79: 143-148.
Stevenson et al. Approaches to Treating NF1 Tibial Pseudarthrosis: Consensus From the Children’s Tumor Foundation NF1 Bone Abnormalities Consortium. J Pediatr 
Orthop. 2013 Apr;33(3):269-275.
Yu et al. Neurofibromin and its inactivation of Ras are prerequisites for osteoblast functioning. Bone. 2005; 36: 793-802.
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Neurofibromatosis Type I (NF1) is a relatively common (1:2500-1:3000) autosomal dominant, progressive neuro-cutaneous disorder resulting from 
mutations of NF1, the gene responsible for production of the tumor suppressing protein, neurofibromin.  Persons with NF1 have increased risk 
of developing central and peripheral nervous system tumors, in addition to cutaneous, skeletal, vascular and cognitive manifestations.  We have 
previously reported abnormal ABRs in 7/28 individuals with NF1, 5 of whom had evidence of spongiform gliosis on MRI (Barcelos-Corse et al., 
2010).   Our current goal is to characterize auditory processing (AP) abilities of persons with NF1, and evaluate associations with other aspects 
of the phenotype.  We hypothesized that 1) NF1 is associated with risk for auditory processing deficits (APD), and 2) concomitant CNS structural 
abnormalities and/or neurodevelopmental disorders overlap APDs in this group.    We evaluated 43 individuals with NF1, aged 7-29 years (mean 16.1; 
SD 5.3) with normal peripheral hearing.   The test battery included linguistic and non-linguistic behavioral measures of AP. Reduced performance was 
observed on at least two AP tests in 53% and at least one linguistic and one non-linguistic test in 28% of our cohort.  We compare behavioral AP 
results with findings on ABR, CNS imaging and neuropsychological tests, and discuss the implications on developmental and educational success of 
individuals with NF1.

Full List of Authors: Lucas Lancaster, B.A.1, 2, Kelly King, PhD1, Chris Zalewski, MA1, Jeff Kim, MD1, 4, Pamela Wolters, PhD3, Staci Martin, PhD3, Andy Gillespie, BSN3, 
Eva Dombi, MD3, Brigitte Widemann, MD3, Carmen Brewer, PhD1

1National Institute on Deafness and Other Communication Disorders, NIH, Bethesda, Maryland; 2Gallaudet University, Department of Hearing Speech and Language 
Sciences, Washington, D.C.; 3Pediatric Oncology Branch, National Cancer Institute, NIH, Bethesda, Maryland; 4Georgetown University Medical Center, Washington DC

Auditory Processing Phenotype of Neurofibromatosis Type I
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Oral neurofibromas: an investigation of their association with 
the number of cutaneous and subcutaneous neurofibromas in 
patients with Neurofibromatosis type 1

Karin Soares Gonçalves Cunha,  
DDS, MSc, PhD 
Fluminense Federal University, Niterói, RJ, Brazil

Neurofibromatosis type 1 (NF1) is one of the most common genetic diseases and is mainly characterized by the development of cutaneous and 
subcutaneous neurofibromas. Oral manifestations are common and occur in most cases, including oral neurofibromas, enlargement of fungiform 
papillae of the tongue, and teeth and jaw alterations. Oral neurofibromas have been reported to occur in about 25% of all cases, but there is no 
study that investigated their association with the number of cutaneous/subcutaneous neurofibromas. The aim of the present study was to evaluate 
the association between the number of neurofibromas of the oral mucosa and skin (subcutaneous and cutaneous). Third four NF1 patients were 
physically examined. The total number of cutaneous/subcutaneous and intraoral neurofibromas were counted. According to the number of cutaneous/
subcutaneous tumors and age, patients were classified as having low/intermediate or high quantity of neurofibromas. Neurofibromas of the oral 
mucosa were observed in 44.1% of all cases. Their number varied from one to nine, and they were located mainly on the lower lip mucosa and 
tongue. There was a statistically significant association between the presence of intraoral neurofibromas and high quantity of cutaneous/subcutaneous 
neurofibromas (Mann-Whitney test; p=0.01). Since oral alterations are frequent in NF1 patients, intraoral exam should be performed in all cases, 
giving special attention to the ones with high number of cutaneous/subcutaneous neurofibromas.

Full List of Authors: Rafaela Elvira Rozza de Menezes DDS, MSc, Fluminense Federal University; Raquel Richelieu Lima de Andrade DDS, Fluminense Federal University; 
Eloá Borges Luna DDS, Fluminense Federal University; Raquel Machado Andrade DDS, Fluminense Federal University; Mauro Geller MD, MSc, PhD, Federal University of 
Rio de Janeiro; Orlando Hiroshi Kiono Siqueira MD, MSc, Fluminense Federal University.
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Neurofibromatosis type 1 (NF1) and multiple sclerosis (MS) are both relatively common conditions but previous reports suggest that that the former 
may predispose to the latter. Although all of the three principle forms of MS have been described in patients with NF1, the association between NF1 
and the primary progressive MS (PPMS) seems the strongest despite the fact hat this form of MS accounts for only 15% cases. 

Interest has focused on the oligodendrocyte myelin glycoprotein whose gene is embedded in intron 27b of the NF1 gene and the fact that the over-
proliferation of Schwann cells in NF1 may expose more myelin antigens thus provoking the autoimmune response of MS.  The association between 
low vitamin D status and risk of MS may also provide an explanation, as patients with NF1 are more likely to have low vitamin D levels.

We report a further cohort of cases where MS and NF1 co-exist in the North-West of England. All the cases are of the PPMS type and therefore 
strengthen the association between NF1 and PPMS.

Full List of Authors: J Ealing1,2, C Soh1,2, T Karabatsou1,2, JA Eelloo1, DGR Evans1, SM Huson1  
Complex NF1 Service, St Mary’s Hospital, Central Manchester University Hospital NHS Foundation Trust,  2Greater Manchester Neurosciences Centre, Salford Royal 
NHS Foundation Trust

Further cases of primary progressive multiple sclerosis in 
patients with Neurofibromatosis type 1

John Ealing MBBS, DPhil, FRCP
Complex NF1 Service, St Mary’s Hospital, Central 
Manchester University Hospital NHS Foundation Trust

Molecular link between the RASopathic 
disorders Neurofibromatosis Type 1 (NF1) 
and Legius Syndrome – defining the details

Theresia Dunzendorfer-Matt, PhD 
Division of Biological Chemistry, Biocenter, 
Innsbruck Medical University, Austria

Patients suffering from neurofibromatosis type 1 (NF1) display a variety of clinical symptoms including Lisch nodules, multiple cafè au lait spots, benign 
and malignant neurofibromas, bone deformation, and learning disabilities. The syndrome is caused by alterations of the neurofibromatosis gene (NF1) 
that encodes the protein giant neurofibromin (320 kDa), a Ras specific GTPase activating protein downregulating the biological activity of Ras. 

Legius syndrome is a much milder rasopathy, but the clinical symptoms overlap with those of NF1 patients, e.g. multiple cafè au lait spots, axillary 
freckling and macrocephaly. Patients have genetic alterations in the SPRED1 gene1. Spred1, a member of the Sprouty/Spred protein family is also 
known to act as a negative regulator of Ras, but in contrast to neurofibromin, Spred1 has no GAP activity. It has been shown recently that NF1 and 
Spred1 are both members of the same cellular protein complex and that Spred1 recruits the NF1 protein to the plasma membrane where it exerts its 
GAP activity towards Ras2. The N-terminal EVH1 domain of Spred1 is involved in this interaction, but the binding surface on neurfibromin has not been 
identified yet. We have investigated recombinantly expressed neurofibromin fragments for their ability to interact with the EVH1 domain of SPRED1 and 
can now define the region underlying the relevant protein-protein interaction. We have further investigated the ability of Spred1 binding to and Spred1-
mediated membrane localization of neurofibromin fragments and pathogenic neurofibomin missense mutations in mammalian cells. Current result will 
be presented. 
 
1)  Brems et al., Nature Genetics 2007. 2)  Stowe et al., Genes Dev. 2012
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A 51 year old lady presented to the Nationally Commissioned Service for Complex Neurofibromatosis Type 1 (NF1) with a 6 month history of increasing 
pelvic and lower back pain with nocturnal waking and episodes of anorexia and vomiting. She acquired the diagnosis of NF1 25 years previously 
following removal of an intradural extramedullary tumour reported as a schwannoma. 

Her mother had died aged 33 years of a brain tumour and her maternal grandmother was reported to have had tumours in her neck and spine. Her two 
siblings were reportedly well and she had no children.

Examination revealed a right torticollis and right Horner’s syndrome, a large abdominal mass arising from the pelvis but no cutaneous stigmata of NF1.

Magnetic resonance and PET imaging revealed A) 14cm heterogeneous enhancing mass, abutting the left kidney with SUV max 2.9, B) a large 
heterogeneous enhancing pelvic mass with, C) mesenteric adenopathy with SUV max 10.3 and D) 6cm mass in the right lung apex with SUV max 4.3

Computerised tomography-guided biopsy of lesion A was reported as a neurofibroma with occasional atypia. Lesion B was reported as benign uterine 
leiomyoma and lesion C a follicular Lymphoma (WHO) Grade 2.

Genetic analysis of blood lymphocyte DNA confirmed a causative mutation in the INI1/SMARCB1 (C.38delA) gene.

Following detailed MDT discussion with genetic, oncology and surgical input it was decided that the lymphoma treatment should take priority. It was 
however recommended that despite the surgical challenge, excision of the retro peritoneal mass should follow due to risk of malignant change in such a 
large mass.

Following 8 cycles of R-CVP (rituximab, cyclophosphamide, vincristine, prednisolone) for lymphoma over a six month period, surgery was performed.
Histology revealed a malignant peripheral nerve sheath tumour with areas of low and high-grade change. Incidentally, a well-differentiated neuroendocrine 
carcinoma was excised from the small bowel. Close surveillance continues.

This case raises new considerations for malignancy associated with SMARCB1 mutations and highlights the importance of holistic, specialist and 
multidisciplinary care.

Full List of Authors: JA Eelloo1, DGR Evans1, JJ Gregory1, RW Whitehouse1, C Soh1,2, N Bowers1, P Hulse3, JP Wylie3, NW Clarke3, J Ealing1,2,  1Complex NF1 service,  
St Mary’s Hospital, Central Manchester University Hospital NHS Foundation Trust,  2Salford Royal NHS Foundation Trust, 3The Christie NHS Foundation Trust, UK
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An estimated 30% of patients with neurofibromatosis type 2 (NF2) have ependymomas.  Although these are generally considered more benign than 
sporadic ependymomas they can cause neurologic morbidity in some patients.   When ependymomas require therapy, surgery is the standard approach.  
However, surgery for ependymoma is associated with significant risk in NF2 patients.  Hence, bevacizumab has been explored for the treatment of NF2 
associated spinal ependymomas (SE). We present a case series of  8 patients with NF2 and symptomatic SE treated with bevacizumab.

8 patients (7M, 1F) across three institutions were treated with bevacizumab for symptomatic SE. Median age at time of treatment was 22 years (range 
15-34 years). Symptoms prompting treatment included swallowing difficulty (2); ataxic gait (3); spastic paraparesis (1) and intractable pain (2). The 
tumor location was limited to cervical spine in 7 patients and involved cervical and thoracic spine in one patient. Five patients had radiographically 
documented growth of the ependymoma prior to treatment. The median duration of treatment was 13.5 months (range 6-58 months).
  
All patients had subjective improvement in neurologic function as rated both by the patient and the care team. Six patients were assessed for 
radiographic response and 3/6 had radiographic response, seen within 3 to 6 months of treatment initiation (defined as >20% reduction in linear 
measures). The cystic compartments of the ependymoma demonstrated the greatest reduction. There was no observed relationship between the 
degree of radiographic response and perceived clinical benefit. For example, one patient who showed no significant radiographic change in the SE had 
improvement in ataxia, paraparesis and urinary incontinence such that he regained bladder control and ambulation. Toxicity was mild.  One patient had 
a single episode of abdominal pain with hematochezia for which drug was held for 2 months. Symptoms recovered and he was able to resume drug 
without complication. There were no other adverse events related to bevacizumab. Five patients had pauses in their treatment. In one patient the gains 
made during treatment were lost in the period off drug, but returned when drug was re-started.
 
Bevacizumab appears to improve NF2 related SE associated signs and symptoms, with a less robust effect on radiographic features of SE. Because 
of the immediate response and the reversibility of the described effect after discontinuation of the treatment we assume a solely impact on the 
vasopermebility and an anti-edema effect on the SE more than an antitumorigenic effect. The observed clinical benefit may also be on the concurrent 
effect on multiple tumors allowing a composite clinical benefit. Systematic investigation is needed to reveal the mechanism and the potential benefit of 
bevacizumab on SE in NF2.

Full List of Authors: D. Wolf, MD  (The Johns Hopkins Hospital, Baltimore); J. Blakely, MD (The Johns Hopkins Hospital, Baltimore); V.L. Merker, MD (Massachusetts 
General Hospital, Boston); S.R. Plotkin, MD PhD (Massachusetts General Hospital, Boston); M. Schuhmann, MD (University Medical Center Tübingen); V.F. Mautner, MD 
(University Medical Center Hamburg-Eppendorf)
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Comparability of 1.5T and 3.0T MRI-Volumetrics in 
Neurofibromatosis Type 1 

Neurofibromatosis type 1 (NF1) is an autosomal-dominant inherited tumor predisposition disorder with an estimated incidence of about 1:3000 and 
characterized by the occurrence of plexiform neurofibromas in about 50% of patients. Internal tumors are accurately identifiable by whole body MRI 
and volumetry of these lesions allows quantitative analysis of tumor progression. Longitudinal studies are necessary to assess the potential value of 
volumetric analysis in clinical care, for example, risk assessment for morbidity or malignant degeneration. Because of technical improvements in MRI 
scanning methods different scanners are now available  for whole body MRIs. We investigated whether two MRI-scanners with different field strengths 
affect the ability to perform follow up measurements with valid and comparable results.
  
Four adult patients (2M, 2F) underwent whole body MRI using STIR sequence in two different MRI scanners (Siemens Avanto 1.5T; Siemens Skyra 3.0T) 
within 6 months. Median age at measurement was 43.5 years (range 23 to 70 years), median bodyweight at measurement was 75kg (range 58 to 121 
kg). All patients had internal plexiform tumor burden. Tumor locations included the vertebral spine, pelvis, abdomen and head. Tumor segmentation and 
volumetry was performed semiautomatically by using the software MEDx (V 3.44). Differences in signal intensity of tumor and surrounding tissue were 
used to define tumor margins on axial slices.
  
No significant difference could be detected in the placement of tumor outlines or tumor volumes between the different acquisitions. Measured tumor 
volume for 1.5/ 3T scanner in cm3 were 158/161, 354/363, 832/809, 232/251. Mean difference was 3.9% (range 1,9 to 8,2%). Field inhomogenities 
seemed to occur more frequently in the 3.0T images, which may impede the automated analysis.
 
Volumetric analysis of tumor burden in NF1 patients can be used to detect small changes over time. For best results it is recommended to use the same 
imaging parameters in all follow-up studies, such as field of view, imaging matrix, image resolution, echo time, repetition time and inversion time. Due 
to development in imaging techniques MRI updates are inevitable over longer observation periods. We compared the volumetric results for patients 
repeatedly imaged on 1.5T and 3T scanners within a short time period.  Though we observed more frequently field inhomogenities in the 3.0T images, 
tumor volumes were comparable between these two scanners. This is important in the evaluation of patients who used to be scanned in an older 1.5T 
scanner and are now switched to a 3.0T scanner. While the variation between the two techniques is small, in the setting of clinical trials it may still affect 
patient assessment.  We plan to further evaluate the question in a larger patient cohort.

Full List of Authors: E. Dombi, MD (National Institutes of Health, Bethesda); B. Widemann, MD (National Institutes of Health, Bethesda); C. Fünsterer, MD (Radiologic Outpatient 
Institute Altona, Hamburg);  V.-F. Mautner, MD (University Medical Center Hamburg-Eppendorf)

Said Farschtschi 
University Medical Center Hamburg-Eppendorf, 
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Evaluation of effectiveness of chronic pain management in 
Neurofibromatosis 1 patients with various pain medications 
using Patient’s Global Impression of Change (PGIC) scale

Thomas J Geller, MD 
Saint Louis University

Objective: The purpose of this study is to evaluate the effectiveness of chronic pain management in a population of pediatric patients with 
Neurofibromatosis 1 (NF-1). 

Methods: TThe study  involves review of the medical charts of NF-1 patients in the Cardinal Glennon Children’s Hospital Neurofibromatosis clinic, 
enrolled for the study “Prevalence of Pain in NF-1 patients”, which is ongoing involving patients age 6 to 18 years.  The subset of the patient 
population with chronic pain on clinical evaluation, and who were prescribed medication related to pain was identified and followed up by a telephone 
interview.  Re- consent was obtained during this phone interview, and consenting subjects were asked to give their response on the PGIC scale to a 
single study question regarding their pain condition at phone follow-up in comparison to prior to pain medication initiation. 

Results: The total number of patients enrolled in the primary study was 147; among them 118 patients were reported to have various types of pain 
on their initial enrollment.  Subsequently, some of them have been lost to follow-up, or were unreachable by telephone, leading to identification of 
only 15 patients who were on chronic pain medications.  Their responses on PGIC scale were noted: 70% have reported benefit with chronic pain 
medication and only 30% noticed no change in their pain.  Various pain medications like, Gabapentin, Nortriptyline and Topiramate have shown >75% 
effectiveness in their pain control. 

Conclusions: Chronic pain in Neurofibromatosis 1 patients is very prevalent. Patients were noted to have cephalic, somatic and neuropathic pain on 
clinical assessments.  Pain has shown to produce a major impact on their life styles based on our evaluations in our previous study.  Pain medications 
were initiated on a few patients based on clinical judgment and parental or patient requests.  In general, in this pediatric population chronic preventative 
therapy provided reasonably effective pain control, compared to adult NF-1 studies. This presumably will be associated with a more favorable quality 
of life.  Among the various pain medications, neuropathic pain medications were very promisingly effective when compared to narcotics or NSAIDs 
based on PGIC scale responses.   

Full List of Authors: Srikanth Thalakoti, MD,Saint louis University; Amal Morcos, MD, Cairo University. 

Funding Sources: Department of Neurology and Psychiatry at Saint Louis University
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Background: There is increased interest in use of computerized neurocognitive assessment tools to address problems with efficiency and access 
to services. These tools generally have practical and research advantages in terms of cost, ease of administration, and suitability for longitudinal 
evaluations over shorter intervals than are advisable with traditional neurocognitive measures. We aimed to determine the feasibility and validity of 
using one such computerized battery, CogState, in children and adolescents with NF1. 
 
Methods:  Participants included 25 children with NF1 (aged 8-16) who completed the screening phase of a cognitive intervention study.  After 
consenting to the study, participants were evaluated with CogState and traditional neuropsychological measures and parent questionnaires (Wechsler 
Intelligence Scale for Children – Fourth Edition, BRIEF, CBCL). The CogState battery includes five brief computerized tasks evaluating sustained visual 
attention, reaction time, executive functioning, working memory, and visual learning.
 
Results:  Participants were 11.4 years (SD=2.61) at the time of assessment, with 52% males. Estimated IQ was average (M=96.2; SD=13.04), 
but participants evidenced impaired attention and working memory on parent-report measures (BRIEF Working Memory Index = 66.2, SD 
= 10.07; CBCL Attention Problems = 63.2, SD = 8.72). Statistically significant correlations were found between questionnaires, traditional 
neuropsychological measures, and the CogState tasks.  For example, WISC-IV IQ scores and computer-based measures of working memory (r 
= .41, p < .05), between parent-rated attention and computerized attention (r = -.42, p < .05), and between a traditional task of visual working 
memory and a CogState task of executive functioning (r = -.41, p < .05).
 
Conclusion: Computer-based neurocognitive tasks were significantly related to traditional measures and parent report in our sample of children 
and adolescents with NF1. CogState appears to be an efficient, feasible, and valid tool for monitoring neurocognitive domains that are vulnerable 
to disruption in this population. Further evaluation of CogState and other such batteries is needed to determine predictive validity for functional 
outcomes and change over time.

Full List of Authors: 1Kristina K. Hardy, PhD, 1Sarah A. Hostetter, BA; Karin S. Walsh, PsyD, 2Brian T. Harel, PhD2, Roger J. Packer, MD1, Maria T. Acosta, MD1; 
1The Jennifer and Daniel Gilbert Neurofibromatosis Institute, Children’s National Medical Center, Washington, DC, 2CogState, Inc, New Haven, CT

Funding Source: The Jennifer and Daniel Gilbert Neurofibromatosis Institute.

Evaluating the Validity of a Computer-Based Neuropsychological 
Battery in Children with Neurofibromatosis Type 1 (NF1)
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Computerized working memory training for children with 
Neurofibromatosis Type 1 (NF1): Feasibility and preliminary 
efficacy

Kristina K. Hardy, PhD 
The Jennifer and Daniel Gilbert Neurofibromatosis Institute, 
Children’s National Medical Center, Washington, DC

Objective: Children with NF1 have a high incidence of executive dysfunction; but few interventions have been empirically evaluated. We aimed to assess 
the feasibility and preliminary efficacy of a home-based, computerized cognitive training program for children with NF1 and working memory deficits. 

Methods: This prospective, single-arm trial (n = 27) employed a pre-post design to evaluate changes in performance-based measures of attention 
and working memory and parent-completed ratings of executive functioning. Children meeting eligibility criteria completed training with Cogmed®, 
a home-based, computerized working memory training program that includes phone-based coaching support over 9 weeks (25 sessions). Primary 
outcomes included compliance statistics (tracked automatically by the program) as well as change in attention and working memory scores from 
baseline to post-intervention. Given the limitations associated with our single-arm approach, we employed a neurocognitive assessment battery 
consisting of measures with available alternate forms and/or with few practice effects. 

Results and conclusion: Twenty-five children (52% male; Mean age = 11.4, Range = 8-16) have been screened for the study since June 2011, with 
92% showing evidence of working memory difficulties that qualified them for inclusion in the treatment phase. Treatment compliance is good with over 
three-quarters of participants completing at least 80% of training sessions. The intervention was not associated with any physical or psychological 
adverse events.  Participants and their parents rated the intervention as enjoyable and appropriately challenging. Participants exhibited post-treatment 
improvement in attention and executive function on a number of performance-based measures, but not on the parent-rated questionnaire.  Specifically, 
children completing training showed significantly improved sustained visual attention, verbal attention, visual working memory, and executive 
functioning.  Thus, preliminary data suggests that home-based computerized training is feasible and possibly efficacious for children with NF1.  A 
larger, randomized controlled trial of this approach is warranted. 
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Nursing Perspective: Development of a Neurofibromatosis Type I 
Multidisciplinary Program

For two years, Children’s Hospital Colorado (CHCO) held a Neurofibromatosis Type I (NF1) Multidisciplinary Clinic (MDC) quarterly to provide patients 
with comprehensive clinical care. There was a six to nine month waiting list for this clinic. In the fall of 2012, the NF1 MDC started to grow, with the 
significant assistance of a new nurse coordinator position. The nurse coordinator was able to facilitate the conversation between members of the 
multidisciplinary team and administration in order to increase the clinic offering from quarterly to monthly. The coordinator met with multiple team 
members and other multidisciplinary clinics in the hospital to determine the goals and purpose of each monthly clinic, additional needs for the clinic, and 
infrastructure necessary to put the goals into action. Two levels of MDC exist to provide comprehensive care for patients with NF1 in a multidisciplinary 
setting. The full MDC combines providers from neurology, oncology, neuropsychology, genetics, rehabilitation, and ophthalmology and is designed 
for patients who are complex with severe symptoms from NF1. The mini MDC has providers from neurology, oncology, neuropsychology, genetic 
counseling, and ophthalmology and meets the needs of patients who need to see at least three of the five providers and have moderate symptoms. 
The nurse coordinator also has created a shared patient list in the electronic medical record for all providers to track patients, facilitates team member 
meetings, and accepts referrals and assures that patients are seen in the appropriate clinic in a timely manner. She has improved website content both 
at the hospital and national foundation level for increased awareness and easier access to the NF1 MDC program, created a dedicated phone line, email, 
and scheduler for the NF1 program, and has improved the provider and public knowledge about what this great program offers. As a result, there is a 
significant increase in appropriate referrals being made to the program. The waitlist has all ready reflected the hard work put forward by the coordinator, 
as the mini MDC clinic can get a patient seen in 2-3 months. Further progress is needed to ensure proper follow-up for patients, educate families about 
their visit and after visit care needed, improve clinic flow, and improve EMR feasibility for the multidisciplinary team. The nurse coordinator role is crucial 
in improving and developing a NF1 multidisciplinary program within a large tertiary care center. 

Additional Author: Tristen Dinkel, CNRN, CPN, RN, BSN, Children’s Hospital Colorado.

Molly Hemenway, ND, MS, RN, AC-PNP 
Children’s Hospital Colorado, University of Colorado 
School of Medicine

Pediatric patients with Neurofibromatosis Type I (NF1) have many complex medical needs. It is important to identify the appropriate provider and 
specialty to assess and treat the patient. Within our large tertiary care pediatric hospital there is a Neurofibromatosis Program which needs to be utilized 
in order to ensure appropriate referrals to specialty care are being utilized. The NF Program can act as a screening tool prior to referrals being made to 
individual specialties. Within a one month period, the Neuro-Oncology Program received 7 new patient referrals with NF1. Six of the seven patients were 
seen in clinic for complaints including headache, back pain, blurred vision, vomiting, and growing abdominal tumor. One patient was not seen due to lack 
of symptoms from a superficial plexiform neurofibroma. Of the six patients seen, only one of them was an appropriate referral due to risk of malignant 
transformation in a large, rapidly growing abdominal plexiform neurofibroma in a 15 year old. The other five patients would have been better managed 
by their primary care pediatrician, neurologist, or ophthalmologist. While the Neuro-Oncology team is pleased to consult on patients, the patients would 
have been better served by the other specialties stated above. In addition, the Neuro-Oncology team is pleased to review MRI scans that are concerning 
to PCPs to help with the screening process. In the future, the NF1 Program will screen patients for which specialty is the most appropriate to assess and 
treat the patient. An appropriate referral is important to the patient, family, provider, hospital, and third party payor in order to ensure the patient receives 
the best care possible in a timely manner that appropriate utilizes resources.

Additional Author: Nick Foreman, MRCP, Children’s Hospital Colorado, University of Colorado School of Medicine
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Radiation induced gliomas in two pediatric patients with 
neurofibromatosis type 1: Case study and summary of the 
literature

Molly Hemenway, ND, MS, RN, AC-PNP 
Children’s Hospital Colorado, University of Colorado 
School of Medicine

Neurofibromatosis 1 (NF1) is a genetic disorder that predisposes patients to the formation of sporadic tumors and also increases the risk of radiation 
induced malignancies.  The most commonly described radiation induced tumor in NF1 patients is a malignant peripheral nerve sheath tumor.  

We present two children with NF1 who received radiation therapy and subsequently developed high grade gliomas.  The first patient was 10 years old 
when diagnosed with a low grade glioma of the medulla. He received carboplatin and vincristine. His tumor progressed following therapy and was treated 
with radiation therapy at that time. Nine years he later developed rapid onset ataxia and cranial nerve palsies. On imaging he was determined to have 
a radiation induced high grade glioma. The second patient was diagnosed with a low grade astrocytoma of the midbrain in the left middle cerebellar 
peduncle. He underwent a resection followed by carboplatin and vincristine. Despite therapy he had tumor progression which was then treated with 
debulking and radiation therapy. Seven years following diagnosis he developed a large heterogeneous mass in the left thalamus, corpus callosm, and 
midbrain. Unfortunately both of these patients died within five months of the diagnosis of the radiation induced high grade glioma. 

These two cases of radiation induced malignancies in children with NF1 provide additional evidence against routine use of radiation therapy.  However, 
in both cases, the initial use of radiation therapy was carefully considered, and only offered after failure of frontline chemotherapy and continued disease 
progression.  Both children were able to achieve good clinical improvement for a number of years. While radiation may be the most appropriate therapy in 
specific situations for children with NF1, the secondary tumor risk should be carefully considered. 

Additional Authors: Jennifer R.  Madden, MSN, RN, CPNP, Nicholas Stence, MD, Nicholas K. Foreman, MRCP, Arthur K. Liu, MD, PhD, Children’s Hospital Colorado, University of 
Colorado School of Medicine, Sarah Z. Rush, Department of Pediatrics, Akron Children’s Hospital

Cerebrovascular abnormalities have been associated with Neurofibromatosis type 1 (NF1), particularly stenosis of the internal carotid arteries or the 
middle or anterior cerebral arteries (Neurologist. 2006;12(2):86-93), the coexistence of NF1 with vertebral artery (VA) aneurysm is rare. However, 
we present the first reported case of bilateral vertebral artery aneurysms in a patient with neurofibromatosis type 1. This is a 33 years old caucasian 
woman diagnosed at 3 months of age after postnatal stridor secondary to a facial/neck mass (biopsy-proven neurofibroma). She required multiple 
laser and surgical procedures for airway management and required eventual tracheostomy. Also, she underwent reconstructive surgery on right 
side of face, mitral valve prolapse-surgical correction and multiple resections of neurofibromas with one episode of bleeding complication due to 
coexisting Von Willebrand Disease. She currently presents partial vocal cord paralysis, as well as dysphagia and difficulty breathing, secondary to 
procedures and neurofibromas.

Lately, she started complaining about brief episodes of light headedness and intermittent blacking out of vision. Brain MRI led to suspicion of 
aneurysm and CT angiogram of the neck revealed a partially thrombosed fusiform right VA aneurysm (2.6 x 2.8 cm in greatest axial dimensions, and 
4.3 cm in greatest craniocaudal dimension), a fusiform aneurysm of the proximal left VA (1.5 x 1.5 cm in greatest axial dimensions and 3.5 cm in 
greatest craniocaudal dimensions) and bone remodeling around them. 

Cerebrovascular lesions in NF1 patients are often accompanied by Moyamoya disease and may present with signs and symptoms of stroke, 
hypoperfusion, or seizures (Genet Med. 2002;4:105–111). Also, spontaneous arterial rupture is a potentially lethal complication. 

Fragility of the vessel wall results from fibromatous invasion and consequent vascular dysplasia (Cardiovasc. Pathol. 2008;17:108–12). The 
frequency of cerebrovascular dysplasia in NF1 is 2-5%, and some patients are clinically asymptomatic despite angiographic progression (J Neurol 
Neurosurg Psychiatry 2008;79:1165). Given the poor outcome for patients with ruptured aneurysms, these findings have significance for screening 
of asymptomatic patients with NF1 and emphasize the intricate management of patients with NF1 and coexisting cerebrovascular lesions.

Full List of Authors: Daniel A. Huillca Huerta, National University of San Marcos; Kaleb H. Yohay, MD, Division of Pediatric Neurology, NewYork-Presbyterian Hospital/
Weill Cornell Medical Center.
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Background: Patients with neurofibromatosis type 1 (NF1) have an increased risk of having CNS tumors.  Previous reports have described the 
presence of brainstem tumors in NF1 patients.1,2 The most difficult challenge is to distinguish them from unidentified bright objects (UBO) that are 
so often seen in this population. Like low-grade gliomas, UBOs also do not enhance, but they are not space occupying lesions and do not have mass 
effect. There have been few publications describing the clinical course of exophytic brainstem lesions in children with NF1.
 
Methods:  A database of over 500 NF1 patients evaluated in the Genetics program at Cincinnati Children’s Hospital over the last 10 years was 
reviewed for patients with distinct brainstem lesions. Lesions that demonstrated only signal abnormalities were excluded from this review. Clinical 
data was then collected from the neurofibromatosis and brain tumor clinical databases and patient charts.
 
Results:  10 patients were identified as having discreet brainstem lesions located ponto-medullary area.  The median age at diagnosis was 67 
months (range 44-195 months). The male:female ration was 7:3. None of the 10 patients had their respective brainstem lesions biopsied.  9 of 10 
patients had follow up MRIs with a median duration of follow up of 59 months (range 32 – 120 months).  Five patients demonstrated an increase in 
the size of their brainstem lesion while three patients demonstrated a decrease in the size their brainstem lesion. One patient exhibited stable disease.  
Eight patients also had concurrent optic pathway gliomas (OPG) with 5/8 patients having bilateral or chiasmatic optic pathway gliomas. One patient 
had a right temporal lobe anaplastic astrocytoma (AA). Two patients received systemic chemotherapy for other concurrent tumors (OPG or AA).  One 
patient who received vinblastine therapy (dose, duration) for their chiasmatic OPG demonstrated a decrease in the size of the brainstem lesion 3 
months into 12 months of therapy.  No patient was deemed to have neurological symptoms attributed to their respective brainstem lesion.
 
Conclusion: Ponto-medullary tumors occur in a subset of NF1 patients and may cause concern for parents and physicians.  Although some of these 
lesions tend to exhibit slow growth and should be followed with sequential MRIs, it appears that most do not manifest with concerning symptoms 
that prompt further evaluation with biopsy and/or medical therapy.

Full List of Authors: Blaise Jones MD1, Kathleen Dorris MD1, Maryam Fouladi, MD1

1Cincinnati Children’s Hospital Medical Center
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Further dissection of NF1 genotype- phenotype relationships

The variable and unpredictable natural history of NF1 is a major challenge both for families adjusting to the diagnosis and physicians planning 
care. Previous studies of genotype-phenotype relationships have identified NF1 microdeletions as being associated with more severe disease and 
at the other end of the spectrum, the NF1 exon 17 3-bp inframe deletion (c.2970_2972delAAT) which is associated with very mild disease and no 
neurofibroma development.

In our clinical practise we noticed that those patients with the NF1 pigmentary phenotype only who did not have SPRED1 mutations tended to have 
non-truncating, usually mis-sense mutations. This has led us to formally analyse the genotype-phenotype relationships with regard to pigmentary 
and neurofibroma features.

Unrelated adults were divided in to three groups by phenotype:
a) Pigmentary only – CAL +/- skinfold freckling
b) ‘Typical’ NF1 – Pigmentary changes and dermal neurofibromas
c) ‘Spinal’ phenotype – Major involvement of multiple spinal roots and peripheral nerves with few, if any, dermal neurofibromas.

In the initial analysis we have divided mutations in to truncating vs. non-truncating and compared the number of patients with each phenotype. A 
significant association of non–truncating mutations and the pigmentary phenotype was found as summarised in the table. Analysis of position of the 
non-truncating mutations and their likely effect on protein function is ongoing and will be presented.

PHENOTYPE TRUNCATING MUTATIONS NUMBER (%) NON-TRUNCATING MUTATIONS NUMBER (%)

PIGMENTARY 4 (23.5) 13 (76.5)

TYPICAL NF1 108 (86.4) 17 (13.6)

‘SPINAL’ 15 (83.3) 4 (22.2)

Full List of Authors: SM Huson1,2, E Vaccari1, J McDermott1, E Sach1, J Ealing1, C Mitton1, J Eelloo1, DGR Evans1,2. 1Neurofibromatosis Centre, Genetic Medicine, St 
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Case Study: A child with two rare genetic disorders: 
Neurofibromatosis Type 1and Osteogenesis Imperfecta IV

Background: Neurofibromatosis type 1 (NF1) is an autosomal dominant condition commonly associated with neoplasms of the central and peripheral 
nervous system. Osteogenesis Imperfecta IV(OI IV) is an autosomal dominant condition that causes defect in the gene that produces type 1 collagen 
an important building block of bone, characterized by bone fragility and fractures.
 
Methods:  This combination of NF 1 and OI has not been reported before. It is important to explore if there could be a correlation between the two 
disease conditions.

Methods:  A detailed chart review describes a child diagnosed with OI during newborn period because of first-degree relative with OI. DNA analysis 
revealed a heterozygous mutation of glycine- 610 to a codon for serine at cDNA position c.2362 in exon 35. This exact mutation has not been 
previously reported. Patients with OI Type IV have a similar glycine mutation at this position. The child has chronic symptoms including reflux, 
dysphagia, severe obstructive sleep apnea and failure to thrive. These symptoms were managed symptomatically until 9 months of age. An incidental 
finding of a large neck mass was seen on a chest x-ray which was done as part of pre-operative evaluation. Further evaluation with scans revealed 
a large left cervical and mediastinal mass. The physical examination revealed multiple café-au-lait spots. Pathology of the neck mass confirmed 
diagnosis of plexiform neurofibroma. DNA testing done at 11 months of age found a heterozygous missense alteration in exon 6 of the NF 1 gene 
i.e.c.821T>G(p.Leu274Arg). This alteration has not been reported before.  To our knowledge, this is a rare case of a combination of these two 
rare genetic disorders: OI IV and NF1. The prognosis of this patient is currently unknown, especially because of the complexity of the plexiform 
neurofibromas and risks to osseous structures in both conditions. The child currently has a tracheostomy and gastrostomy tube.

Conclusion: We present this patient with OI and NF1. This unique combination of two rare genetic disorders has not been observed before.  It is crucial to 
closely monitor the prognosis and outcome of the patient for possible gene interactions that will guide to manage these rare combinations in the future.

Full List of Authors: John Slopis, MD, Linda Speck, RN. University of Texas MD Anderson Cancer Center, Houston, Texas-77030.
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Phase II Study of Sorafenib in Children with Sporadic and  
NF1-related Recurrent/Progressive Low-Grade Astrocytomas

Introduction: Activation of the RAS-RAF-MEK-ERK signaling pathway, most commonly through loss of NF1 or KIAA1549-BRAF tandem duplication, 
is thought to be a key driver of pediatric low-grade astrocytoma (PLGA) growth. Sorafenib is a multi-kinase inhibitor targeting BRAF, VEGFR, PDGFR 
and c-kit. This multi-center phase II study was performed to determine the response rate to sorafenib in children with recurrent or progressive PLGA. 
We are reporting clinical and molecular study results, along with complementary preclinical data using sorafenib.
 
Methods:  Twelve	patients,	including	three	with	neurofibromatosis	type	1	(NF1),	were	enrolled	on	this	trial.	Key	eligibility	criteria	included	age	≥2	
years and at least one prior standard chemotherapy treatment. Histological confirmation was required, except for optic pathway gliomas. Sorafenib 
was administered twice daily at 200mg/m2/dose (maximum of 400mg/dose). Magnetic resonance imaging, including three-dimensional volumetric 
tumor analysis, was performed after every third 28-day cycle, or earlier, if clinically indicated. Primary endpoint was radiological response. 
Comprehensive molecular genetic studies were performed on seven patients with available tumor tissue. We also performed in vitro studies using 
sorafenib on BRAF wild-type cell lines and cell lines containing mutant BRAFV600E or BRAF-fusion constructs.

Results:  One patient was removed from study after one week due to recurrent urosepsis. Eleven patients were therefore evaluable for response, 
with a mean number of prior chemotherapy regimens of 2.4 (median 2). Nine patients (82%) discontinued sorafenib after three cycles due to tumor 
progression, including three NF1 patients and three patients with KIAA1549-BRAF tandem duplication. One non-NF1 patient with a sporadic spinal 
cord ganglioglioma completed six cycles with stable disease. Another non-NF1 patient with a brainstem pilomyxoid astrocytoma and wild-type BRAF 
achieved a partial radiological response. Results of in vitro testing indicate that sorafenib may lead to paradoxical ERK activation in both BRAF wild-
type and KIAA1549-BRAF mutant cell lines.

Conclusion: Sorafenib appears ineffective for the treatment of recurrent or progressive PLGA, irrespective of NF1 or tumor BRAF status. The observed, 
unexpectedly high rate of rapid early progression, including MRI and neurologic progression in PLGA patients treated with sorafenib may indicate a 
potential growth-stimulating effect. In vitro testing of sorafenib suggests paradoxical ERK activation as a probable mechanism.

Full List of Authors: Matthias A. Karajannis, MD, MS, NYU Langone Medical Center, New York, NY;  Michael J. Fisher, MD, Children’s Hospital of Philadelphia, 
Philadelphia, PA; Sarah S. Milla, MD, NYU Langone Medical Center, New York, NY; Kenneth J. Cohen, Johns Hopkins University, Baltimore, MD; Geneviève Legault, MD, 
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Introduction: Neurofibromatosis type 2 (NF2) is an autosomal dominant syndrome marked by the presentation of bilateral vestibular schwannomas 
(VS) as well as other nervous system tumors, particularly in young adults. The risks associated with resecting and radiating sporadic VS include 
significant hearing loss in addition to dysfunction associated with the facial, trigeminal, and vestibular nerves. These risks are amplified in NF2 
patients. Bevacizumab, a monoclonal antibody targeting vascular-endothelial growth factor (VEGF), has been shown in recent years to shrink VS 
size and improve clinical symptoms after a sustained course of intravenous treatment (using a 5 mg/kg dose). However, bevacizumab can lead to 
systemic effects such as poor wound healing, bleeding, and pulmonary embolism. Here we demonstrate early results on the feasibility of intra-arterial 
(IA) bevacizumab infusion coupled with mannitol-induced blood-brain-barrier disruption. By avoiding first pass metabolism and opening up the blood-
tumor interface, we believe we can expose tumors to higher concentrations of drug while reducing systemic toxicity. The safety of IA bevacizumab 
delivery has been demonstrated in our clinical trials in glioblastoma. 
 
Methods:  Mannitol (25%) and bevacizumab (15 mg/kg) were infused intra-arterially in four patients with NF2 and bilateral VS. The middle meningeal 
artery and anterior inferior cerebral artery were the predominant vessels infused. All patients received unilateral IA treatments resulting in a total of 
four VS treated. Volumetric analysis was performed on pre- and post-operative magnetic resonance imaging (MRI).  
 
Results:  We had previously performed three cases of longstanding VS (56 y/o M, 32 y/o M, 31 y/o F) and reported no adverse events either during 
the procedure or at one-month follow-up. T1 MRI at one month showed volume reduction of 19% in one patient (with subjective hearing improvement) 
and stable disease in the other two. We have recently performed a fourth case (26 y/o F) showing a 34% reduction in size at 5 days post-op. This 
patient received a subsequent dose of IV bevacizumab. No follow-up hearing assessments were performed within the time frame of this study.  
 
Conclusion: Intra-arterial delivery of bevacizumab is safe and may have a role in the setting of vestibular schwannomas associated with 
Neurofibromatosis Type 2. 

Full List of Authors: Kaleb Yohay MD1, Jared Knopman MD1, Athos Patsalides MD1, Howard Riina MD2, John Boockvar MD1
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Background: Schwannomas are common benign peripheral nerve sheath tumors composed of proliferating neoplastic Schwann cells. In contrast to 
neurofibromas, schwannomas are associated with nerves (usually present in the periphery of the tumor) but do not infiltrate and entrap nerves. In fact, the 
absence of entrapped axons can be used as a histological criterion for differentiating schwannomas from neurofibromas. However, schwannomas in the 
setting of schwannomatosis (SWN) and neurofibromatosis type 2 (NF2) are subjectively more complex both surgically and pathologically than solitary, 
non syndromic schwannomas. We hypothesized that axonal entrapment in schwannomas may account for the perceived surgical complexity. 
 
Objective:  The main goal of this study is to compare the number of entrapped axons in solitary, non-syndromic schwannomas and syndromic 
schwannomas as found in familial (fSWN), sporadic SWN (sSWN) and NF2, using neurofilament (Nfl) immunohistochemistry and a semi-quantitative 
pathological analysis. 
 
Methods:  A total of 67 schwannomas diagnosed between1987 - 2004 in MGH were retrieved from the MGH pathology files. Schwannomas were derived 
from four clinical subgroups: 9 fSWN, 21 sSWN, 20 NF2 and 17 sporadic. NF2 associated tumors were further categorized as vestibular (6) and non-
vestibular (14). Surgical complexity was rated as uncomplicated (no nerve damage, tumor fully excised), mildly complicated (no post-operative nerve 
associated symptoms, tumor fully excised) or complicated (post-operative nerve associated symptoms OR tumor not fully excised). Intratumoral axons 
stained with neurofilament were scored using a semi-quantitative scale of 0 = absent, 1 = few axons and 2 = moderate number of axons.  Peripheral/
subcapsular axons were not included in the analysis. Differences of intratumoral axons in the four clinical subgroups were analyzed using Fisher exact test.  
 
Results:  Familial syndromic schwannomas (NF2 and fSWN) had statistically significant higher number of entrapped intratumoral axons (11/28) than 
sporadic tumors (4/17, p<0.05). However, entrapped axons are present only in a third of the syndromic tumors.  
 
Discussion: Neurofilament immunohistochemistry may be helpful for clinical diagnosis in cases that many entrapped tumors are detected in a tumor, 
suggesting association with NF2 or SWN. However, the absence of entrapped axons does not rule out syndromic schwannomas. This finding may be 
one explanation for the clinical perception that surgical resection of schwannomas from patients with NF2 or SWN is more complex and associated 
with more post-operative nerve injury than sporadic schwannomas. 

Full List of Authors: Jillian Brockmann, Massachusetts General Hospital; Alvaro P Pinto, Massachusetts General Hospital, Asgeir D Nielsen, Massachusetts General 
Hospital, Scott R Plotkin, MD, PhD, Massachusetts General Hospital, Rebecca Bentensky,PhD, Harvard School of Public Health, Allan Belzberg, MD, John Hopkins 
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Initial Validation of the Pain Interference Index in Youth with 
Neurofibromatosis Type 1 

Background: Chronic pain is common in youth with NF1.  Measuring pain interference in children is challenged by a lack of brief, validated measures 
that include a parent proxy report.  Moreover, no measures of pain interference have been validated in youth with NF1.  The purpose of this study was to 
investigate the psychometric properties of the Pain Interference Index (PII), a 6-item questionnaire originally developed in Swedish for youth with chronic 
pain, in children and adolescents with NF1. 

Method:  We adapted the PII for English-speaking participants and created a parallel parent proxy measure.  Respondents indicate how much pain has 
interfered with the child’s life in the past two weeks from 0 = “Not At All” to 6 = “Completely”; higher mean scores indicate more pain interference.  
Eligible participants included individuals between 6 and 25 years with NF1 who were enrolled on a treatment or natural history study at the National 
Cancer Institute. Internal consistency was assessed with Cronbach’s alpha coefficients.  Validity was examined by correlating PII scores with existing 
measures of pain interference (Modified Brief Pain Inventory; MBPI) and pain intensity (Visual Analogue Scale; VAS).  The relationship between parent 
and child PII scores also was explored.

Results: Participants to date include 28 children and adolescents with NF1 (mean age 13.9 years, range 6-22) and their caregivers. PII internal 
consistency was .81 (Patient) and .96 (Parent).  PII-Patient scores were significantly correlated with MBPI scores (r = .82, p < .0001) and with a VAS 
self-report measure of pain intensity (r = .73, p < .0001).  The PII-Parent was significantly correlated with the parent’s VAS rating of the child’s pain 
intensity (r = .74, p < .0001).  The mean scores on the PII-Patient and Parent were 1.05 (SD=1.0, range 0-3.5) and 1.45 (SD=1.4, range 0-4.0). 
Parent and child scores were correlated (r = .57, p < .01) and not significantly different from each other (t = .98, p = .09).

Conclusions: The PII is a reliable and valid measure of pain interference in youth with NF1.  Internal consistency is high, and validity is supported by the 
PII’s strong correlations with other measures of pain interference and pain intensity.  Parents and children generally are in agreement about the child’s 
pain interference.  Thus, preliminary analyses indicate the utility of the PII for use with youth ages 6 to 22 years with NF1.

Full List of Authors: Staci Martin, PhD1, Shawn Nelson Schmitt, MA1,2, Pamela Wolters, PhD1, Andrea Baldwin, CRNP1, Rikard Wicksell, PhD3, and Brigitte Widemann, MD1
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Interaction of clinical disease severity and ADHD in adults  
with Neurofibromatosis Type 1

Objective: Our study aimed to test if there is an interaction effect of Neurofibromatosis Type 1 (NF1) disease severity and attention deficit hyperactivity 
disorder (ADHD) on personality and life satisfaction in adult NF1 patients.

Method: Adult NF1 patients with completed neuropsychological testing in a Neurofibromatosis referral center in Germany were analyzed retrospectively. 
Participants were clinically examined and rated for disease severity using the Riccardi Scale, and received questionnaires on personality traits (FPI-R) and 
life satisfaction (FLZ) using standardized measures. ADHD was diagnosed according to DSM-IV criteria. Multiple analyses of variance (MANOVA) were 
used to test interaction effects between ADHD and disease severity. 

Results: Of a total of 89 participants with NF1 (age = 35 ± 12; 34 women), 32 (36%) were diagnosed with adult ADHD. ADHD was equality distributed 
across severity grades (Chi² = 2.709, df = 3, p = .44), however none of the participants with high severity (n = 4) had ADHD. On measures of 
personality traits MANOVA yielded a main effect for ADHD (F = 2.38, df = 12, p = .01) but not for disease severity (F = .76, df = 36, p = .84). 
There was no interaction effect of the two. Main effects were found in the personality traits life satisfaction, performance orientation, excitability and 
emotionality. On measures of life satisfaction we found no main effect for individual scales for ADHD, but over two scales for severity – satisfaction with 
health  (F = 4.13, df = 3, p < .01), overall life satisfaction (F = 2.94, df = 3, p < .04). Furthermore, we found an interaction effect for satisfaction with 
health (F = 4.50, df = 2, p < .02). Whether it’s by main effect by severity or interaction, the trend of the data for NF1 participants with ADHD was that 
with increase of disease severity was a concomitant decrease of life satisfaction across all life satisfaction scales.

Conclusions: Our findings show that ADHD affects personality in adults with NF1, independently of disease severity. The interaction effects indicate that 
adults with NF1 and ADHD have more difficulty to cope with disease severity in term of finding satisfaction in life. Thus, adults with NF1 and concomitant 
ADHD may benefit from psychiatric and/or psychotherapeutic treatment.

Full List of Authors: Sofia Granström MSc, University Medical Centre Hamburg-Eppendorf; Robert A Leark PhD, Alliant International University, San Diego.
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SMARCB1 mutation in a 6 year old with acute recurrence of 
thoracic schwannoma

Case: We report a case of a 6-year-old Caucasian girl with SMARCB1 mutation who presented with a 4 month history of back pain that progressed 
rapidly to band-like thoracic paresthesias, gait ataxia, lower extremity allodynia and constipation. There was no previous history of trauma or falls; 
developmental milestones were reported on target. The family history was significant for multiple spinal schwannomas in father and paternal grandfather.  
Genetic testing for NF 2 was negative in the father. Her neurologic exam was significant for weakness, decreased sensation to all modalities with a 
sensory level at T7/8, absence of abdominal reflexes, lower extremity spasticity and hyperreflexia.  The skin exam showed two café-au-lait spots and 
no axillary freckling. MR imaging showed an extradural, intra and extra spinal thoracic mass at T4-T6 that was compressing the cord.  The lesion was 
completely resected, and final pathology was consistent with a cellular schwannoma WHO grade I, INI-1 positive and IDH R132 negative. The patient had 
recurrence of symptoms within 6 weeks of resection, and a postoperative MRI showed recurrence of tumor at the T4-T6 level, with increased spinal cord 
edema and cord compression. She underwent a complete tumor resection and the pathologic findings of this encapsulated cellular tumor was consistent 
with previous pathology.  In addition, Ki-67 immunoreactivity was approximately 12-20%. Testing for SMARCB1 was positive, which has been described 
in a small proportion of cases of familial schwannomatosis. NF2 mutation was negative.

Discussion: SMARCB1 is located in chromosome 22 near NF2.  Molecular analysis of NF2 in patients with Schwannomatosis has shown the 
presence of inactivating mutations in tumor cells, without evidence of germline mutations normally present in NF2 patients. SMARCB1 mutations have 
also been described in patients with malignant brain tumors or kidney tumors. In the case we present, the high Ki-67 labeling portends recurrence, 
however, there is limited available pathologic data to determine the significance of this finding.  Nevertheless, a similar pattern has been described in 
Familial Schwannomatosis (FS). Given the evolving understanding of the association between SMARCB1 and NF2 mutations with the development of 
schwannomatosis, genetic testing of patients and pedigree analysis of families with these mutations is crucial for better understanding of this complex 
disease.  Better understanding will aid in the development of therapeutic guidelines and screening recommendations for these patients.

Jennifer Mulbury, MD
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Underestimation of cancer risk in patients with NF1

Background: Patients with neurofibromatosis 1 (NF1) are at substantially increased risk for developing malignant peripheral nerve sheath tumors 
(MPNST) and malignant gliomas compared to unaffected individuals.  For patients with NF1, the estimated lifetime incidence for MPNST is approximately 
8-13%1 and the estimated risk of developing malignant glioma is approximately 8% by age 70.2  Accurate knowledge of cancer risk and the symptoms 
of malignancy is necessary to ensure timely treatment-seeking behavior. However, currently no studies have examined NF1 patients’ perceived risk of 
developing MPNST or malignant glioma.

Method:  We assessed NF1 patients’ perceived personal risk (i.e. own risk) and comparative risk (i.e. risk in relation to others) of developing MPNST and 
malignant glioma using 5-point Likert scales.  Multiple linear regression models examined the association between risk perception and emotional distress 
symptoms (depression [CES-D], perceived stress [PSS-4], and anxiety [STAI-T]) while controlling for socio-demographic characteristics. 

Results: 108 adults with NF1 participated (response rate=76%).  57% of respondents were female and 70% attended at least some college.  34% and 
45% of patients disagreed that having NF1 placed them at increased risk for MPNST and malignant glioma, respectively.  25% and 34% of patients did 
not recognize that their risk for MPNST and malignant glioma, respectively, was greater than the average person.  In independent regression models, 
increasing symptoms of anxiety and depression were significantly associated with higher perceived risk of MPNST and malignant glioma (p<0.01).  

Conclusions: A significant proportion of NF1 patients underestimate their risk of developing MPNST and malignant glioma.  Clinicians and foundations 
should develop novel ways to educate patients about their cancer risk, and future studies should examine the influence of these education efforts on 
psychosocial status.
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Precursor B-Cell Acute Lymphoblastic Leukemia (ALL) 
Associated with Neurofibromatosis, Type 1 (NF1)

Introduction: NF1 predisposes to the development of central nervous system neoplasms, primarily low-grade gliomas (most commonly optic pathway 
pilocytic astrocytomas), plexiform neurofibromas and malignant peripheral nerve sheath tumors (MPNST). Patients are also at heightened risk for the 
development of non-neural malignancies, such as juvenile myelomonocytic leukemia (JMML).  While childhood NF1 population studies also show an 
increased relative risk of developing non-myeloid hematolymphoid malignancies such as non-Hodgkin’s lymphoma (NHL) and lymphoid leukemia, there 
is a paucity of actual reported case descriptions of these associations.

Report: A boy with known NF1 (no OPG or other CNS lesions) was diagnosed with standard risk, MLL gene non-rearranged, precursor B-cell ALL 
at 2 years of age. Bone marrow cytogenetics revealed no abnormality of chromosome 17q, the location of the NF1 gene. Treatment consisted of 
conventional multi-agent chemotherapy for 3 years on a clinical research trial. He suffered an asymptomatic isolated bone marrow relapse 14 months 
after finishing therapy. Following successful re-induction and brief intensification drug therapy (minimal residual disease testing negative after 3 months 
of therapy), he underwent high-dose cyclophosphamide, ATG and total body irradiation preparation, followed by double unrelated umbilical cord blood 
stem cell transplantation. He experienced typical post-transplantation sequelae, including transient hepatorenal dysfunction, non-life threatening infection 
and arterial hypertension. No graft-versus-host disease occurred, but he developed symptomatic localization-related seizures that were controlled on 
antiepileptic medication monotherapy. He has experienced post-transplantation neurocognitive decline with deterioration in visual-spacial processing and 
attention. 2+ years following transplantation, he remains in remission, has 100% donor engraftment and his general clinical condition is excellent. MRI 
brain studies have shown no gliomata.  

Discussion: Malignant neoplasms are infrequent in children with NF1. While rhabdomyosarcoma, neuroblastoma, medulloblastoma and pineoblastoma 
have all been rarely reported, JMML and non-myeloid leukemia/lymphoma are the more commonly observed malignancies, with a several fold 
increased relative risk in NF1 population studies.  It is unclear what the precise NF1/neoplasm genetic or epigenetic association may be, though loss-of-
heterozygosity for 17q and hypersensitivity to cytokines has been observed in NF1/JMML. Our case is illustrative of the NF1/non-myeloid leukemia risk.  
We suggest ongoing reporting of this association in order to broaden our understanding of NF1 and neoplasia.

Full List of Authors: Richard P. Howrey, MD, Jeffery C. McGlothlin, MD, Beth Colaluca, PhD  Cook Children’s Medical Center, Fort Worth, Texas, USA. 
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Two segment contiguous 1.3Mb and 7.3Mb 15q13.2-q14 micro 
deletion syndrome encompassing loss of SPRED1 results in an 
NF1-l like or Legius Syndrome “plus” phenotype

Parag Patwardhan, PhD 
Memorial Sloan Kettering Cancer Center, New York

Introduction: Several RASopathy syndromes have overlapping features with Neurofibromatosis type 1 (NF1) including Legius Syndrome, caused by 
haploinsufficiency mutations of SPRED1 gene on chromosome 15q14.The reason for the phenotypic overlap is likely due to the fact that both these 
disorders encode proteins within the Ras-MAPK signaling pathway.

Case Report: We present the case of a 6 year old African American male with contiguous 15q heterozygous 1.3Mb and 7.3 Mb micro deletions presenting 
with a large number of café-au-lait skin lesions, peri-axillary freckling, macrocephaly, bilateral radius-ulna synostosis, sub mucosal bifid uvula, left 
posterior fossa arachnoid cyst, mild left cerebellar hypoplasia, gross motor and speech delays, mild mental retardation, autistic features, facial hypotonia, 
decreased muscle bulk, + Gower sign, +1 reflexes, hypertonia.  

Discussion: MBased on the clinical findings and the contiguous breakpoints over 15q13.2-q14 (chromosome 15: 28160686-29482614 NCBI36/
hg18 and chromosome 15: 30226176-37548650 NCBI36/hg18) encompassing SPRED1 gene, a diagnosis of Legius Syndrome “plus” was made. 
The smaller segment encompasses 2 genes known to cause monogenic disease TRPM1 and FAN1 and the larger segment encompasses four genes 
previously associated with monogenic disease SPRED1, SLC12A6, NOLA3, ACTC1, and a fifth gene  CHRNA7 implicated by association with epilepsy and 
schizophrenia and by micro deletion with mental retardation, epilepsy. Several phenotypes have been reported as a result of mutation/ association/ micro 
deletion of these genes, however the molecular mechanism relevant to heterozygote micro deletion in our case may explain the presence and/or absence 
of certain phenotypic features. Other 5.6Mb and 5.3Mb micro deletion syndromes of chromosome 15q have been reported in a young boy and a young 
girl respectively with the deleted segments/ genes and some phenotypic features overlapping with our case presented here. The 5.6MB deletion case did 
not describe skin findings even though the deletion encompassed SPRED1 (NCBI36/hg18).

Conclusion: We conclude that the heterozygote loss of SPRED1 in this 15q13.2-q14 micro deletion syndrome causes an NF1 like phenotype. However 
the severity and pervasiveness of developmental delays / autistic features and other minor anomalies is out of proportion to monogenic forms of Legius 
syndrome and could be related to presumed haploinsufficiency from other genes in the deleted segments; especially CHRNA7 and possibly other genes 
previously described with 15q micro deletion syndromes.

Additional Authors: Suneeta Madan-Khetarpal, MD1, Robyn Filipink, MD1, Amy Goldstein, MD1, Kathy L. Gardner MD1,2 
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MLN0128, an investigational selective TORC1/2 kinase 
inhibitor, demonstrates potent antitumor activity in preclinical 
model of malignant peripheral nerve sheath tumor

Parag Patwardhan, PhD 
Memorial Sloan Kettering Cancer Center, New York

Sarcomas, cancers of mesodermal origin, represent a heterogenous group of malignancies with limited treatment options available. The mammalian target 
of rapamycin (mTOR), a serine-threonine protein kinase, consists of two multi-protein complexes, TORC1 and TORC2, which regulate protein synthesis, 
cell proliferation, and metabolism. Rapamycin, a TORC1 inhibitor, and its analogs (rapalogs) have been disappointing in sarcoma clinical studies but 
inhibitors of TORC1/2 kinase have the potential of resulting in better outcomes. MLN0128, an investigational potent small molecule TORC1/2 inhibitor, has 
shown promising results in preclinical studies of various cancer types. We tested the in vitro anti-proliferative activity of MLN0128 in a panel of sarcoma 
cell lines including malignant peripheral nerve sheath tumor cell lines derived from patients with NF1 associated tumors. Our results indicate that when 
compared to rapamycin, MLN0128 is highly efficient in blocking proliferative activity of malignant peripheral nerve sheath tumor cell lines, MPNST and 
ST8814, at nanomolar concentrations. Western blot analysis confirmed the efficacy of MLN0128 in blocking TORC1/2 signaling pathway. Inhibition of 
TORC1 pathway by rapamycin in sarcomas has been shown to release negative feedback inhibition of receptor tyrosine kinases like IGF1-R and activate 
AKT (pAKT). Our data suggest that MLN0128, unlike rapamycin, effectively blocks both the phosphorylation of S6 and 4EBP1, the downstream substrates 
of TORC1, and specifically inhibits AKT phosphorylation at Ser473, the downstream substrate of TORC2. Our preliminary studies using MLN0128 in 
MPNST xenografts indicate that treatment with the drug is effective in reducing tumor growth and blocking TORC1 downstream targets in vivo. This 
superior activity of MLN0128 may be attributed to its apparent improved TORC1 inhibition compared to rapamycin. Taken together, our data supports 
further clinical research of MLN0128 in NF1 associated malignant peripheral nerve sheath tumors. Targeting TORC1/2 pathways using MLN0128 either 
alone or in combination with inhibitors of receptor tyrosine kinases could provide a new therapeutic approach in MPNST’s.

Full List of Authors: Shyamprasad Deraje Vasudeva, Memorial Sloan Kettering Cancer Center, New York. William Tap, MD, Memorial Sloan Kettering Cancer Center, New York
Elisa de Stanchina, PhD, Memorial Sloan Kettering Cancer Center, New York. Gary K. Schwartz, MD, Memorial Sloan Kettering Cancer Center, New York.
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Compared to their unaffected peers, the incidence of reading disability is significantly increased in children with NF1, with deficits in whole word 
recognition, letter-to-sound correspondences, phonological awareness and reading comprehension reported in the literature. Studies in the 
general population reveal that phonological awareness is one of the strongest overall predictors of reading ability and that systematic instruction in 
phonological awareness and phonics (knowledge of letter-sound relationships) result in significant reading gains for most children. The aim of this 
study was to examine the efficacy of a computer-based phonics training program in improving reading and reading related skills in children with NF1. 
 
The study comprised three phases (double baseline, treatment and maintenance), each lasting eight weeks. A comprehensive neurocognitive battery 
was administered pre-treatment and after each phase of the trial. To date, 22 children with NF1 and reading difficulties (7 - 12 years of age) have 
enrolled in the study and 18 have completed the intervention. Training consisted of one 20-30 minute session per day, five days per week for the 
duration of the treatment phase. The program automatically adjusts to each participant’s progress, presenting additional practice when necessary. 
Preliminary analysis revealed significant improvement in non-word reading (primary outcome) as well as a number of secondary outcome measures, 
including non-word reading fluency. Reliable change statistics revealed that completing the intervention resulted in significant improvement in non-
word reading for approximately two-thirds of the sample. If proven to be efficacious, this intervention will improve the short and long term outcomes 
of children with NF1.
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1. Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead, Australia. 
2. Discipline of Paediatrics and Child Health, Faculty of Medicine, University of Sydney, Australia.  
3. Children’s Hospital Education Research Institute, The Children’s Hospital at Westmead, Australia.
4. Murdoch Children’s Research Institute, Australia.

Funding: This study was funded by the Children’s Tumor Foundation Young Investigator Award and the Sherman Fellowship in Neurofibromatosis 1 Research Australia

Treatment of Reading Disability in Children with 
Neurofibromatosis Type 1: Preliminary Data

Jonathan Payne, DPsych 
The Children’s Hospital at Westmead, University of 
Sydney, Australia



90  |  Children’s Tumor Foundation  ·  Ending Neurofibromatosis Through Research

Objective: Besides the physical manifestations, neurocognitive and social deficits are frequently reported in children with Neurofibromatosis Type 1 (NF1). 
In this research project, we assessed the social behavioral and neurocognitive abilities of children with NF1 with and without co-occurring ASD compared 
to children with ASD (without NF1), and typically developing (TD) children.

Participants and Methods: A study was conducted in the University Hospital of Leuven (Human Genetics) to estimate the prevalence of social 
impairments and autistic symptoms in NF1 children. This information was collected from parents by using two questionnaires (SRS, CSBQ). Meanwhile, 
a task battery was developed measuring executive functioning (inhibition, cognitive flexibility, planning, working memory, and generativity) as well as local 
and global visual processing. 

Results: NF1 children in general show more social problems than a normal control group. A 27% minimum prevalence of ASD in NF1 was observed. 
Preliminary analyses show that children with NF1+ASD have problems with inhibition, working memory, local and global visual processing, compared to 
TD children. However, children with ASD are better in inhibition and global processing compared to the NF1+ASD group. 

Conclusions: The prevalence of social problems and ASD comorbidity is remarkably high in this group of NF1 children. Children with NF1+ASD and 
children with ASD have a different neurocognitive profile. This could be informative to clinical practice and provides directions for differential treatment of 
these disorders. However, the heterogenic manifestations of both NF1 and ASD have to be taken into account as well.

Full List of Authors: Ellen Plasschaert1,2, Lien Van Eylen3,4, Mie-Jef Descheemaeker2,4, Martine Borghgraef2,4,5, Diane Willekens4,5, Ilse Noens3,4, Jean Steyaert2,4,5 & Eric Legius1,2

1Department of Human Genetics, Laboratory for Neurofibromatosis Research, KU Leuven, Leuven, Belgium; 2Center for Human Genetics, UZ Leuven, Leuven, Belgium; 
3Parenting and Special Education Research unit, KU Leuven, Leuven, Belgium; 4Leuven Autism Research, KU Leuven, Leuven, Belgium; 5Department of Child Psychiatry, 
UPC-KU Leuven, Leuven, Belgium.

Neurocognitive profiling of NF1 children with and without  
co-occurring Autism Spectrum Disorder

Ellen Plasschaert
Department of Human Genetics, Laboratory for 
Neurofibromatosis Research, Belgium

Background: Low mean serum concentrations of 25-hydroxyvitamin D (25(OH)D) have been described in NF1 individuals compared with unaffected 
controls [ Lammert et al, 2006]. Vitamin D is involved in the generation of muscle strength [Pfeifer et al, 2002] and NF1 individuals were
found to have reduced maximal handgrip force (Fmax) [Souza et al, 2009] as well as overall reduced strength [Johnson et al, 2010] compared to healthy 
controls [Souza et al, 2009]. Hocket et al observed reduced muscle function in NF1 children with no relationship with 25(OH)D, also not different from 
NF1 unaffected siblings. However, to our knowledge, no attempt has been made to correlate serum levels of 25(OH)D and Fmax in adults with NF1.

Aims: To asses 25(OH)D serum levels and Fmax in adults with NF1 compared with unaffected controls matched by sex, age and physical activity levels. 

Methods: The first 22 eligible NF1 volunteers (11 male, 11 female) and 22 healthy controls (11 male, 11 female) were evaluated for Fmax using a handgrip 
dynamometer. Forearm circumference (cm) was measured with a tape and its cross sectional area was derived to express the force per unit of forearm 
area (N/cm2). Three measurements were performed and the mean Fmax of both hands used. Serum concentrations of 25(OH)D, calcium (Ca and Ca+),
inorganic phosphate (PO4) and parathyroid hormone (PTH) were measured. Data was presented as mean and standard deviation and compared using 
Student t test (parametric variables) and as median and interquartile range, compared with Mann-Whitney test (nonparametric variables). Spearman’s 
correlation coefficient was used. Probability values < 0.05 were considered statistically significant

Results: Fmax was reduced in NF1 individuals (6.7 ± 1.5 N/cm2) compared to unaffected controls (7.8 ± 1.7 N/cm2) (P=0.025). There was no significant 
differences in 25(OH), Ca, Ca+, PO4 and PTH between NF1 subjects (23.8 (11.5), 10.3 (0.8), 5 (0.3), 49.4 ± 15.8, 3.5 ± 0.6) and unaffected controls 
(22.6 (6), 10.2 (0.6), 5.1 (0.2), 46.8 ± 15, 3.8 ± 0.5) (P=0.927, 0.669, 0.416, 0.621, 0.126). No correlation was observed between 25(OH)D levels 
and Fmax (r=0.138) (P=0,416). 

Conclusions: Individuals with NF1 presented reduced Fmax but no significant relationship was observed with 25(OH)D serum levels.

Full List of Authors: Souza JF, MD; Rezende NA, PhD; Rodrigues LOC, PhD
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Background : Early diagnosis of neurofibromatosis type 1 (NF1) is useful in clinical managements of learning difficulties, nervous system tumors, 
osseous dysplasia and neurofibromas. Most NF1 new mutation patients present at birth with only multiple café aux lait spots (CALS), only one of the 
seven diagnostic criteria. Any other specific congenital NF1 signal could be interesting to assure NF1 diagnose. During evaluation of nearly 600 NF1 
patients, some of them presented the second toe uprighting and nearly superposing on the third toe (it was called Second Toes Signal – STS, Figure 1). 
We did not found STS previous report, regardless of its association with NF1. The STS was clearly different from syndactily and it was bilateral in all the 
cases, except in a NF1 patient with segmental NF1. 

Figure 1: 1 – A) Frontal view of a NF1 patient feet (34 y, female); B) Drawing of the Second Toes Signal; C) Lateral 
view of the right foot; D) Patient’s feet RX.

Aim: To compare NF1 STS prevalence with healthy individuals. 

Methods: A questionnaire (STS picture included) was sent by mail to 445 NF1 patients (at least three diagnostic 
criteria) and by e-mail to 86 non-NF1 volunteers with the question: Are your feet like that?

Results: In valid (39.2%) mail 167 answers, NF1 STS prevalence was 11.9% (11.1% men and 12.9% women, p>0.05). Of the 60 e-mail answers, only 
two persons answered positively (3.3%) (bicaudal chi-squared test p=0.0503): one of them actually showed halux valgus and the other one had STS 
exclusively in the left foot. Further studies are needed to confirm STS as a specific signal of NF1. If true, STS would be useful because it is present at 
birth (before the usual age of appearance of freckling, optical glioma, cutaneous neurofibromas and Lisch nodules) and it is more prevalent than osseous 
dysplasias. Moreover, the STS is easily diagnosed from clinical examination, without the need of further exam procedures, some of which would require 
anesthesia for younger patients.

Conclusion: STS is probably a specific congenital NF1signal.

Full List of Authors: Faria LPG, Diniz LM, MD,PhD, Rezende NA, MD, PhD, Rodrigues LOC, MD, PhD.
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Prevalence of an unreported Neurofibromatosis type 1 
phenotype: preliminary results
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Objective: Neurofibromatosis Type 2 (NF2) is not only associated with multiple
intracranial tumors, but also with tumors located in the spinal medulla. Data on natural growth of these tumors are rare, but indispensible in guiding 
patients and doctors in their management. The authors have evaluated radiographic data on intramedullary tumors in patients with NF2. 

Methods: From a group of 53 NF2 patients those with intramedullary tumors (n=19) were selected and their MRI scans and clinical course were 
analyzed. 

Tumor volumes were determined by volumetric extrapolation after segmentation in data sets (iPlanNet software, Brainlab, Munich). MRI data had to meet 
the following inclusion criteria: digital T2-weighted MRI scans had to be available from at least two investigations with a minimum interval of three months 
and tumors had to be assessable on at least two slices. Several pharmacological interventions were recorded during follow-up (Bevacizumab, Octreotid, 
Goserelin, Dexamethason and Hydrocortison)

Results: 16 patients, 8 males and 8 females, were included in this analysis (mean follow-up 41.3 ± 22.1 months, range 5 - 68 months). The mean age 
at initial evaluation was 30.9 ± 9.4 years (range 19 - 48 years).

Patients harbored 62 intramedullary neoplasms, 31 of which were assessable for growth analysis. 6 of those 62 tumors developed de novo over the 
course of the imaging follow-up. During follow up, 23 tumors (74%) exhibited slow growth, 4 tumors (13 %) did not grow at all, and 4 tumors (13%) 
decreased in size. Three patients required microsurgical resection of their intramedullary tumors due to growth and increasing clinical deficits.

Conclusion: Neurofibromatosis Type 2–associated intramedullary tumors usually grow slowly. However, as there is little room for compensation and little 
functional regeneration in the spinal medulla, in well accessible tumors microsurgical intervention may preserve important functional capacities.
Further attention will be directed towards the exact determination of specific growth patterns in this series.

Co-Author: Anna C. Lawson McLean 

Natural growth of intramedullary tumors in patients with 
neurofibromatosis type 2
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Resting-state functional MRI (rs-fMRI) is a noninvasive means of assessing the brain’s intrinsic functional architecture by measuring fluctuations in 
blood oxygen level-dependent (BOLD) functional MRI (fMRI) signal. This technology has been used in multiple other neurologic disorders, including 
ADHD, but has not been widely investigated in the NF1 population. The frontal lobe is responsible for multiple higher order cognitive functions such as 
planning, abstraction and decision-making. Research has demonstrated that NF1 patients frequently have deficits in frontal lobe functioning as well 
as a markedly increased incidence of ADHD.  

Hypothesis: We hypothesized that patients with NF1 would have poorly synchronized long distance connectivity between the frontal cortex and other 
brain systems and that this disruption plays an important role in cognitive dysfunction in this population.  

Methods: Resting-state fMRI was performed on 8 children with NF1 ages 10-15 years and 23 age-matched typically developing controls (mean 
age = 12.5). Data was processed using FMRIB Software Library. Raw data were motion corrected, skull stripped, band pass temporal filtered 
and smoothed. First level analysis modeled the global signal and the 6 motion parameters. Next, the residuals from this analysis were normalized 
to prepare for extraction of time series. The time series for a seed within the posterior cingulate gyrus (PCC), a key node within the default mode 
network, was extracted from the original residuals files. Then, subject-wise correlation models were run, generating contrasts corresponding to the 
partial correlation estimate with the PCC seed voxel entered as an explanatory variable. Demeaned clinician-rated ADHD-Rating Scale (ADHD-RS) 
scores were also included in the model. Corrections for multiple comparisons were carried out at the cluster level (voxel-wise, minimum z score > 
2.3; cluster significance; p<0.05, corrected).  

Results: The group-level analysis produced the following threshold z-score maps: 1) Maps of significant frontal connectivity off the PCC across the 
NF1 sample; and 2) Maps of PCC connectivity in relation to ADHD-RS scores. Within the NF1 group, a significant inverse correlation with ADHD 
severity was seen, indicating increased frontal-PCC resting functional connectivity in NF1 children with fewer ADHD symptoms.

Conclusions: Decreased long-range connectivity within the default mode network is related to attentional symptomatology in NF1 patients. These 
findings suggest a biological basis for attentional difficulties in children with NF1; and further, that resting state connectivity changes may be a 
possible mediator of treatment response, to be examined in future studies.  

Full List of Authors: Tena Rosser, MD, CHLA/USC; Katherine Karlsgodt, PhD, UCLA; Matthew Schreiner, BA, UCLA; Nicole Enrique, BA, UCLA; James McGough, MD, 
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Epilepsy Surgery in Patients with NF-1

Introduction: Epilepsy is characterized by recurrent seizures. The seizures are categorized as either generalized or partial seizures. Antiepileptic drugs 
(AEDs) are used to manage the seizures. NF1 patients have an increased prevalence of epilepsy, which may be difficult to treat. There is very limited 
data concerning patients with epilepsy and NF1 who underwent epilepsy surgery for seizures.  

Methods: WA literature review was preformed using PubMed, which did not yield pertinent articles. The authors performed a retrospective chart 
review of 7 Cleveland Clinic (CCF) patients with N.F.-1, known to have had epilepsy surgery.  

Results: The authors did not find relevant articles from the literature review. The authors did find 7 patients (3 pediatric and 4 adult) with NF1 that had 
epilepsy surgery. 5 of 7 did not gain complete seizure control from surgery, while 2 patients did. In the 5 patients that did not gain seizure control, the 
frequency and severity of seizures significantly decreased in 4 patients.

Discussion: The CCF review showed that 2 of 7 patients gained seizure control. Both had temporal lobe epilepsy and their MRIs showed high 
signal intensities. One patient had a hamartomatous lesion. NF-1 patients may have an increased number of hamartomatous lesions, dysphasias, 
heterotopias, malformations and migrational abnormalities. A search for such abnormalities in NF-1 patients is currently underway.

Conclusions: This small series demonstrates that in NF-1 patients with epilepsy and an operable lesion, as well as in NF-1 patients with uncontrolled 
seizures, epilepsy surgery should be considered. In addition, further sequential data regarding congenital abnormalities in NF-1 patients using the 
latest sophisticated techniques should be undertaken.  

Full List of Authors: Justin Wexler, Cleveland Clinic Foundation. Manikum Moodley, MD, Cleveland Clinic Foundation. William Bingaman, MD, Cleveland Clinic Foundation.
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The Incidence of Epilepsy among Pediatric Patients with NF-1

Introduction: Approximately 2% of the general population has epilepsy while that reported in patients with NF1 has been between 4.2% to 7%. There 
is insufficient literature addressing epilepsy within the pediatric NF-1 population.  

Objective: To review the literature regarding epilepsy in NF-1, specifically in pediatric patients, and to present data regarding epilepsy in a cohort of 
196 pediatric patients with NF1.

Methods: Literature review using PubMed articles from 1993-2012, limited to articles in English and focused on pediatric patient’s ages 0-18 years. 
The majority of the data emanated from articles on epilepsy in NF-1 patients of all ages. The rest of the research papers addressed other areas of 
NF-1 with brief mention of epilepsy in their patient population.

The authors performed a retrospective study ( January 2010-May 2012), on 196 pediatric patients ( ages 14 months to 18 years) with NF-1.  

Results: The literature review showed a definitive increase in the incidence of epilepsy among NF-1 patients. The combined data from the literature 
yields 127 with seizures out of a total of 2,378 (5.3%) NF-1 patients with complex partial seizures being the most common seizure type among NF1 
patients. Of the 196 Cleveland Clinic Foundation pediatric patients, we identified 12 patients (8 male, 4 female) with seizures; 9 (4.6%) with epileptic 
seizures and 3 (1.5%) with febrile seizures.

Discussion: The frequency of seizures in the authors’ population was 12 in 196 (6.1%). The study found 9 (4.6%) patients experiencing epileptic 
seizures and 3 (1.5%) with febrile seizures. This figure is consistent with the literature for the adult NF-1 population. Both populations show a higher 
incidence of seizures than seen in the general population.

We were not able to determine the etiology of our patient’s seizures. Neuroimaging detected 6 patients with noteworthy MRI findings, believed to be 
related to their seizures. In the 6 other patients, EEG and MRI did not provide any explanation for the seizures.

Conclusions: The incidence of epilepsy in NF-1 patients was 4-7%; 2-4 times greater than the general population. Whether NF-1 patients have a 
greater likelihood of febrile seizure remains undetermined. Whether specific AED are more useful as is Vigabatrin in T.S. patients with infantile spasms 
needs further data.  

Full List of Authors: Justin Wexler, Cleveland Clinic Foundation. Manikum Moodley, MD, Cleveland Clinic Foundation. 
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Massive Soft Tissue Neurofibroma (Elephantiasis  
Neuromatosa)–case report and review of literature

Objective: We aim to describe a case of a 22 year-old gentleman with Massive Soft Tissue Neurofibroma - MSTN (also known as elephantiasis 
neuromatosa) and review the literature.  

Methods: We present the clinical progression and radiological findings of a 22 year-old male with MSTN who is being followed by the Children’s 
Hospital at Cleveland Clinic. We also gathered a total of 71 case reports (PubMed manuscripts published from 1929 to 2012) with a total of 
91 patients, in order to compare the clinical findings and management of this condition. This study is the largest review of literature on MSTN/
Elephantiasis Neuromatosa to date.  

Results: A total of 71 case reports (91 patients) were reviewed. The mean age by the time of evaluation was 21 years (ranging from 3 months to 
67 years of age). 66% of cases were male. The onset was predominantly reported during childhood years (1 to 18 years of age), and in 39% of 
cases the tumor was present since birth. The commonest affected body segment was the lower extremity (46%) followed by head/neck (30%), trunk 
(including back, abdomen and genitalia -15%) and upper extremity (9%). Imaging was the preferred type of assessment, with CT and MRI being the 
most common. With regards to management, surgical approach was pursued in the majority of cases (79%: amputation 11% and partial resection 
68%) while conservative approach (no biopsy/surgical intervention) was reported 7% of cases. Bleeding was the most frequent complication during 
surgery. Recurrence of tumors was described in 12% of cases, and multiple resections due to recurrence were not rare. Malignant transformation 
into MPNST occurred in 5% of cases.

Conclusions: MSTN is a rare condition exclusively affecting patients with NF type 1. Although initial findings of MSTN are noticed during the first 
years of life, it is hard to predict progression and whether surgery is beneficial in early stages. Surgical management is often associated with risk of 
massive bleed. Malignant transformation accounted for 5% of cases. Although clinical trials on new therapeutic options for PN may also be applied to 
MSTN, there is still lack of targeted research to this rare but dramatic condition.  

Full List of Authors: Santos-Pinheiro, Fernando MD and Rothner, A. David MD – Cleveland Clinic.
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Copy number variants in monozygotic twins with 
neurofibromatosis 1

Neurofibromatosis type 1 (NF1) displays extremely variable clinical expressivity, occurring within members of the same family and even within 
monozygotic (MZ) twin pairs. We have performed an exploratory study of copy number variants (CNVs) in MZ twins to investigate differences in 
CNVs as a possible mechanism for variable expression of NF1 features.  Eleven pairs of MZ twins (ages 5-19 years) were studied for phenotypic 
features, and blood and saliva were obtained for Nf1 genotyping and microarray. Twin pairs were concordant for many traits such as pectus 
deformity, learning disability, and numbers of café-au-lait spots, but were discordant for other features including optic nerve glioma, scoliosis, 
plexiform neurofibromas, and MPNST.  We tested DNA samples of twins and their parents on the Illumina 610K SNP-based microarray, which detects 
microdeletions or microduplications of > 80 kb. CNVs were compared within twin pairs and their parents to investigate for de novo changes or 
association with specific complications.  

Results: All twin pairs analyzed contained CNVs, with a mean of 18.9 raw CNVs (7.4 conservative CNVs) per twin pair, and a mean of 3.4 CNVs 
containing genes. Five (5) CNVs had not been previously reported. None of the CNVs were de novo, and none were discordant within twin pairs, thus 
not supporting the hypothesis that de novo CNVs could result in discordant NF1 phenotypes within twin pairs. No significant differences were seen 
between CNVs in blood versus saliva samples.  A large duplication CNV on chromosome 17q (in trans to the NF1 mutation) was noted in a twin pair 
with severe paraspinal tumor involvement and cognitive impairment, and may have played a role as a modifier for severe tumor burden phenotype. 
A CNV on chromosome 10p11.23 was seen in a twin pair concordant for mild scoliosis, and overlapped a known scoliosis CNV.  We did not find 
significant overlap between the twins’ CNVs and those reported in NF1-related tumors.  Several genes in close proximity to reported CNVs deserve 
further study.  Future studies with larger numbers of NF1 patients may be helpful in evaluating these possible CNV correlations.  
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Oromotor and Specific Communication Disorders in Children 
with NF1

Various communication problems have been described in children with NF1. Clinical observations suggest that these problems persist over time and 
continue into adulthood.  This type of problem is important to persons in this population, not only because of the impact in academic achievement, 
but also because of the effect it has on their social interactions. Examples of common types of communication disorders found in patients with 
NF1include dysarthria, oro-motor dyspraxia, velopharyngeal insufficiency.  There have been suggestions that these types of oromotor disorders may 
be associated with structural lesions in brain stem. We describe the clinical evaluation of a group of patients attending our Neurofibromatosis clinic 
whose clinical assessment included concerns for communication disorders. As part of their clinical care, many of these patients also received an 
MRI.  This allowed us to review the MRI and coordinate those results with the assessment findings regarding their communication disorders.

Material and Methods: A total of 28 Patients with diagnosis of Neurofibromatosis type 1 (21M:9F; Age: 2-12 y/o; average age:5.1 years) whose 
received clinical care in the Neurofibromatosis Institute were evaluated during the period of February 2011- February 2013 by the Hearing and 
Speech Department at Children’s National Medical Center.  Speech and language evaluation included: receptive and expressive language, articulation, 
oro-motor, resonance, voice, fluency and pragmatic language. A simple scoring system based upon the interpretations provided in standardized tests 
and clinical observation of clinicians was developed.  Each component of the evaluation was defined as severe (1), moderate (3), mild (2), normal 
(1).  MRI report from  23/29 patients were reviewed for the presence of tumors or other structural lesions.   

Results: Patients with NF1 exhibit deficits in all assessed areas, being the most affected Speech/articulation 21/29; Oro-motor 24/29; Resonance 
10/17. The most preserved areas included: Fluency, pragmatic language and receptive language.  Severe to moderated oromotor function and speech 
and articulation were present in more than 50% of patients. Brain MRI did not show any brain stem tumor or any other abnormality that could explain 
the speech and articulation problems. 

Conclusions: Oromotor dysfunction and communication speech problems are very frequent in patients with NF1 and present from early childhood 
into adulthood.  The fundamental deficits that explain these alterations is unclear. Clinically it appears these disorders may be associated with 
muscular dysfunction, cerebellar alterations or praxias. Correlations with complete cognitive testing and localization and severity of the T2H need to 
be considered to better understand the etiology. Intervention to improve articulation and speech alterations early in life may decrease impact in social 
interaction and self-esteem. Longitudinal evaluations are necessary.

Full List of Authors: Peter Shibuya NP; Sheela Stuart PhD; Chris Ritthaler PhD; Karenna Rowenhorst PhD; Margarita Bautista-Viga PhD; Roger Packer MD;  
Maria T. Acosta, MD
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Disrupted functional connectivity in NF1 patients with  
and without optic pathway gliomas

In neurofibromatosis, disruption of connectivity of the central nervous system occurs at multiple levels. These include synaptic plasticity, axonal 
integrity, and gross level reorganization; for example due to low-grade gliomas and other anatomical NF-related changes. It is possible that some 
of the NF1-associated cognitive impairments are caused by these structural changes. The basal ganglia are implicated in movement control as 
well as in procedural learning and cognitive coordination. We sought to characterize the organization of the visual, motor and attention networks 
in NF1 patients with (N=13) and without (N=11) OPG. We hypothesized that the presence of OPG is an indication for (1) additional burden on 
the visual system and subsequent reorganization abnormalities, and (2) an indicator for heavier NF1 burden and therefore potential reorganization 
abnormalities that are beyond the visual system. Resting state functional connectivity MRI is a novel method utilizing spontaneous fluctuations in the 
blood-oxygenation level dependent signal measured in fMRI for the detection of functional neuronal networks. This method is useful for the evaluation 
of cortical organization of patients unable to cooperate in conventional fMRI. In this study, we utilized this method for the evaluation of functional 
networks in toddlers and young children (age 2-10, N=24) undergoing routine, clinical MRI while under anesthesia. Initial analyses demonstrate 
differences in recruitment of the visual cortex and regions implicated in attention between the groups. Further, we observed a differential recruitment 
of the basal ganglia suggesting a heavier reliance on this system. These results suggest that OPG in NF1 patients cause systemic changes in 
functional connectivity and cortical organization. Further clinical studies and comparison to pre-clinical models are needed to verify these results.  

Full List of Authors: Shofty Ben MD, The Gilbert Israeli NF Center, Tel-Aviv Medical Center; Rappaport Faculty of Medicine, Technion, Lesman Orit MD Rappaport Faculty 
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The effect of chemotherapy on NF1 associated optic pathway 
gliomas and their sub-components utilizing volumetric MR 
analysis

Optic pathway gliomas (OPG) are one of the hallmarks of NF1, presenting in 15-30% of these patients. Approximately 15-20% of the patients with 
OPG experience progression, visual morbidity, and require treatment with chemotherapy. Introduction of novel volumetric imaging methods enable 
accurate assessment of the tumoral changes under chemotherapy. In this study we examined the effect of chemotherapy on the gross total solid 
volume (GTSV) of the tumor as well as its various sub-components. The tumors of ten NF1 patients (7 boys, mean age at treatment initiation was 7 
years) with OPG were measured using our novel, previously described method [1, 2]. All of the patients were treated with vincristine and carboplatin 
protocol. Two MR studies per patient were included in this study. One MRI performed before initiation of treatment, and one after a period of at 
least 6 months on the protocol. Volumetrics of the gross total solid volume, solid-non-enhancing, solid-enhancing, and cystic components were 
calculated. The relative percentile change of each of the component following treatment was calculated. During the treatment period with vincristine 
and carboplatin an average reduction of 11% in the GTSV was noted. Solid-non-enhancing components were reduced by an average of 6%, solid-
enhancing were reduced by 7% and the cystic component progressed under therapy by an average of 50%. In this limited series, treatment with 
vincristine and carboplatin seems to have an effect mostly on the solid components. The cystic component seems to be unaffected by chemotherapy 
and contributes to the subsequent growth of the gross total volume, but not of the GTSV. Larger prospective studies are needed to verify this 
preliminary finding. 

Full List of Authors: Shofty Ben MD, Mauda-Havakuk Michal MD, PhD, Constantini Shlomi MD, M.Sc, Ben-Bashat Dafna PhD, Dvir Rina MD, Pratt Li-Tal MD, Weizman Lior 
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Introduction: Bevacizumab treatment is associated with tumor shrinkage and hearing improvement in about 50% of neurofibromatosis 2 patients with 
progressive vestibular schwannomas. Hypertension and proteinuria are common side effects of this drug in cancer patients. However, the toxicity 
of long term treatment in this younger population has not yet been documented. In this report, we describe the time course of bevacizumab-related 
toxicities in NF2 patients with a focus on hypertension and proteinuria.  

Methods: We reviewed the medical records of all NF2 patients treated with compassionate care bevacizumab at our institution. Hypertension was 
defined	as	a	systolic	blood	pressure	of	≥	140	or	a	diastolic	blood	pressure	≥	90	according	to	the	guidelines	of	the	Seventh	Report	of	Joint	National	
Commission on Hypertension (JNC 7). Proteinuria was measured by urine dipstick. Time-to-event analyses were performed for both hypertension 
and proteinuria. The relationship between cumulative dose of bevacizumab and hypertension in the first treatment interval was examined using a 
mixed model with subject as the random effect.

Results: 33 patients were included in the study (16 men, mean age 31 years, range 13-76). The median time of treatment and follow-up was 34.1 
months. During treatment, 17 patients became hypertensive and19 developed proteinuria. 11 patients had both hypertension and proteinuria while 8 
did not develop either manifestation. The median time to hypertension was 11.5 months. The median time to 1+ proteinuria was 23.7 months, to 2+ 
proteinuria was 31.9 months, and to 3+ proteinuria was not reached. 14 patients had treatment holidays for toxicity, including 2 for hypertension and 
4 for proteinuria. The median length of drug holiday was 4.2 months (range 1.7 to 13.4). A significant positive relationship exists between cumulative 
dose of bevacizumab and hypertension (p < 0.0001). 

Conclusion: In our cohort of NF2 patients, extended use of bevacizumab was associated with manageable toxicity. Careful monitoring of blood 
pressure and proteinuria is warranted in this population.  Future studies of bevacizumab should include the optimal dosing schedules (e.g. scheduled 
drug holidays) to minimize long term toxicity. 
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Outrageous Fortune:  An Intervention to Manage NF-Related 
Stigma

Are there strategies that adults with neurofibromatosis (NF) can employ to cope with the slings and arrows of NF-related stigma? Stigma is an 
attribute that is discrediting (Goffman 1963). Stigmatization is a social process that devalues an individual with an undesirable attribute (Mill 
2010). Distinction is used in lieu of pejorative labels (e.g., deformed abnormal, aberrant, disfigured). Distinction is a relatively neutral word and 
an appropriate descriptor for a culturally devalued attribute. NF-related physical distinctions are stigmatizing because the observed social identity 
which includes the attributes the individual possesses does not meet society’s normative expectations of the attributes that the individual should 
possess. With few exceptions the literature on NF has not examined pro-social coping strategies among adults with NF. Extant research addresses the 
concerns of children, adolescents and families affected by NF. The preponderance of the research on adults with NF is in the medical domain. There 
are case studies or personal experiences about living with NF but these are often presented within the context of “overcoming adversity”. There are 
limited empirical studies that examine coping with NF-related stigma (Granstrom, et al. 2012, Wang, et al. 2012, Ablon 2002, Solomon, 1998) and 
few intervention models that may assist affected individuals to cope with NF-related stigma. 

The theoretical model that supports our discussion and intervention is that affirming social contact and positive reactions from others affect how 
people feel about themselves, the quality of their social interactions, and their psychological and physical well-being. Individuals who possess 
attributes that convey a devalued social identity within a particular context are at risk for stigmatization and social exclusion. Some adults with NF 
are able to utilize a variety of pro-social coping strategies to manage an impermanent and hostile social landscape while others may be less able to 
muster sufficient personal or external resources to effectively manage NF-related stigma. The important and novel contribution of our model is to 
begin a discussion of successful management of NF-related stigma with an eye towards developing an intervention trial to bolster the capacity of 
adults to manage NF-related stigma. 
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NF1 myocardial mass and cardiac function echocardiography 
measurements are similarto unaffected controls

Background: Aerobic capacity (VO2max) reflects the functionality of respiratory, muscular and cardiovascular systems [Lee D-c et al, 2010]. It has 
been observed that individuals with NF1 have normal pulmonary function, respiratory muscle weakness [Souza et al, 2012], reduced maximal 
handgrip force (Fmax) [Souza et al, 2009], earlier vascular involvement [Friedman et al, 2002] and decreased VO2max [Souza et al, 2013]. To better 
understand the cardiac component of VO2max in individuals with NF1, we performed echocardiography measurements of their myocardial mass and 
cardiac function. 

Aim: To compare NF1 myocardial mass and cardiac function (measured by Doppler echocardiography) with unaffected controls matched by sex, age 
and physical activity levels. 

Methods: Data was obtained by transthoracic echocardiography of 20 individuals with NF1 (11 male, 9 female) and 21 unaffected controls (10 male, 
11 female). Systolic and diastolic cardiac function was evaluated using conventional M Mode, 2D and Doppler echocardiographic indices (ejection 
fraction – EF and left ventricular fractional shortening – LVFS). EF was calculated using the Teichholz method and left ventricle myocardial mass 
(LVMM) obtained by American Society of Echocardiography-Penn convention formula (Vivid 7 GE scanner, Horten, Norway®). Strain measurements 
were performed offline, with dedicated automated software EchoPac PC, version 11.1.0. GE®. Each LV wall was divided in 3 segments and a global 
systolic longitudinal strain (GSLs) was obtained. Data was presented as mean and standard deviation and variables were compared using Student t 
test. For multiple comparisons, analysis of variance was used. Probability values < 0.05 were considered statistically significant.

Results: There was no statistically significant difference in LVMM (indexed to body surface area) in controls (75.5 ± 13.2 g/m2) compared to 
individuals with NF1 (74.1 ± 18.7) (P=0.793). Radial cardiac function measured as EF (%) and LVFS (%) was statistically greater in NF1 group 
(70.7 ± 5.8; 39.7 ± 4.3) than in control group (67.5 ± 3.5; 36.8 ± 2.6) (P=0.025; 0.008), after adjustments for weight (without clinical 
implications that could explain the lower VO2max previously observed in individuals with NF1). No difference in GSLs was observed between the
two groups (-20.3 ± 2.05, NF1; 19.8 ± 1.4, controls) (P= 0.427).

Conclusion: Individuals with NF1 presented normal cardiac mass as well as myocardial radial and longitudinal function when compared with 
unaffected controls.
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Neurofibromatosis type 1 (NF1) is one of the most common cancer predisposition syndromes; the incidence is 1 in 3,500 worldwide.  Several studies 
have identified an increased risk of cancer in women with NF1. However, the increased risk for specific cancer types has not been clearly defined. 
Additionally, it is unclear whether certain clinical features of NF1 are associated with a personal history of cancer. In this multicenter collaborative 
project, a chart review was performed on 203 women with NF1.  Information on clinical features of NF1 and cancer diagnoses was collected. 
Malignant solid tumors, hematological malignancies and central nervous system tumors were classified as “cancer” in this study.  There were 56 
individuals with recorded plexiform neurofibromas, 16 with optic gliomas, and 9 with malignant peripheral nerve sheath tumors (MPNSTs).  Based 
on current data, 21.7 % (44/203) of the women have had a previous diagnosis of cancer.  The most common cancer types observed were breast 
cancer (10/203), optic gliomas (16/203), astrocytomas (8/203), MPNSTs (9/203), glioblastomas (3/203) and gastrointestinal stromal tumors (GISTs) 
(2/203). Seven of the 44 women had two primary cancer diagnoses and three of the 44 had three primary diagnoses.  Additionally, a difference in 
clinical features was observed between women with and without a cancer history. Optic gliomas were seen more often in women with a history of 
other cancers compared to those without (20% vs. 12.4%). Similarly, MPNSTs were observed more often in women with a history of other cancers 
(10.3% vs. 3.5%). Conversely, plexiform neurofibromas were observed less often in women with a history of cancer compared to those without 
(25% vs. 42.1%). Less than 2 dermal neurofibromas  and less than 6 café-au-lait macules were observed more often in women with a history of 
cancer, 20.5% vs. 16.4% and 35.3% vs. 21.9% respectively.  The statistical analysis is pending at this time. Our results suggest a higher incidence 
of certain cancers in women with NF1 and a possible difference in NF1 phenotype between women with and without a cancer history. Knowledge of 
which cancers are common in women with NF1 and which clinical features are associated with this increased risk would be instrumental in guiding 
early cancer screening guidelines. This study is funded by the Department of Defense (DoD) Congressionally Directed Medical Research Programs 
(CDMRP). 
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Objective: Whereas T2 hyper-intensities known as unidentified bright objects (UBOs) are often incidentally found and well described in magnetic 
resonance imaging (MRI) studies of patients with neurofibromatosis type I (NF-1), there is a paucity of data on the existence of incidental findings in 
patients with neurofibromatosis type II (NF-2).  We aim to characterize unexplained imaging findings in the brains of patients with NF-2.

Methods: Data was retrospectively analyzed from 33 patients with NF2 seen at the Neurofibromatosis Center at Weill Cornell Medical College that 
had one or more brain MRIs obtained between 2000 and 2012.   T1 and T2-weighted imaging characteristics, diffusion weighted imaging (DWI) 
characteristics, and enhancement patterns were analyzed to characterize associated abnormalities.  Clinical data at time of imaging was available for 
all patients.

Results: We found unexplained T2 hyper-intensities present on initial imaging in 22/33 cases (67%).  Of 69 total incidental lesions, only one was 
hyper-intense on T1-weighted sequences.  Only one lesion was restricted on diffusion weighted imaging, and only three lesions enhanced with 
gadolinium administration.  Of the 22 cases with unexplained findings, 14 (63%) had wedge-shaped T2 hyper-intensities in the subcortical white 
matter extending to the cortex suggestive of a cortical dysplasia.  3 additional cases (17%) had a lesion within the cerebellum suggestive of a 
neuronal migration anomaly.  

Conclusions: Unexplained T2 hyper-intensities occur frequently in patient with NF-2.  While they may not be the NF-2 equivalent of UBOs seen in 
NF-1, some of these T2 hyper-intensities in patients with NF-2 may represent underlying disorders of neuronal migration.  These abnormalities may be 
explained by the role of merlin in neuronal migration.  Further studies are needed to validate our findings.
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Objective: NF2 is a nationally commissioned service provided in four centres in England. Each provides an MDT service for adults and children. In 
Manchester the service looks after 21 children. We present the characteristic features of presenting mononeuropathies in children and describe a first 
reported case of a recurrent partial third mononeuropathy.  

Methods: Retrospective case note review of patients currently in the paediatric service which commenced in 2010.

Results: 21 NF2 patients.

Mean (range) age 11.9 (2.3-16.3) years: 7 sporadic cases mean (range) age 11.7 (2.3-15.8) years all of whom were symptomatic by 6 years and 
14 Familial cases Mean (range) age (5.4-16.3) years of which 9 remain asymptomatic. The earliest presentation was at three months in a sporadic 
case. The total number of children with mononeuropathies unrelated to tumours was four with equal distribution in the sporadic and non sporadic 
cases. The nerves involved were two in the sporadic cases both facial nerve (one nonsense mutation and one heterozygous deletion) and both 
exhibiting some recovery with a relapsing course. In the familial cases one child presented with a median nerve neuropathy at three years of age with 
a similar history in two affected members in her family. (splice donor site mutation) One child presented with isolated recurrent unilateral third nerve 
palsy. (Mutation unidentified as yet) Initially complete recovery was observed over weeks between recurrences but this is less in the more recent 
presentations with some permanent deficit following the last recurrence. The same child has also developed an ulnar nerve mononeuropathy.

Conclusions: NF2 is a tumour-prone disorder which can present in a variety of ways in children. The commonly recognised presentation of vestibular 
schwannoma related symptoms in adults is unusual in children. Isolated mononeuropathies are one of the commoner presenting features. Lack of 
recognition of this presenting phenotype leads to delay in diagnosis particularly in the sporadic cases which often have a more severe clinical course. 
We also describe a first case of a recurrent isolated third nerve palsy.  

Full List of Authors: G. Vassallo, D. McAleer, SM. Huson, DGR. Evans. Complex NF2 Service, St Marys Hospital, Central Manchester Foundation Trust.
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A Relaxation Response Resiliency Program (3RP) for patients 
with Neurofibromatosis 1 (NF1), Neurofibromatosis 2 (NF2)  
and Schwannomatosis: Results from an open pilot study

Introduction: The neurofibromatoses (NF) carry a significant psychosocial burden. Aspects of NF that are especially challenging include the 
unpredictable nature of the disease, the variability in severity of symptoms and medical complications, uncertainty in progression, and vulnerability 
to stigmatization due to the highly visible and often cosmetically disfiguring features of the condition. Thus, individuals may struggle to adapt to 
their condition and, consequently, experience poor quality of life. Mind-body interventions have been found efficacious in improving psychosocial 
functioning of patients with various chronic illnesses, but they have not been yet studied in patients with NF. We conducted an open pilot of a group 
based mind-body intervention, the Relaxation Response Resiliency Program (3RP) in patients with NF. We set out to determine the preliminary 
acceptability, feasibility, and clinical outcomes of the intervention.  

Methods: The pilot group included 6 adult patients (5 men) diagnosed with NF1 (3), NF2 (2), or schwannomatosis (1) who received care at the 
Family Center for Neurofibromatosis at Massachusetts General Hospital in Boston. Patients underwent 8 weekly group sessions lasting 1.5 hours. 
Patients completed psychosocial measures before and after the intervention. Patients also participated in an end-of-study structured exit interview. 

Results: The intervention had good acceptability and feasibility as shown by low attrition rate (only 1 participant did not complete at least 6 of 8 
sessions) and by positive feedback on the helpfulness of the intervention during the exit interview. Of the 6 participants, 4 experienced improvement 
in overall stress (37% improvement), social support (27% improvement), optimism (10% improvement), satisfaction with life (23% improvement), 
resiliency (42% improvement), coping with pain (21% improvement) and sleep (85% improvement), while 2 did not change. The small sample size 
precluded use of any inferential statistics and dictated only the most conservative interpretation of these data. Of the 2 patients who did not improve, 
one attended only 5 of 8 sessions due to NF-related medical procedures, and the other was not on a stable dose of antidepressant medication during 
the trial, and was referred for psychiatric care in conjunction to the group. 

Conclusions: These results show preliminary evidence of acceptability and feasibility of the 3RP in NF patients. Qualitative exit interview data shows 
subjective improvement and helpfulness of the intervention. Objective clinical outcome data shows potential for improvement in psychosocial 
functioning after the intervention. The treatment manual is currently being revised based on feedback from patients, in preparation for a randomized 
controlled trial. 

Full List of Authors: Ana-Maria Vranceanu, Vanessa L. Merker, Elyse R. Park and Scott R. Plotkin – Harvard/MGH.

Ana-Maria Vranceanu, PhD
Massachusetts General Hospital 
Harvard Medical School



2013 NF Conference ·  Monterey, CA ·  June 8-11, 2013  |  101    

Background: Disruptions in neurocognitive development are common in children with NF1, with a high prevalence of disorders associated with 
attention and executive function (EF) impairments. Executive function has been posited to play a role in social functioning in healthy children and those 
with Attention-Deficit/Hyperactivity Disorder (AD/HD), a highly prevalent disorder in the NF1 population. This study aims to examine the association 
between executive dysfunction and social impairments in children with NF1.  

Methods: This is a cross-sectional, retrospective study of children with NF1 ages 4 to 17 (Mean=9.82; SD=3.5). Gender was 54% male, and 
average IQ was 95.12 (SD=16.6). The Achenbach CBCL and the Parent BRIEF were administered as part of a full clinical neuropsychological 
evaluation. Pearson correlations were computed between the eight EF domains (BRIEF), the anxiety/depression scales (CBCL), and the Social 
Problems scale (CBCL). Next, a partial correlation was computed controlling for anxiety and mood symptoms. Finally, linear regression analysis was 
employed to determine the unique variance of neuropsychiatric and EF impairments on social problems.  

Results: Bivariate correlation analysis yielded significant relationships between all domains of EF and social problems (Global Executive Composite 
p=.000; r=.45). Significant relationships were also identified between anxiety/depression (Internalizing p=.000; r=.62) and social problems. 
Controlling for anxiety and depression resulted in only the Inhibit (p=.000; r=.44) and Monitor (p=.000; r=.50) scales remaining significant 
with social problems. Finally, regression analysis revealed that Internalizing symptoms contributed significantly to the model on social problems, 
accounting for 35% of the variance. EF did not contribute significantly to the model.

Conclusions: Internalizing neuropsychiatric problems (e.g., anxiety, depression) appear to be under-recognized in the NF1 population. The presence of 
these symptoms appears to relate significantly to social impairments to a greater extent than the presence of executive dysfunction. The identification 
and treatment of anxiety and mood disruption is vital in improving the quality of life in children with NF1 and may improve social functioning, a known 
deficit in this patient population.  
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A Phase I Study of the MEK1 Inhibitor AZD6244 Hydrogen 
Sulfate (Selumetinib Sulfate) in Children and Young Adults 
with Neurofibromatosis Type 1 (NF1) and Inoperable Plexiform 
Neurofibromas (PNs)

Background: PNs in NF1 cause substantial morbidity. Surgery, the only standard treatment, is not feasible for most PNs due to their infiltrative nature, 
and large size. The NF1 gene product neurofibromin accelerates Ras-GTP hydrolysis to Ras-GDP and thus functions as a potent negative regulator of 
Ras. Lack of functional neurofibromin in NF1 leads to dysregulated Ras and tumorigenesis. Inhibition of Ras activity is therefore a rational target for 
NF related PNs. AZD6244, an orally bioavailable specific inhibitor of MEK1, may inhibit PN growth by blocking of Ras signaling.  

Methods: We are conducting a phase 1 trial of AZD6244 in children 3-18 years old with NF1 and inoperable PNs. Planned AZD6244 dose levels are: 
20, 30, 40 (adult recommended dose), and 50 mg/m2/dose BID on a continuous dosing schedule (1 cycle = 28 days). The maximum tolerated dose 
is determined based on toxicities observed during cycles 1-3. Response is monitored with MRI and volumetric analysis after 5 and 10 cycles, and 
then	after	every	6	cycles.	A	partial	response	is	defined	as	a	≥20%	decrease	in	the	target	PN	volume.	Plasma	pharmacokinetics	are	analyzed	on	day	
1 and 2 of cycle 1.

Results: Nine subjects (median age 15 years; range, 5-18 years) have enrolled to date. The target PN volume at enrollment was 2091 ml (range 
46.8-7210 ml). No dose limiting toxicities (DLTs) have been observed at 20 mg/m2 (n=3). At 30 mg/m2 1 of the initial 3 subjects enrolled developed 
dose limiting grade 3 CPK elevation, which was asymptomatic and reversible. This dose level has been expanded to 6 subjects, with no additional 
DLTs observed to date. The most frequent non-DLTs are acneiform rash, nausea, abdominal pain, diarrhea, and CPK elevation. Minor PN decrease 
has been observed in all subjects, who have undergone at least 1 restaging MRI (cycle 5 [n=6]: median decrease 15.2% range 13.3-22.8%; cycle 
10 [n=3]: median decrease 21.8% range 17.4-23.4%; cycle 15 [n=1]: -32%), and a partial response has been observed in 4 of 6 subjects. PN 
shrinkage occurs slowly over time in progressive and non-progressive PNs.  PN growth has not been observed in any subject, and all subjects 
remain on trial after a median of 6 (range, 1-19 cycles). Pharmacokinetic analysis is pending.

Conclusions: Chronic dosing of AZD6244 has been tolerated by children with NF1 and PNs with acneiform rash and gastrointestinal toxicity as most 
frequent clinical adverse events. Preliminary activity has been observed at 50% and 75% of the adult recommended dose. Enrollment on this study is 
ongoing, and a phase II is in development. 

Full List of Authors: Leigh Marcus1, Eva Dombi1, Andrea Baldwin1, Lauren Long1, Andrea Gillespie1, Patricia Whitcomb1, Staci Martin1, Brigitte Widemann1.  
1Pediatric Oncology Branch, National Cancer Institute, Bethesda, MD
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Pain Interference in Youth with Neurofibromatosis Type 1 (NF1) 
and Plexiform Neurofibromas (PNs):  Relation to Physical 
Manifestations, Social-Emotional Functioning, and Quality of 
Life (QOL)

Background: The physical manifestations of NF1 can cause severe and chronic pain; however, no published studies have specifically investigated 
pain and its impact on children with NF1. This study assessed pain interference and its relationship to disease factors, social-emotional functioning, 
and QOL in youth with NF1 and PNs.  

Methods: Children with NF1 and PNs, 6-18 years, and their caregivers rated the child’s QOL on the Impact of Pediatric Illness Scale (Wolters et al., 
2010); pain interference was rated (1=none to 5=a lot) on one item asking how much the child’s pain interferes with daily functioning. Social-
emotional functioning was assessed with the Depression, Anxiety, and Withdrawal subscales of the Behavior Assessment System for Children-II-
Parent. Percentage of total tumor burden (TTB%) was calculated by summing all PN volumes obtained from whole-body STIR MR-imaging adjusted 
for body weight. A nurse practitioner rated and summed the presence/absence of 8 pain-related complications.

Results: Of the 59 youth with NF1 and PNs (mean age=12.4 years) and 59 caregivers who participated, 61% of youth and 73% of caregivers 
rated that pain interfered “a little” to “a lot” with the child’s functioning. Pain interference ratings were not related to age or gender and did not differ 
in the 58 caregiver-child pairs (2.45 vs. 2.36, respectively). Thirty-three percent of youth reported regular use of pain medication; of these, 90% 
took prescription drugs. As rated by caregivers, higher pain interference was related to higher TTB% (p<.05), poorer QOL (p<.0001), and more 
symptoms of depression, anxiety, and withdrawal (ps<.05 to .001); more pain complications were associated with poorer QOL (p<.05). As rated 
by children, higher pain interference was related to with poorer QOL (p<.0001) and higher depression (p<.05) and anxiety (p<.001); greater TTB% 
was associated with poorer QOL (p<.05). A multiple regression analysis indicated that, together, caregiver-rated pain interference, the three social-
emotional domains, and pain complications significantly predicted 62% of the variance in QOL.

Conclusions: The majority of youth with NF1 and PNs have pain that interferes with their daily functioning, even with regular use of pain medication. 
The combination of pain interference, disease factors, and social-emotional functioning highly predict QOL, highlighting the complex interaction 
among physical manifestations, psychological well-being, and everyday functioning. Thus, effective pain management must be a priority for children 
with NF1 and PNs and should utilize a multi-modal approach that includes psychological interventions to help cope with pain and address mental 
health needs. 

Full List of Authors: Leigh Marcus1, Eva Dombi1, Andrea Baldwin1, Lauren Long1, Andrea Gillespie1, Patricia Whitcomb1, Staci Martin1, Brigitte Widemann1.  
1Pediatric Oncology Branch, National Cancer Institute, Bethesda, MD

Pamela L. Wolters, PhD
Pediatric Oncology Branch (POB), National Cancer 
Institute (NCI)
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